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Received  May  16.  1914. 

It  has  been  pointed  out  by  many  of  the  woricers  upon  radioactivity, 
especially  by  Boltwood,  Ramsay,  Rutherford  and  Fajans,  that  the  most 
conclusive  test  concerning  the  recent  theory  of  the  degeneration  of  radio- 
active elements  is  to  be  fotmd  in  the  determination  of  the  atomic  weights. 
If  each  a-transformation  involves  the  loss  of  an  atom  of  helium  and  nothing 
dse  which  is  weighable,  the  atomic  weight  of  the  product  should  be  just 
3-99  less  than  that  of  the  original  substance,  because  3.99  is  the  atomic 
TOght  of  helium  evolved  dining  the  a-transformation.  Thus,  if  radium 
has  an  atomic  weight  of  225.97,*  its  emanation  ("niton")  should  have 
an  atomic  weight  of  221.98,  radium  D  (which  is  supposed  to  involve  three 
more  a-transformations)  should  be  210.01;  and  radium  G  (yet  another 
ff-transformation)  should  be  206.02. 

Still  more  recently,  a  further  theory,  which  has  been  independently 
pnyposed  by  Fajans,  and  by  Soddy,^  indicates  that  some  of  the  places 
in  the  periodic  table,  corresponding  to  high  atomic  weights,  should  per- 
haps each  include  several  elements,  different  in  atomic  weight  but  very 

^  Hdnigschmid.  Monatsh.,  33,  253  (1912). 

*K,  Fajans,  Ber.,  46,  422  (1913);   F-  Soddy,  Chem.  News,  107,  97  (1913)?  see 
"The  Chemistry  of  the  Radio-Elements/'  Soddy,  II,  3  (1914)- 
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similar  in  other  properties.  Thus,  in  the  place  which  we  tisually  assign 
to  lead,  we  shotild  expect  to  find  a  mixture  of  ordinary  lead,  radium  B,  D, 
and  G,  and  perhaps,  also  at  least  one  other  radioactive  product  from 
thorium  and  one  from  actinium.  These  different  substances,  according^ 
to  the  hypothesis,  should  have  identical  spectra  and  be  inseparable  by 
chemical  means,  but,  coming  from  different  sources,  they  should  have 
different  atomic  weights.  The  theory  supposes  that  each  a-transformation 
involves  a  loss  of  valemce  of  two,  and  each  /9-transf ormation  a  gain  of  val- 
ence of  one.  The  /S-tfansformation  involves  no  change  of  weight.  Thus 
radium  D  (supposed  to  have  an  atomic  weight  of  210)  after  two  fi-  and 
one  a-transformations  returns  again  as  radium  G  to  the  same  place  in 
the  periodic  system  with  an  atomic  weight  of  only  206.  This  place  is 
that  assigned  to  lead  (which  some  suppose  to  be  primarily  radium  G)» 
the  only  one  of  the  raditun  series  possessed  of  a  long  life  and  not  highly 
radioactive. 

The  problem  is  one  capable  of  a  decisive  gravimetric  test;  specimens 
of  lead,  consisting  of  different  mixtures,  obtained  from  different  sotu-ces, 
should  have  different  atomic  weights.  On  the  generous  suggestion  of 
Dr.  Fajans  this  matter  was  taken  up  in  the  autumn  of  1913  at  Harvard.^ 
In  order  to  glean  as  much  knowledge  as  was  within  reach,  we  have  en- 
deavored to  obtain  as  many  different  samples  of  radioactive  lead  as  possible 
and  to  determine  the  atomic  weights  of  the  possibly  composite  element 
by  precisely  comparable  methods,  so  as  to  discover  if  any  variation  might 
exist  in  the  chemical  equivalents  of  the  different  products. 

It  is  a  pleasure,  at  the  outset,  to  express  otu-  deep  gratitude  to  many 
workers  in  radioactivity  who  have  furnished  us  with  material.  Without 
this  general  co5peration,  it  would  not  have  been  possible  for  us  to  ac- 
complish anything  in  so  short  a  time,  and  we  cannot  express  too  highly 
our  appreciation. 

In  brief,  the  method  of  analysis  was  essentially  similar  to  that  used  so 
successfully  by  Baxter  and  Wilson  in  their  work  upon  the  atomic  weight 
of  ordinary  lead.*  The  chloride  was  in  each  case  prepared  in  a  state  of 
great  purity  by  recrystallization  in  quartz  and  platimun  vessels,  after 
extensive  preliminary  treatment  to  eliminate  foreign  substances.     This 

^  Mr.  Max  E.  Lembert,  Dipl.  Ing.,  a  pupil  of  Dr.  Pajans,  was  sent  by  him  and  the 
Technische  Hochschule  of  Karlsruhe,  with'  the  support  of  Professor  Bredig,  to  Harvard 
University  especially  for  this  purpose.  Sir  William  Ramsay,  also,  at  about  the  same 
time,  had  urged  on  behalf  of  Dr.  Soddy  that  the  atomic  weight  of  radioactive  lead 
should  be  studied  in  the  Wolcott  Gibbs  Memot4a!  Laboratory.  It  is  needless  to  say 
that  the  opporttmity  was  welcomed;  indeed,  the  matter  would  have  been  taken  up 
here  before,  except  for  a  fear  of  trespassing  upon  a  field  which  might  properly  be  con- 
sidered as  belonging  to  the  proposers  of  the  theory.  A  brief  annoimcement  of  this 
work  was  made  by  Dr.  Fajans  at  the  meeting  of  the  Btmsen  Gesellschaft  in  Leipzig  on 
May  2ist,  and  a  brief  notice  was  published  in  "Science"  on  June  5,  1914. — T.  W.  R. 

*  Baxter  and  Wilson,  Proc.  Am.  Acad.,  43,  363  (1907). 
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dibride  was  carefully  dried  in  a  desiccator  and  heated  to  fusion  in  a 
stream  of  hydrochloric  add  gas  and  nitrogen*  in  the  quartz  tube  of  the 
weU-known  bottling  apparatus  which  has  served  in  so  many  similar  cases.^ 
The  lead  chloride  was  then  dissolved  in  much  water,  and  the  chlorine 
pcedintated  by  silver  nitrate.  Both  the  weight  of  silver  required  and  the 
wd^t  of  the  precipitate  were  determined  in  the  usual  Harvard  fashion. 

As  a  further  check  upon  the  work,  control  analyses  giving  the 
atomic  weight  of  ordinary  lead  were  carried  out  in  precisely  the  same  way. 
These  yielded  essentially  the  same  value  as  that  found  by  Baxter  and 
Wilson,  and  more  recently,  by  Baxter  and  Grover  in  work  as  yet  im- 
pablished. 

The  outcome  was  striking.  There  can  be  no  question  that  the  radio- 
active samples  contain  another  element  having  an  atomic  weight  so  much 
lower  than  that  of  ordinary  lead  as  to  admit  of  no  explanation  through 
analytical  error,  and  yet  so  nearly  like  ordinary  lead  as  not  to  have  been 
separated  from  it  by  any  of  the  rather  elaborate  processes  to  which  we 
had  subjected  the  various  samples. 

AH  the  materials  used  in  the  work  were  purified  with  the  care  usually 
employed  in  work  of  this  kind.  The  silver  was  made  by  the  precipitation 
of  very  pure  silver  nitrate  by  ammonium  formate,  and  fused  upon  boats 
of  the  purest  lime  in  hydrogen.  The  hydrochloric  acid  gas  used  for  fusion 
and  precipitation  was  obtained  by  dropping  pure  sulfuric  acid  into  chem- 
ically pure  concentrated  hydrochloric  acid,  furnished  by  a  trustworthy 
firm  and  known  to  be  very  pure.  It  was  carefully  dried  and  freed  from 
sprBy  by  many  towers  of  glass  pearls,  drenched  with  sulfuric  acid.  For 
precipitation  this  acid  was  dissolved  in  pure  water  in  a  quartz  flask.  The 
water,  and  also  the  nitric  acid  and  other  substances  used  in  the  work, 
were  purified  according  to  the  methods  usually  employed  at  Harvard  for 
this  purpose. 

The  description  of  the  preparation  of  the  various  samples  of  lead  de- 
mands further  elaboration.  For  the  first  sample  of  common  lead,  used 
as  control  material,  a  commercially  pure  specimen  of  non-radioactive  lead 
acetate  was  three  times  recrystallized  from  acetic  acid  solution  and  the 
diloride  was  precipitated,  after  considerable  dilution,  by  pure  hydro- 
diloric  add  gas.  After  the  chloride  had  been  many  times  washed  and 
recrystallized  from  water,  its  aqueous  solution  was  filtered  through  a 
Goocfa'Munroe  crucible  to  eliminate  threads  of  filter  paper  and  other 
solid  impurities.  The  lead  chloride  was  then  twice  more  recrystallized 
in  a  platinum  dish  and  dried  over  potassium  hydroxide  (Sample  A). 

A  second  sample  of  ordinary  lead  chloride  was  prepared  from  the  purest 
lead  nitrate  of  commerce  in  a  similar  manner.  This  salt  was  crystallized 
three  times  in  glass  and  twice  in  platinum,  and  its  aqueous  solution  was 
>  Ridiard9»  "The  Faraday  Lecture  of  19x1/'  /.  Chem,  Sac.,  99, 1203  (19x1). 
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precipitated  by  pure  h3rdrocfaloric  add  gas  in  a  quartz  flask.  The  salt 
was  thoroughly  washed  with  many  treatments  of  wash  water,  centiifuged, 
and  finally  crystallized  three  times  frcon  a  solution  weakly  acidified  with 
hydrogen  chloride  in  a  quartz  dish  (Sample  B). 

In  order  to  test  the  efficiency  of  crystallization  of  lead  nitrate  as  a  means 
of  freeing  this  salt  from  bismuth  (the  impurity  most  to  be  feared  in  our 
radioactive  material),  a  sample  of  this  salt  was  mixed  with  about  one- 
tenth  of  its  weight  of  bismuth  nitrate.  After  three  recrystallizations  only 
a  trace  of  bismuth  remained  in  the  crystals,  and  the  fourth  removed  all 
that  trace  which  could  be  detected  by  qualitative  means.  There  is  no 
doubt,  also,  that  crystallization  of  the  chloride  likewise  is  a  very  efficient 
means  of  purifying  lead. 

Otu:  first  sample  of  radioactive  lead  was  very  kindly  furnished  by  Dr. 
Pajans;  indeed  his  generous  initiative  in  this  way  made  it  possible  for  us 
to  begin.  It  was  from  Colcnado  camotite  and  came  to  us  as  chloride,  con- 
taining doubtless  traces  of  iron,  bismuth,  and  other  substances.  It  was, 
in  the  first  place,  recrystallized  eight  times  from  the  aqueous  solution, 
but  even  after  this  treatment  was  not  absolutely  white  in  color,  containing 
still  a  trace  of  iron.  Three  more  crystallizations  from  hydrochloric  acid 
solution  yielded  a  product  of  pure  whiteness,  but  because  of  the  slow 
elimination  of  the  impurities,  this  sample,  C,  could  hardly  be  considered 
as  a  final  product.  Therefore,  all  the  remainder  of  the  material  was 
dissolved  in  a  great  volume  of  water,  acidified  with  nitric  acid,  and  satiu-ated 
with  hydrogen  sulfide.  The  carefully  washed  sulfide  was  dissolved  in  nitric 
add,  and  the  nitrate  was  thrice  crystallized  (once  in  platinum)  from  add 
S(^ution.  That  part  of  the  sulfide  oxidized  to  sulfate  was  dissolved  in 
ammonium  acetate  and  again  precipitated  by  sulfureted  hydrogen, 
this  process  being  repeated  until  practically  all  of  the  sulfide  had  been 
converted  into  nitfate.  The  purified  and  recrystallized  nitrate  was  pre- 
dpitated  as  chloride  by  purified  hydrochloric  add  gas  as  before,  and  the 
product  was  recrystallized  twice  from  dilute  hydrochloric  add,  and  once 
from  pure  water  in  a  quartz  dish  (Sample  D). 

A  second  source  of  radioactive  lead  was  very  kindly  provided  by  Sir 
William  Ramsay,  consisting  of  residues  from  pitchblende  mined  in  Corn- 
wall* The  brown-gray  powder  contained  ferrous  carbonate  and  many 
other  substances  besides  lead.  This  latter  element  we  separated  in  the 
fijrst  place  by  the  solution  of  the  material  in  nitric  add,  and  predpitation 
with  pure  sulfuric  add  (free  from  lead)  with  the  addition  of  alcohol.  The 
sulfate  was  washed  by  decantation  until  practically  free  from  iron,  and 
was  dissolved  in  ammonium  acetate  and  tartrate.  That  portion  of  the 
original  residue  which  refused  to  dissolve  in  nitric  add  was  also  treated 
with  amxijionium  acetate  to  dissolve  any  lead  which  might  remain  as 
sulfate.    This  again  was  predpitated  as  sulfide.    As  before,  the  sulfide 
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nas  converted  into  the  nitrate,  and  this  salt  was  treated  exactly  as  in  the 
case  of  Sample  D.  The  resulting  product  was  designated  Sample  F»  and 
stmilar  material,  prepared  later  from  the  same  substance  with  somewhat 
greater  care,  was  designated  as  Sample  G. 

A  sample  of  radioactive  lead  from  Ceylonese  thorianite,  furnished 
through  the  great  kindness  of  Professor  Boltwood,  had  already  undergone 
considerable  purification.  Prom  25  kg.  of  the  thorianite  (which  con- 
tained about  three  times  as  much  thorium  as  tu'anium),  iioo  g.  of  lead 
nitrate  had  been  prepared  in  a  state  of  considerable  purity,  and  loo 
g.  of  this  precious  material  were  placed  at  our  disposal*  In  its  prepara- 
tion, the  thorianite  had  been  dissolved  in  concentrated  nitric  acid,  and 
the  neutralized  solution  had  been  precipitated,  when  moderately  dilute, 
with  hydrogen  sulfide.  The  sulfide,  after  filtration,  was  then  dis- 
solved in  hydrochloric  add  with  the  addition  of  potassium  chlorate, 
and  the  lead  chloride  twice  recrystaUized,  converted  into  nitrate, 
twice  more  recrystallized,  and  came  to  us  at  this  state.  We  crystallized 
it  four  times  more  in  a  quartz  dish  and  finally  ccmverted  it  into  the  chlmde, 
which  was  twice  recrystallized  from  add  solution  and  once  from  pure 
water. 

A  somewhat  similar  sample,  also  from  Ceylon,  came  to  us  through 
the  kindness  of  Mr.  Miner,  chief  chemist  of  the  Welsbach  Light  Co.,  of 
Gloucester  City,  N.  J.,  U.  S.  A.  The  source  was  a  kilogram  of  thorianite. 
This,  after  solution  in  dilute  nitric  add  (the  solid  residue  being  separated), 
was  pfedpitated  with  oxalic  add  to  eliminate  the  thorium,  and  the  filtrate, 
made  alkaline  with  anunonia,  was  predpitated  with  hydrogen  sulfide. 
But  much  of  the  lead  had  gone  into  the  oxalate  predpitate,  so  that  Mr. 
Miner  very  kindly  recovered  this  also  for  us,  treating  the  predpitate 
with  sodium  hydroxide  and  extracting  with  hot  water.  From  this  lye, 
hydrogen  sulfide  predpitated  a  mixture  of  sulfides  which  contained  much 
more  kad.  These  two  samples  of  sulfides  we  now  united,  dissolved  in 
nitric  add  and  crystallize  four  times  as  nitrate.  The  product  was  ccm- 
verted in  the  usual  manner  into  the  chloride  and  designated  Sample  M. 
A  further  product,  made  from  lead  oxidized  to  sulfate  by  the  action  of 
nitric  add,  gave  another  sample  N. 

When  the  work  was  well  advanced,  a  new  sample  of  Bohemian  uranitun- 
lead  was  prepared  espedaUy  for  us  through  the  kindness  of  Dr.  Pajans 
in  the  following  way:  "Das  gerdstete  Erz  wurde  mit  einem  Gemenge 
von  HsSO^  und  HNOs  (zur  Oxydation  der  vorhandenen  Stdfide)  behandelt, 
und  dadurch  das  Uran  in  I^sung  gebracht.  Der  Riickstand  enthielt 
das  Blei  als  Sulfat,  und  wurde  ihm  durch  Behandlung  mit  Aetznatron 
eotzogen,  dtnch  Ansftuem  wieder  ausgefiUt,  und  mittelst  Soda  in  Karbonat 
Tcrwandelt.  Dieses  war  dann  in  HNOs  aufgddst  und  das  Nitrat  kristal- 
Isiert  worden.    Das  Pr&parat  wurde  unter  Ausschluss  der  Moglichkdt 
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einer  Verunreinigung  durch  Bid  anderer  Provenienz  gewoimen/'  This 
nitrate  (which  contained  lead  oxide  and  traces  of  iron)  was  purified  in 
two  different  ways.  One  part  was  precipitated  like  Sample  P  twice  as 
sulfide.  This  was  converted  into  the  nitrate,  and  was  three  times  re- 
crystallized  in  quartz,  being  finally  turned  into  the  chloride  as  usual 
(Sample  I).  Another  part  was  recrystallized  only  three  times  as  nitrate, 
then  tinned  into  chloride,  and  again  recrystallized  (Sample  K),  but  ac- 
cording to  the  results  of  the  analyses  it  appeared  to  be  as  pure  as  the  most 
carefully  treated  product.  Prom  the  lead  sulfate  which  appeared  during 
the  solution  of  the  sulfide  (Sample  I),  yet  another  fraction,  L,  was  made. 

Perhaps  the  most  valuable  of  all  oiu-  samples  (because  it  came  from  very  . 
pure  ore)  was  a  small  amount  of  3.8  g.  of  lead  chloride  very  kindly  given 
us  by  Professor  Boltwood  and  Dr.  Ellen  Gleditsch,  of  Christiania,  Norway, 
now  collaborating  with  Professor  Boltwood.  This  product  came  from  the 
analysis  of  no  g.  of  the  purest  selected  uraninite  from  North  Carolina, 
U.  S.  A.  The  material  was  practically  of  pure  radioactive  origin,  no 
other  lead  except  that  from  uraninite  itself  being  included.  The  sulfides, 
which  had  been  precipitated  from  an  acid  solution  of  the  mineral,  were 
dissolved  in  nitric  acid  and  the  lead  separated  as  chloride.  This  was 
crystallized  three  times  from  hydrochloric  add  solution,  and,  finally,  once 
more  from  aqueous  solution  in  a  quartz  dish,  and  was  designated  sample 
O. 

Another  sample,  P,  was  prepared  from  the  filtrates  of  all  the  analyses 
of  Sample  D.  Silver  (in  addition  to  other  slightly  electropositive  elements, 
if  present)  was  removed  by  slow  fractional  electrolysis.  The  residual 
electrolyte  was  repeatedly  recrystallized  as  chloride.  It  will  be  noticed 
that  the  atomic  weight  was  essentially  unchanged. 

One  of  the  samples  provided  by  Dr.  Pajans  came  originally  from  Pro- 
fessor Giesel,  and  the  other  had  been  prepared  with  a  subsidy  from  the 
Heidelberger  Akademie  der  Wissenschgrften.  We  wish  to  express  our 
grateful  thanks  to  these  helpers  also.  A  list  of  the  sources  of  these  various 
samples  may  facilitate  comparison. 

Sources  of  Samples  of  Lead  Chloride. 

Sample  A.  Commercial  lead  acetate,  Germany. 

Sample  B.  Camotite,  Colorado,  U.  S.  A.  (impmc)  (Fajaxis). 

Sample  C.  Camotite,  almost  pure. 

Sample  D.  Camotite  the  most  carefully  purified. 

Sample  E.  Commercial  lead  nitrate,  America. 

Sample  F.  Pitchblende,  Cornwall,  England  (Ramsay). 

Sample  G.  Pitchblende,  the  most  carefully  purified. 

Sample  H.  Thorianite,  Ceylon  (Boltwood). 

Sample  I.  Pitchblende^  Joachimstlial,  Bohemia,  pur^t  (Fajans). 

Sample  K.  Pitchblende,  preliminary  product. 

Sample  L.  Pitchblende,  same  as  I. 

Sample  M.  Thorianite,  Ceylon  (Mmer). 
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Sample  N.  Thorianite,  later  fraction. 

Sample  O.  Uraninite,  North  Carolina,  America  (Gleditsch). 

Sample  P.  Extremely  careful  purification  of  sample  D. 

Sample  R.  Sample  O,  fiuther  purified. 

The  consistent  method  according  to  which  all  these  samples  were  ana- 
lyzed has  already  been  briefly  described  but  perhaps  a  few  points  con- 
ceming  the  details  deserve  discussion. 

The  desiccator-dried  lead  chloride  was  always  fused  in  a  current  of 
hydrochloric  add  gas,  as  already  stated,  in  order  to  be  sure  that  the  water 
was  expelled  as  completely  as  possible.  There  was  reason  to  expect  that 
lead  <±loride  thus  fused  should  be  neither  basic  nor  containing  an  impor- 
tant amount  of  dissolved  hydrochloric  acid.  In  support  of  this  conclusion 
we  may  dte  the  neutrahty  of  other  chlorides  thus  fused,  as  determined 
by  the  alkalimetric  testing  of  the  dissolved  material.*  It  is  true,  of 
course,  that  the  spedfic  nature  of  each  chloride  is  different,  and  reasoning 
from  analogy  is  not  always  safe. 

After  the  lead  chloride  had  been  cooled  within  the  bottling  apparatus  in 
nitrogen,  and  this  gas  had  been  displaced  by  air,  the  fused  salt  in  its 
platintun  boat  was  pushed  into  a  weighing  bottle,  in  which  it  was  weighed 
with  great  accuracy.  It  was  then  slowly  dissolved  in  a  large  bulk  of  warm 
water  (about  40**)  contained  in  a  large  Erlenmeyer  glass-stoppered  pre- 
cipitating flask.  We  verified  the  experience  of  Baxter  that  no  chlorine  is 
Vxt  during  this  process. 

In  spite  of  our  precautions,  oin*  samples  of  lead  chloride  always  ex- 
hibited on  solution  in  water  a  small  amount  (three  or  foiu*  milligrams)  of 
white  predpitate,  which  was  shown  by  its  immediate  solution  in  a  trace 
of  add  to  be  a  basic  salt.  This  may  have  been  partly  due  to  alkali  dis- 
solved from  the  glass.  The  literature  concerning  lead  chloride  suggested 
that  it  may  be  somewhat  hydrolyzed  in  aqueous  solutions.*  If  this  is  the 
case,  and  the  trace  of  basic  predpitate  came  from  this  cause,  it  would  of 
coarse  have  no  effect  whatever. on  the  result,  provided  that  it  was  dis- 
solved in  a  drop  of  nitric  add  before  adding  silver  nitrate.  On  the  other 
hand,  if  the  basic  salt  had  been  formed  during  fusion,  its  presence  wotild 
signify  a  real  loss  of  chlorine,  and  the  resulting  atomic  weight  of  lead 
would  be  too  high.  We  obtained  from  ordinary  lead  essentially  the  same 
values  as  those  found  by  Baxter  and  Wilson  (and  later  by  Baxter  and 
Grover) ;  therefore  the  error  (if  it  exists)  must  apply  equally  to  both  sets 
of  determinations.  Because  lack  of  time  prevented  oiu-  solving  the  ques- 
tion, we  strove  only  for  comparative  results;  our  problem  was  not  so  much 
to  find  the  true  atomic  weight  of  lead,  but  rather  merely  to  find  if  the  atomic 
wd^t  of  radioactive  lead  is  like  that  of  ordinary  lead.    The  suitable 

J  g^c  ior  example  Richards  and  H6nigschmid,  This  Journal,  33,  28  (19 10);  Silz. 
h  Akad   Wiss.   Wien,  119  (1910);  Chem.  News,  104,  182,  190  (191 1). 

'  See  fo^  exjBxni>\^  Abegg's  "Handbuch,"  III,  and  part,  pp.  648-^53;  also  p.  657  (1909)- 
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correction,  if  any  is  needed,  can  be  applied  at  any  time,  by  subtracting 
a  small  quantity  from  each  of  om-  values,  which  were  obtained  imder 
precisely  similar  conditions.  Professor  Baxter  and  his  students  have 
previously  met  with  this  difficulty  in  the  cases  of  both  lead  chloride  and 
lead  bromide  and  they  have  been  for  some  time  engaged  in  experiments 
directed  towards  solving  the  problem. 

One  other  correction  is  involved  in  three  of  these  analyses,  Nos.  21, 
25,  and  28.  In  these  analyses  a  combustible  black  residue,  chiefly  carbon, 
of  appreciable  amoimt,  was  left  upon  dissolving  the  lead  chloride,  due 
doubtless  to  organic  matter  taken  from  the  filter  paper  during  purification. 
In  each  case  this  was  very  carefully  filtered  off  and  weighed  on  a  Neubauer 
crucible,  and  the  weight  subtracted  from  the  original  weight  of  lead 
chloride.  These  three  corrections  were,  respectively,  0.83,  0.66  and  0.20 
milligram.  None  of  the  other  analyses  was  entirely  free  from  this  carbon- 
aceous substance,  but  the  amoimt  was  in  every  other  case  less  than  the 
least  of  those  just  mentioned  and  was  neglected.  Its  presence  would  tend 
to  increase  very  shghtly  the  observed  atomic  weight  determined  from  the 
ratio  of  lead  chloride  to  silver,  but  would  have  no  appreciable  effect  on 
that  referred  to  silver  chloride. 

The  lead  chloride  which  has  been  thus  weighed  and  dissolved  was  pre- 
cipitated by  a  weighed  amount  of  silver  in  the  usual  way.  No  imusual 
precautions  were  necessary,  except  that  we  foimd  that  when  the  solutions 
were  concentrated,  lead  chloride  is  more  easily  occluded  by  the  silver 
chloride  than  many  other  salts.  ^  Working,  however,  with  solutions  so 
dilute  that  only  i  g.  of  lead  chloride  was  contained  in  500  cc.  of  the  solution, 
we  were  but  little  troubled  from  this  source.  According  to  Franke* 
the  salt  must  be  about  80%  dissociated  at  this  dilution.  The  precipitate 
after  several  days  comes  to  a  definite  and  consistent  end  point,  unchanged 
by  further  standing.  In  order  to  establish  the  end  point  with  greater 
exactness,  the  solubility  of  the  silver  chloride  was  reduced  by  cooling  the 
solution  almost  to  o^  before  removing  the  samples  to  be  tested.  As 
usual,  silver  was  added  to  the  very  nearly  precipitated  mixture  until 
25  cc.  portions  of  the  supernatant  liquid  showed,  in  the  nephelometer, 
the  same  cloudiness  with  excess  of  added  chloride  in  one  test  tube  as  with 
•excess  of  added  silver  in  the  other.  The  amount  of  silver  exactly  equiv- 
alent to  the  chlorine  having  this  been  found,  an  excess  of  dissolved  silver 
was  added  in  order  to  precipitate  the  dissolved  silver  chloride,  and  the 
whole  was  filtered  with  the  usual  precautions  on  a  carefully  weighed 
Gooch-Munroe  crucible  with  a  mat  of  platinum  sponge.  The  precipitate 
was  dried  to  constant  weight  at  about  180^;  and  then  transferred  to  a 
porcelain  crucible  and  fused,  in  order  to  dislodge  the  small  remaining 
trace  of  water. 


>  This  confirms  the  experience  of  Baxter. 
*  See  Abegg's  Handbook,  Loc,  cU. 
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In  the  first  place,  a  number  of  preliminary  analyses  were  made  in  order 
to  acquire  experience  in  the  method.  Of  com-se  some  of  them  failed  for 
one  reason  or  another,  but  they  yielded  important  consequences  never- 
theless. They  showed  that  the  method  in  our  hands  yielded  with  common 
lead  essentially  the  same  results  as  those  obtained  by  Baxter  and  Wilscm — 
our  values  averaging  about  207.15  for  the  atomic  weight  of  lead  when  it 
did  not  contain  radioactive  material.  They  showed,  moreover,  that 
Colorado  camotite  contained  lead  (Samples  C,  D)  having  an  atomic 
weight  not  far  from  206.6  by  the  same  metiod  and  that  the  lead  extracted 
£rom  English  pitchblende  (Sample  P)  had  an  atomic  weight  of  about  206.9. 
The  preliminary  analyses  of  the  radioactive  material  need  not  be  recounted 
in  detail  because  the  chloride  was  not  thoroughly  purified  and  the  ana- 
lytical procedure  was  not  wholly  without  fault.  The  analyses  of  common 
lead  may  be  briefly  recounted. 

In  four  closely  agreeing  analyses,  16.2966  g.  of  fused  lead  chloride, 
after  complete  solution,  required  12.6458  g.  of  silver  for  complete  pre- 
cipitation. Thus  100  parts  of  silver  are  equivalent  to  128.87  parts  of 
lead  chloride,  and  if  the  atomic  weight  of  silver  is  taken  as  107.88,  lead 
becomes  207.14.  Again  in  two  closely  agreeing  analyses  8.17662  g.  of 
fnsed  lead  chloride  yielded  after  due  correction,  8.4293  g.  of  silver  chloride. 
Hence,  100  parts  of  silver  chloride  correspond  to  97.002  parts  of  lead 
chloride,  and  on  the  same  basis  as  before,  lead  becomes  207.16.  The 
mean  between  these  two  results,  207.15,  may  be  taken  as  the  experimental 
vahie  for  the  atomic  weight  of  or^nary  lead  as  observed  under  these 
conditions.  This  result  is  about  halfway  between  that  found  by  Baxter 
and  Wilson  and  that  more  recently  found  by  Baxter  and  Grover,  but  not 
yet  published.  Therefore  the  results  indicate  that  the  method  had  been 
mastered  and  that  it  had  been  giving  sufficiently  satisfactory  results 
throughout.  The  agreement  of  otu*  results  by  the  two  methods  shows  that 
no  important  amount  of  impurity  was  occluded  by  the  precipitated  silver 
diloride.  in  agreement  with  Baxter's  outcome. 

Most  of  the  analyses  thus  summarized  were  made  before  the  radio- 
active kad  was  attacked.  In  the  last  one,  made  at  die  very  end  of  the 
work,  5.0089  g.  of  lead  chloride,  were  fused  and  dissolved  as  usual,  but 
before  precipitation  an  amount  of  the  nitrate  of  radium  D  (kindly  sent 
by  Dr.  Fajans)  was  added,  sufficient  to  make  the  radioactivity  of  the 
mixtuie  correspond  approximately  to  that  of  Sample  D.  This  was  in 
order  to  discover  whether  or  not  the  presence  of  radioactivity  produces 
serious  effect  upon  precipitation.  As  the  atomic  weight  calculated  from 
this  last  result  (207.14)  was  exactly  like  the  average,  it  is  evident  that  the 
analytical  process  is  not  affected  by  the  mere  presence  of  radioactivity. 

Let  OS  now  turn  to  the  final  results  for  material  obtained  from  radio- 
active sources.    The  work  was  done  with  great  care,  and  because  of  the 
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experience  gained  in  the  preliminary  trials,  the  results  were  more  satis- 
factorily concordant.  All  the  figures  concerning  these  final  series  are 
given  in  the  table  below,  no  experiment  having  been  omitted  except  a  single 
analysis  of  Sample  O,  which  was  made  before  it  was  fully  purified,  and 
was  therefore  rejected.  Table  III  contains,  the  weight  of  silver  needed 
for  each  specimen  of  lead  chloride,  and  Table  IV  the  weight  of  silver 
chloride  obtained.    The  last  two  columns  of  each  table  record,  tiie  ratios  of 

TaBLB   III. — ^FlNAL  RESULTS. 

Series  i.     2Ag  :  PbCli. 

Corrected 

wt.  of  fused  Corrected  wt. 

Number  of    Sanmle  PbCl  in  eouivftlent  Ag  Ratio  Atomic 

analjiit.         PbCl.         Ag.  vacuum.  in  vacuum.  PbCls:Ag.  weight. 

16 D     X        3,87082     3,00984      1,28606    206,56 

18 D     X       5»5733i     4»33300     1,28625    206,60 

26 P     Z       5,49412    4,27x57     1,28621    206,59 

Stun 14,93825  11,61441  Av.  1,28618  ao6,59 

17 H    X  3,88228  3,01600  1,28723  206,81 

19 H     Y  4i05550  3,15061  1,28722  206,81 

20 H     X,  Y  4,05168  3,14788  1,28712  206,79 

Sum 11,98946    9,31449  Av.  1,28719   206, 8x 

24 M    Y       2,80814    2,18162     1,28718   206, 8x 

21 I     X       3.95052    3.07209     1,28594   206,54 

22 K    X,  Y     2,95726    2,29951     1,28604   206,56 

6,90778    5,37160  Av.  1,28598   306,55 

23 G    Y       4,05702    3.15153     1,28732    206,84 

29 R    Z       2,01795    1,56952     1,28563   206,47 

Tablb  IV.— Finai.  Rbsults. 

Series  2.  PbCli  :  2AgCl. 

Prom   Sample        Corrected    Corrected  wt.  of 
Number  of  Seriet         of  wt.  of  fuMd        fuMd  AgCl  Ratio  Weis ht 

analysis.  No.  I.     PbCls.       In  vacuum.        In  vacuum.  PbCliAgCI.     Ag «  107.33 

40 16         D  3*87082  3. 99879  0,96799         206,59 

42 la         D  5»5733l  3.75707  0,96808         206,61 

50 26         P  5,49412  5,67573  0,96800         206,58 

Sum 14,93825         15,43159  Av,    0,96803        ao6,59 

41 17         H  3,88228  4,00703  0,96886        206,84 

43 20        H  4,05168  4,18265  0,96870        206,78 

Sum 7,93778  8,18968  A V.  0,96877  206, 8x 

46 24        M  2,80814  2,89816  0,96894  206,85 

45 22         K  2,95726  3>05475  0,96809  206,61 

47 23        G  4,05702  4,18670  0,96903  206,88 

51 29        R  2,01795  2,08663  0,96767  206,32 
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tbc  substances  concerned  and  the  atomic  weights  of  lead  computed  in  the 
usual  fashion  from  these  ratios,  assuming  the  atomic  weights  of  silver 
and  chlorine  to  be  107.880  and  35.458,  respectively. 

Thus  the  final  analyses  yielded  results  essentially  like  the  preliminary 
ones.  The  situation  will  become  clearer  if  the  results  are  all  collected  and 
averaged  in  a  summarized  table  (V)  giving  the  values  of  the  atomic  weight 
corresponding  to  each  kind  of  lead. 

Tabljb  V. — ^PiNAL  Values  Found  for  Atomic  Wbight  of  Lbad  from  Different 

Sources. 

Lead  from  North  Carolina  uraninite  (Sample  R) 206 .  40 

Lead  from  Joachimsthal  pitchblende  (Sample  I,  K) 206 .  57 

Lead  from  Colorado  camotite  (Samples  D  and  P) 206 .  59 

Lead  from  Ceylonese  thorianite  (Samples  H,  M) . .  .* 206.82 

Lead  from  English  pitchblende  (Sample  G) 206 .  86 

Common  lead 207 .  15 

The  result  is  amazing.  Evidently  then  the  chemical  equivalents  of 
these  different  specimens  are  markedly  different  from  one  another.  Be- 
cause the  method  of  analysis  was  the  same  in  each  case,  one  cannot  help 
thinking  that  there  is  a  real  variation  in  the  chemical  equivalents  of  these 
samples  of  lead.  Either  a  large  amount  of  some  element  having  a  chemical 
equivalent  nearly  as  great  as  lead,  or  a  small  amount  of  an  element  having 
a  low  chemical  equivalent,  must  be  present,  mixed  with  the  substance 
which  we  ordinarily  call  lead.  The  fact  that  all  the  analyses  were  carried 
out  by  the  same  method,  and  that  each  sample  gives  consistent  results, 
seems  to  exclude  the  effect  of  analytical  error.  The  nature  of  this  ad- 
mixture it  would  be  perhaps  premature  to  decide.  Clearly  it  has  reactions 
very  much  like  those  of  lead,  if  not  exactly  identical;  for  the  various 
processes  to  which  our  material  was  subjected  would  have  eliminated  any 
element  widely  different.  Moreover,  the  fact  that  protracted  purification 
had  no  effect  on  the  atomic  weight  of  any  one  sample  is  evidence  in  the 
same  direction. 

A  word  should  be  said  concerning  the  determination  of  the  radioactivity 
of  these  various  samples,  which  is  an  important  item  in  the  consideration. 
The  determination  was  made  by  means  of  a  quantitative  gold-leaf  elec- 
troscope of  the  usual  t3rpe — a  square  brass  box  with  mica  windows,  con- 
taining a  gold-leaf  suspended  from  a  flat  rod  passing  through  amber. 
The  box  was  grotmded  and  the  electroscope  was  charged  by  means  of 
rubbed  sealing  wax.  The  material  to  be  investigated  was  placed  on  a 
wooden  slide  beneath  the  instrument.  The  /3-rays  (which  alone  were 
studied)  were  measiured,  being  allowed  to  come  into  the  box  through  a 
screen  of  thin  tinfoil  and  aluminum  foil.  In  the  first  place  the  time  taken 
for  the  gold-leaf  to  fall  between  two  definite  points  in  the  micrometer 
eyepiece   of  the  observing  telescope  was  noticed  when  no  radioactive 
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substance  was  present;  then  the  times  for  the  various  portions  were 
studied  under  precisely  like  conditions  and  compared  with  the  same  wei^t 
of  tu-anium  trioxide.  Prom  these  times  of  fall  the  rates  were  easily  com- 
puted, and  on  subtracting  from  the  rates  with  radioactive  substances, 
the  rate  when  nothing  was  present,  the  comparative  values  for  the  various 
substances  were  obtained.  Immediately  after  purification,  of  course,  the 
specimens  were  practically  non-radioactive,  because  during  crystallization 
raditmiE,  which  is  the  chief  source  of  the  jS-rays,  goes  into  the  mother 
liquor.  As  is  shown  by  the  figures  for  om-  Sample  D  at  the  top  of  Table 
VI,  the  radioactivity  of  freshly  prepared  crystals  steadily  increased  in 
the  usual  curve  until  the  maximum  was  attained  in  about  thirty  days. 
Radium  E  is  then  in  equilibrium  with  radium  D.  The  table  gives, 
in  its  lower  part,  a  comparison  of  the  radioactivity  of  the  different  samples. 
It  will  be  seen  that  Sample  D  was  the  most  radioactive,  sample  O  next, 
and  Samples  P  and  G  the  least.  An  old  sample  of  uraniimi  trioxide  is 
included  to  give  an  idea  of  the  magnitude  of  the  effect. 

Table  VI. 

Time  in  seconds  Natural  Corrected 

Sample                              Time  in  days        of  fall  of  Rate  of           fall  of  rate  of 

of  PbCls.                                elapsed  since     gold-leaf  with  fall  per           leaf  per  fall  with 

1.5  f.                               crystaUiaation.   prepantion.  minute*  minute,  preparatioii. 

D 0.2  472  0.127  0.043  0.084 

D 1.2  203  0.296  0.035  0.261 

D 2.0  144  0.417  0.035  0.378 

D 4.1        91  0.659  0.036  0.623 

D -5.2       78  0.769  0.041  0.728 

D 6.1        71  0.845  0.042  0.803 

D 7.0       69  0.870  0.043  0.827 

D 8.9       64  0.942  0.037  0.905 

D 12. 1       56  1.072  0.039  1.033 

D 14.3       53  1. 133  0.043  1.090 

D 16.3       49  1.220  0.039  1. 188 

D 18.0       49  1.220  0.039  1. 188 

D 27.0       43  1-396  0.046  1.350 

D 40.0       43  1.396  0.045  1. 351 

B^ >2oo         47  1.278  0.031  1.247^ 

1.27  g. 

I> 590                  53.0  1. 132  0.045  t.087 

F 40  265.0  0.226  0.045  0.181 

G 24  270,0  0-222  0.045  0.177 

H 35  204.0  0.294  0.045  0.249 

I ?  182.5?  0.329?  0.045  0.284? 

M 29  257.5  0.234  0.045  0.189 

0 2os^                  85.0  0.707  0.045  0.662 

UO3  standard —  >iooo  628.0  0.095  0.045  0.050 

^  This  sample  was  taken  from  the  impure  original  lead  chloride  from  camotite, 
as  we  had  received  it.  The  slightly  lower  vAlfte  is  probably  due  to  another  size  of 
crystals  and  the  nQn-radioactive  impurities. 
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Although  in  general  the  samples  of  kad  having  greater  radioactivity 
show  less  atomic  weight,  the  decrease  in  the  atomic  weight  is  not  exactly 
proportional  to  the  radioactivity.  For  example,  preparation  O  (the  same 
material  as  preparation  R)  is  distinctly  less  radioactive  than  Sample  D, 
although  the  atomic  weight  exhibited  by  O  is  decidedly  more  divergent 
from  the  usual  value  than  that  exhibited  by  D.  The  rates  of  fall  for  i  .27  g. 
of  O  and  D,  both  twenty  days  old,  were  respectively  0.66  and  0.99, 
whereas  the  deficiencies  in  the  atomic  weights  of  these  samples  were  re- 
spectively 0.75  and  0.56.  The  irregularity  suggests  the  presence  of  more 
than  two  variables.  More  data  are  clearly  necessary  for  a  definitive  con- 
evasion.  The  attempt  to  explain  the  relationship  will  therefore  be  de- 
ferred. 

The  spectroscopic  examination  of  one  of  these  samples  (Sample  D)  was 
conducted  with  the  generous  help  of  Professor  Baxter  in  his  admirable 
F6y  quartz  spectrograph.  Very  well-defined  photographs  of  the  ultra- 
violet portion  of  the  spectrum  of  our  Sample  D  (after  it  had  been  recovered 
from  an  analysis,  and  therefore  contained  a  trace  of  silver)  were  taken 
on  a  film,  side  by  side  with  similar  photographs  of  Baxter's  ptnest  lead. 
The  parallelism  of  the  two,  both  as  regards  the  ntunber  of  lines  and  the 
intensity  of  the  lines  was  complete  throughout  the  whole  field,  from  wave 
length  0.4M  to  the  extreme  ultraviolet  visible  in  this  instrument  (about 
0.200/1)  except  that  the  characteristic  silver  lines  0.3281/*  and  0.3383/1 
were  clearly  depicted  and  the  prominent  copper  lines  0.3248/1  and  0.3274/1 
were  faintly  visible.  The  latter  had  an  intensity  corresponding,  on  a 
very  conservative  estimate,  to  i  part  of  copper  in  100,000  parts  of  lead, 
determined  by  comparison  with  the  spectrum  of  lead  containing  known 
traces  of  copper — an  amount  far  too  minute  to  have  any  effect  on  the 
atomic  weight.  The  silver  doubtless  came  from  the  analytical  operations, 
as  already  said;  and  its  manifest  appearance  is  good  evidence  of  the 
great  sensitiveness  of  the  spectrometer.  No  shifting  or  obvious  broadening 
of  any  of  the  lines  was  observed,  but  it  would  not  have  been  possible  to 
see  a  very  slight  effect  of  this  kind. 

Thus  it  appears  that  the  lead  from  radioactive  sources,  having  an  atomic 
weight  of  206.6,  gives  essentially  the  same  ultraviolet  spectrum  as  ordinary 
lead,  having  an  atomic  weight  (determined  by  the  same  method  in  parallel 
analyses)  of  207.15. 

The  obvious  inference  to  be  drawn  from  this  amazing  result  is  that  one 

of  four  alternatives  must  hold  true.    Either  the  unknown  substance, 

which  is  mixed  with  ordinary  lead  and  produces  the  lower  atomic  weight, 

has  the  same  spectrum  as  lead  itself;  or  else  it  gives  no  lines  whatever 

in  the  ultraviolet  range  of  this  photograph;  or  else  the  presence  of  a  large 

bulk  of  lead  hides  or  aborts  the  spectrum  of  the  foreign  admixttu^;  or  else 

ordinary  lead  is  a  similar  medley  in  somewhat  different  proportions.*    It  is 
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perhaps  premature  to  decide  between  these  alternatives,  but  all  are  of 
interest,  the  first  and  last  of  course  being  the  most  revolutionary. 

That  lead  should  be  composed  of  a  mixture  of  substances  of  different 
origin  but  similar  properties  is,  after  all,  possibly  not  so  revolutionary  a 
proposition  as  might  appear  at  first  sight.  Rare  earths  are  often  very  sim- 
ilar in  properties,  and  large  amounts  of  material  and  very  patient 
fractionation  are  necessary  to  separate  them.  Why  should  not  the  same 
thing  be  true  of  several  of  the  commoner  elements?  The  only  practical 
difference  besides  the  presence  of  radioactivity  seems  to  lie  in  the  fact 
that  in  the  present  case  the  intruders  produce  no  obvious  change  in  the 
ultraviolet  spectrum.     But  if  all  lead  is  a  mixture,  this  might  be  expected. 

At  first  sight  one  might  be  inclined  to  feel  that  the  irregularity  in  the 
quantitative  results  above  described  should  diminish  one's  respect  for  the 
significance  of  atomic  weights  in  general,  but  further  thought  shows  that 
this  is  a  superficial  view.  If  the  results  which  we  have  obtained  really 
indicate  that  several  kinds  of  lead  having  the  same  properties  and  spectrum 
may  be  mixed  together  and  not  separated  chemically,  it  is  evident  that 
the  atomic  weight  becomes  almost  the  only  criterion,  except  radioactivity, 
capable  of  detecting  the  admixture  and  tracing  the  factors  to  their  source. 
Thus  the  study  of  atomic  weights  is  shown  to  be  not  less  but  more  signifi- 
cant than  it  had  been  before.  To  emphasize  this  point,  we  may  perhaps 
quote  two  paragraphs,  written  seven  years  ago,  long  before  the  theory 
under  discussion  had  been  proposed,  and  when  such  ideas  were  of  a  rather 
heretical  character. 

"Are  the  supposed,  constant  magnitudes  to  be  measured  in  chemistry 

really  variable ?     If  they  are  thus  variable,  is  it  worth  while  to 

expend  much  labor  in  determining  the  values  which  they  happen  to  possess 
at  any  one  time  under  any  one  set  of  conditions? 

"The  question  as  to  whether  or  not  the  supposed  constants  of  physical 
chemistry  are  really  not  constants,  but  are  variable  within  small  limits, 
is  of  profoimd  interest  and  of  vital  importance  to  the  science  of  chemistry 
and  to  nattu'al  philosophy  in  general.  If  this  latter  alternative  is  true, 
the  circumstances  accompanying  each  possible  variation  must  be  de- 
termined with  the  utmost  precision  in  order  to  detect  the  ultimate  reason 
for  its  existence.  As  Democritus  said  long  ago,  *the  word  chance  is  only 
an  expression  of  human  ignorance.'  No  student  of  natural  science  who 
perceives  the  dominance  of  law  in  the  physical  universe  would  be  willing 
to  believe  that  such  variations  in  a  ftmdamental  nimiber  could  be  purely 
accidental.  Every  variation  must  have  a  cause,  and  that  cause  must  be 
one  of  profoimd  effect  throughout  the  physical  universe.  Thus  the  idea 
that  the  supposed  constants  may  possibly  be  variable,  adds  to  the  interest 
which  'one  may  reasonably  take  in  their  accurate   determination,  and 
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enlarges  the  possible  field  of  investigation  instead  of  contracting  iV^ 
This  matter  has  received  not  only  speculative  but  also  experimental 
treatment  at  Harvard.  For  many  years  the  possibility  that  samples  of 
a  given  element  from  different  sources  might  have  different  atomic  weights 
had  been  considered,  and  investigated,  but  never  before  with  a  positive 
odtcome.  In  the  first  investigation  of  the  atomic  weight  of  copper  under- 
taken by  one  of  us  as  long  ago  as  1887,^  samples  of  copper  obtained  from 
Germany  and  from  Lake  Superior  were  found  to  give  precisely  the  same 
atomic  weight  for  this  element.  More  recently  the  question  was  revived 
and  in  1897,  specimens  of  calcium  carbonate  were  obtained  from  Vermont, 
U.  S.  A.,  and  from  Italy,  in  order  to  discover  whether  or  not  the  calcium 
in  these  two  widely  separated  localities  had  the  same  atomic  weight. 
Not  the  slightest  difference  was  foimd  between  them.'  Again,  in  a  very 
elaborate  investigation  on  the  atomic  weight  of  sodium,^  silver  was  ob- 
tained from  several  distinct  sources  and  sodium  chloride  was  obtained 
partly  from  several  different  samples  of  German  rock  salt,  and  partly 
from  the  salt  pumped  from  the  Solvay  Process  Company's  mines  at 
Syracuse,  N.  Y.  These  preparations,  differing  widely  in  the  steps  of  manu- 
facture and  in  geographical  sotu'ce,  all  yielded  essentially  the  same  atomic 
weights  within  the  limit  of  error  of  the  process.*  Yet  more  recently 
Baxter  and  Thorvaldson,*  with  the  same  possibility  in  mind,  determined 
the  atomic  weight  of  extra-terrestrial  iron  from  the  Cumpas  meteorite, 
which  gave  a  result  identical  with  ordinary  iron  within  the  limit  of  error 
of  experimentation.  From  these  researches  it  would  seem  probable  that 
even  if  an  unusual  eccentricity  may  be  exhibited  by  lead,  most  elements 
do  not  as  a  rule  differ  from  any  such  cause  of  imcertainty.  Baxter  and 
Grover  are  now  engaged  in  the  examination  of  ordinary  lead  from 
different  geographical  sources.  Perhaps  this  also  contains  more  than  one 
component,  as  suggested  above. 

It  would  perhaps  be  premature  to  indulge  in  further  hypothetical 
reasoning  concerning  the  natture  of  this  extraordinary  phenomenon,  but 
the  nature  ot  the  variation  unquestionably  points  in  the  direction  of  the 
hypothesis  of  Fajans  and  of  Soddy. 

This  paper  must  be  looked  upon  only  as  a  preUminary  one.  More  time, 
larger  amounts  of  material,  and  more  chemical  experimentation  are  needed 
in  order  to  be  sure  that  the  reactions  of  the  tmknown  contaminating  ele- 

'  Richards.  (Berlin  Inaugural).  Science,  N.  S.,  26,  562  (1907);  also  Die   Umschau, 
I3f  542-543  (1909);  trwulated  by  F.  Haber. 

*  Richards.  Proc.  Am.  Acad.,  33f  179-80  (1887). 

*  Richards.  This  Journai.,  24,  374  (1902). 

*  Richards  and  Wells,  Carnegie  Instil.  Wash.  Pub.,  28  (1905). 

*  Even  if  both  specimens  of  salt  came  originally  from  a  Silurian  ocean,  the  time 
and  condition  of  deposition  were  probably  widely  different. 

*  Tms  JouKNAi«»  53»  337  (i9u). 
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ment  and  lead  are  wholly  identical.    We  hope  and  intend  to  continue 
the  study,  and  solve  the  highly  interesting  questions  which  it  presents. 
We  are  greatly  indebted  to  the  Carnegie  Institution  of  Washington 
for  much  of  the  apparatus  and  material  used  in  this  research. 

Summary. 

In  this  paper  a  description  is  given  of  parallel  experiments  determining 
the  equivalent  weights  of  various  samples  of  lead  chloride  obtained  from 
different  sotu'ces.  It  was  found  that  all  of  the  radioactive  specimens 
possess  a  lower  atomic  weight  than  ordinary  lead,  as  determined  under 
identical  conditions,  the  deficiency  in  one  case  amounting  to  as  much  as 
0.75  of  a  imit. 

No  simple  linear  quantitative  relationship  between  the  exact  amotmt 
of  radioactivity  and  the  atomic  weight  was  found.  The  radioactivity 
of  the  various  samples  was  compared  by  means  of  the  quantitative  elec- 
troscope. 

The  ultraviolet  spectrum  of  a  tjrpical  radioactive  sample  was  compared 
with  that  of  ordinary  lead,  with  the  help  of  G.  P.  Baxter,  in  a  quartz  spectro- 
graph. No  difference  was  found  between  the  spectra  of  these  specimens, 
except  for  a  trace  of  copper  too  small  to  affect  the  restdt,  and  a  negligible 
trace  of  silver  known  to  have  been  present.  The  inference  seems  to  be 
that  radioactive  lead  contains  an  admixtiu-e  of  some  substance  different 
from  ordinary  lead,  and  very  difficult  to  separate  from  it  by  chemical 
means.  This  substance  cannot  be  identified  in  the  ultraviolet  spectrum 
of  the  material,  either  because  it  has  the  same  spectrum  as  lead,  or  be- 
cause it  has  no  spectrum  in  that  part  of  the  field,  or  because  its  spectrum 
is  masked  or  aborted  by  that  of  lead. 

This  amazing  outcome  is  contrary  to  Harvard  experience  with  several 
other  elements,  notably  copper,  silver,  iron,  sodium,  and  chlorine,  each  of 
which  seems  to  give  a  constant  atomic  weight,  no  matter  what  the  geo- 
graphical soiu-ce  may  have  been.  No  attempt  is  made  hwe  to  discuss 
the  theoretical  aspects  of  the  facts  presented,  but  attention  is  caUed  to 
their  qualitative  agreement  with  the  hypothesis  of  Pajans  and  of  Soddy. 

Cambkidos,  Mass.  . 


TWO  NEW  MODinCATIONS  OF  PHOSPHORUS. 

By  p.  W.  BiUDOMAN. 
Received  May  4.  1914. 

The-  two  new  modifications  of  phosphorus  to  be  described  here  were  ob- 
tained during  an  investigation  of  the  effect  of  high  pressure  on  the  melt- 
ing point  of  ordinary  white  phosphorus.  The  two  new  forms  have  per- 
fectly distinct  characteristics;  in  this  they  are  different  from  the  ques- 
tionable modifications  of  red  phosphorus  often  announced.  The  first 
of  these  modifications  is  a  new  form  of  white  phosphorus,  which  changes 
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into  the  ordinary  white  modification  reversibly  tinder  the  proper  coadi- 
tknis.  The  second  is  a  form  obtained  irreversibly  from  white  at  high 
pressures  and  moderate  temperatmes,  which  is  15%  more  dense  than 
Hittorff's  "  metallic"  red  phosphorus. 

In  addition  to  a  description  of  some  of  the  physical  properties  of  these 
two  new  modifications,  this  paper  will  contain  an  account  of  a  few  experi- 
ments made  on  a  specimen  of  red  phosphorus  formed  under  somewhat 
unusual  conditions  of  temperature  and  pressure;  and,  at  the  end  will  be 
found  a  consideration  of  the  problem  of  the  mutual  relationships  of  the 
various  modifications,  now  at  least  four  in  number.  No  attempt  has  been 
made  to  completely  solve  the  problem,  as  this  is  now  more  properly  a  re- 
search for  a  chemist  than  a  physickt,  and  since  black  phosphorus  was  dis- 
coveied  only  incidentally,  in  the  course  of  other  investigations. 

White  Phosphorus  n. 
The  new  modification  of  white  phosphorus  was  first  produced  by  in- 
creasing pressure  on  ordinary  white  phosphorus  to  about  iiooo  kg./cm.* 
at  60®.  The  existence  of  the  new  form  was  shown  by  a  discontinuous 
chai^  in  the  volume^  at  this  pressure.  A  ntunber  of  points  on  the  transi- 
tion curve  of  these  two  modifications  were  then  obtained  at  temperatures 
down  to  o^,  and  the  corresponding  changes  of  volume,  when  one  modi- 
fication passes  to  the  other,  were  measured.  These  measurements  sufiice 
for  a  computation  of  the  latent  heat  and  the  change  of  internal  energy  when 
the  one  form  passes  to  the  other.  These  data  have  already  been  pub- 
fished,^  and  for  convenience  of  reference  the  results  are  reproduced  here 
in  Table  I. 

Tabls  I. — Data  i^or  thb  Transition  bbtwsbn  the  Two  Forms  of  Whitb 

Phosphorus. 


Kgm./cm.' 

I 
6000 

Temperature. 

-76.9* 
—  2.4 

AV. 
Cm.Vgm. 

0.00851 

Latent  heat. 
Kgm.  in./f  m. 

18.61 

phange  of  energy. 
Kgm.  m./gm. 

18.10 

7000 
8000 

96 

21.4 

825 
799 

19.43 
20.24 

18.86 
19.61 

9000 
lOOOO 

32.7 
43.7 

772 
746 

21.04 
21.82 

20.34 
21.06 

IIOOO 

12000 

54.4 
64.4 

720 
694 

22.58 
23.39 

21.77 
22.44 

The  points  fotmd  at  high  pressures  indicated  by  extrapolation  that 
there  should  be  a  transition  point  at  atmospheric  pressiu-e  in  the  neighbor- 
hood of  — 80°  C.  This  transition  point  at  atmospheric  pressure  has 
lately  been  realized. 

The  method  employed  was  the  usual  one  of  determining  a  heating  curve. 
This  method  is  well  adapted  to  showing  the  existence  of  a  transition 
point,  but  is  not  capable  of  giving  a  veiy  accurate  value  of  the  transition 
»  P.  W.  Bridgman,  Pkys.  Rev.  N.  5,,  3,  126-141,  153--203  (1914)- 


Digitized  by 


Google 


134^ 


p.   W.  BRIDGIIAN. 


temperature,  and  gives  no  value  for  the  change  of  voltune.  About  loo  g. 
of  white  phosphorus  were  melted  under  water  and  allowed  to  solidify- 
in  a  cylindrical  mold,  in  which  a  platinum  resistance  thermometer  was  held 
axially.  This  thermometer  had  been  calibrated  between  o**  and  +60**, 
and  the  negative  readings  calculated  according  to  Callendar's  formula, 
using  1 .50  for  the  value  of  dA  The  maximum  error  in  the  temperature 
determined  in  this  way  cannot  be  more  than  o.  i®  at  — 80°.  The  phos- 
phorus with  the  thermometer  was  then  transferred  to  a  thin  metal  cylinder 
containing  pentane,  and  the  whole  cooled  down  in  liquid  air.  After  com- 
ing to  the  temperature  of  liquid  air,  the  metal  cylinder  with  the  phos- 
phorus w^s  transferred  to  a  cylindrical  Dewar  flask,  in  which  it  was  cen- 
trally supported  without  contact  with  the  walls.  The  rise  of  temperature 
with  time  was  followed  with  the  platinum  thermometer.  Transition 
from  the  low  temperatture  to  the  high  temperature  modification  was  shown 

-7(f|— — J 1 1 1 f mL-  by  an  arrest  in  the  regular  rise  of  tem- 

^  perature  with  time.  This  is  shown  in 
Fig.  I.  The  heat  absorbed  dtu-ing  the 
transformation  was  sufficient  to  keep  the 
temperature  nearly  constant  during  half 
an  horn-.  There  was  a  very  slight  retro- 
gression of  temperature  during  this  half 
hour,  which  shows  that  there  was  some 

sUght  superheating  before  the  transition 
Fig.  I.     Heating  curve  of  ordinary    .      ,    ,       n^\.     ^  j.         r        j   •     ^i.- 

white  phosphorus,  temperature  in  de-  ^^^^^'  ^he  temperature  found  m  this 
grees  against  time  in  minutes.  The  way  must,  therefore  be  somewhat  higher 
arrest  point  shows  the  transition  from  than  the  true  temperature  of  transition, 
the  low  to  the  high  temperature  modi-  Just  how  much  higher,  it  would  be  im- 
fication.  ^  possible  to  say,  but  the  approximate  con- 

stancy of  temperature  during  the  transformation  makes  it  probable  that  the 
temperattu'e  found  is  not  far  above  the  true  value.  This  is  also  strongly  indi- 
cated by  the  smoothness  of  the  curve  connecting  the  point  at  atmospheric 
pressure  with  the  points  found  at  the  high  pressm-es.  The  completed 
phase  diagram  of  these  two  modifications  is  shown  in  Pig.  2. 

In  addition  to  finding  the  transition  temperature  at  atmospheric  pressure, 
two  attempts  were  made  to  determine  the  crystalline  form  of  the  new 
modification.  The  appearance  of  this  new  form  in  btdk  is  much  likie  that 
of  ordinary  white  phosphorus,  it  may  possibly  be  a  trifle  yellower,  and 
there  are  likely  to  be  cracks  formed  because  of  the  volume  contraction 
of  about  2%  when  the  transition  occurs.  In  the  first  attempt  to  get  the 
crystalline  form,  a  tube  containing  white  phosphorus  was  pumped  to  a 
low  vacuum  and  the  lower  part  immersed  in  a  flask  with  liquid  air,  while 
the  upper  part,  containing  the  phosphorus,  was  exposed  to  the  tempera- 
^  See  Kaye  and  Laby's  tables,  p.  46. 
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tare  of  the  room  for  24  hours.  It  was  hoped  that  the  phosphorus  would 
distil  from  the  warm  end  and  condense  at  the  cold  end  in  the  character- 
istic crystalline  form  of  the  low  temperature  modification.    The  experi- 


3466789      10      U      12 
Pressure,  kipii./cm.'  x  10^ 

Fis-  2.  Shows  the  relation  between  temperature  and  pressure  on  the  transition 
curve  between  the  two  modifications  of  white  phosphorus.  A  short  length  of  the 
miAtiig  curve  is  shown  in  the  upper  left-hand  comer. 

ment  failed  because  most  of  the  phosphorus  condensed  in  the  cooler  parts 
of  the  tube  above  the  part  exposed  to  the  Hquid  air.     Only  an  excessively 
attenuated  mist  condensed  in  the  lower  part  of  the  tube.    With  the  micro- 
scope, it  was  possible  to  pick  out  a  few  needle-like  forms,  probably  the  low 
temperature  crystals  of  phosphorus,  but  no  more  exact  information  as 
to  the  crystalline  form  could  be  obtained.    It  should,  perhaps,  be  men- 
tioned that  the  crystals  were  examined  at  the  temperature  of  the  room, 
so  that  all  that  one  could  expect  to  see  would  be  crystals  of  ordinary 
phosphorus  with  the  outer  crystalline  form  of  the  low  temperature  form. 
The  second  attempt  to  obtain  the  crystalline  form  was  somewhat  more 
successful.    A  solution  of  white  phosphorus  in  carbon  disulphide  was  al- 
lowed to  crystallize  at  the  temperature  of  a  mixttu^  of  carbon  dioxide 
snow  and  gasolene.    The  phosphorus  separates  out  as  a  slush  composed  of 
fine  crystals.     Microscopic  examination  showed  that  the  usual  crystalline 
habit  is  in  needles,  about  five  times  as  long  as  broad,  with  pointed  ends 
of  about  60*.   It  was  not  possible  to  specify  fiulher  the  shape  of  the  needles. 
Scattered  among  the. needles,  however,  there  were  occasional  plate-like 
forms  of  unmistakable  hexagonal  shape;  several  nearly  perfect  hexagons 
were  found.    The  great  probability  is,  therefore,  that  this  new  modi- 
fication belongs  to  the  hexagonal  system.     The  crystalline  form  of  the 
usual  modification  is  regular. 

A  word  may  be  said  as  to  a  bearing  of  this  on  A.  Smit's  "New  Theory 
of  AHotropy."*    He  fotmd  that  ordinary  liquid  white  phosphorus  behaved 
>  A.  Smits  and  H.  L.  de  Leeuw,  Z.  phys.  Chem.,  77,  367-379  (191 ')• 
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in  a  way  tl^t  seemed  to  suggest  that  it  contained  two  kinds  of  molc^' 
cuks;  he  assumed  that  the  second  kind  of  mcleGuk  was  the  molecule  of' 
red  phosphorus.  Quite  a  part  from  the  legitimacy  of  his  experiments,  of 
which  there  seems  to  be  some  doubt,  the  hypothesis  of  the  presence  of 
red  phosphorus  molecules  in  appreciable  quantity  in  white  phosphorus  at 
low  temperatm-es  is  a  surprising  one,  in  view  of  the  inappreciable  reac- 
tion velocity  from  white  to  red.  The  existfnce  of  this  new  modification 
of  white  phosphorus  shows  that,  if  the  experiments  do  legitimately  point 
to  the  existence  of  another  kind  of  molecule,  it  is  the  molecule  of  this 
new  modification,  rather  than  the  molecule  of  red  phosphorus* 

Black  Phosphorus. 

Black  phosphorus  was  discovered  during  an  attempt  to  force  ordinary 
white  phosphorus  to  change  into  red  phosphorus  by  the  application  of 
high  hydrostatic  pressure,  at  a  temperature  below  that  at  which  the 
the  transformation  runs  with  appreciable  velocity  at  atmospheric  pressure. 
The  phosphorus  used  was  the  purest  commercial  stick  phosphorus  from 
Eimer  and  Amend.  This  had  shown  itself  perfectly  free  from  dissolved 
impurities,  although  it  probably  contains  such  impurities  as  carbon  or 
water  mechanically  suspended.  The  phosphorus  was  melted  under  water 
into  a  steel  shdl  about  15  cm.  long  and  i  .5  cm.  in  diameter,  the  water 
was  removed  as  far  as  possible,  aft/cr  the  phosphorus  had  solidifiedi  by  me- 
chanioal  shaking,  and  the  shell  with  the  phosphorus  was  placed  imme- 
diately tmder  kerosene  in  a  high  pressure  cylinder.  Pressure  up  to  about 
6000  kg.  per  sq.  cm.  was  applied  at  room  temperature  to  the  phosphorus 
through  the  medium  of  the  kerosene;  the  cylinder  was  raised  to  200° 
in  an  oil  bath  controlled  by  a  thermostat,  and  the  pressure  was  then 
raised  to  from  12,000  to  13,000  kg.  The  transition  from  white  to  black 
phosphorus  occurs,  under  these  conditions,  in  from  5  to  30  minutes.  The 
pressure  drops  at  first  very  slowly,  then  more  rapidly  until  apparently 
a  critical  point  is  reached  somewhere  between  1 1,000  and  12,000,  at  which 
it  drops  suddenly  to  about  4,000  kg.  Presstue  may  then  be  increased 
again  (with  the  form  of  apparatus  used  this  secondary  increase  could  not 
be  carried  beyond  n,ooo  kg.)  with  no  further  drop  of  pressiure.  On 
cooling  the  lower  cylinder  and  relieving  pressure,  the  white  phosphorus 
is  fotmd  transformed  into  a  black  substance  of  very  much  smaller  volume 
than  the  original  white  phosphorus.  Proof  will  be  given  presently  that 
this  is  a  modification  of  phosphorus,  not  a  compound.  This  experiment 
has  been  repeated  successfully  every  time  that  it  has  been  tried,  now  five 
times  in  all.    About  50  g.  of  black  phosphorus  may  be  f<»ined  at  a  time. 

Dtu'ing  one  of  the  repetitions  of  the  experiment  the  effect  of  inoculating 
the  white  phosphorus  with  a  piece  of  black  phosphorus  was  tried,  with 
the  idea  that  under  these  conditions  it  might  not  be  necessary  to  raise 
the  temperature  or  pressure  so  high.    It  was,  nevertheless,  necessary  to  raise 
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the  temperature  to  200 "*  and  the  pressure  to  11,750  kg.  When  pressure 
and  texnperature  had  reached  these  values,  the  formation  of  the  black 
from  the  inoculated  white  phosphorus  took  place  in  about  5  minutes, 
a  somewhat  shorter  time  than  usual.  It  would  appear  then,  that  inocula^ 
tion  may  have  some  effect  on  hastening  the  reaction,  but  the  effect  is  in 
any  event  slight,  and  it  may  have  been  due  entirely  to  accidental  causes 
quite  apart  from  the  inoculation,  judging  from  the  irregularity  of  the  other 
trials.  An  attempt  to  form  black  pho^orus  from  white  at  175^  and 
nearly  13,000  kg.  was  without  success.  Also  an  attempt  to  produce  black 
phosphorus  from  commercial  powdered  red  phosphorus,  which  'had  been 
inoculated  with  a  small  piece  of  black  phosphorus  was  without  result  in 
40  minutes  at  12,900  kg.  and  200^.  Another  attempt  to  produce  black 
phosphorus  from  the  massive  red  phosphorus,  to  be  described  later,  was 
also  unsuccessful  after  30  minutes  at  12,900  kg.  and  200^. 

The  transformation  from  white  to  black  phosphorus  is  not  quite  com- 
l^ete.  There  is  a  slight  quantity  of  ordinary  red  phosphorus  formed 
at  the  steel  walls  of  the  sheU  or  at  the  surface  of  contact  with  the  kerosene 
(never  any  red  phosphorus  in  the  interior  of  the  mass),  and  throughout  the 
mass  of  the  black  phosphorus  there  may  be  a  few  isolated  patches  in  which 
exceedingly  minute  traces  of  white  phosphorus  remain  untransformed. 
These  traces  of  white  phosphorus  will  catch  fire  spontaneously  on  contact 
with  the  air,  or  by  friction  with  the  hack  saw  with  which  the  stick  of 
blade  phosphorus  was  cut  up  for  examination.  This  white  phosphorus 
bums  for  only  a  few  moments  and  then  goes  out,  without  igniting  the  mass 
of  black  phosphorus. 

The  hladt  phosphorus  presents  two  distinct  characteristic  fracttues;  in 
some  places  the  fracture  is  coarsely  granular  like  sugar,  apparently  crystal 
line,  but  the  grains  under  a  low  power  microscope  show  no  semblance  of 
aystalUne  form,  and  in  other  places  where  the  flow  under  pressure  was 
great,  the  fracture  is  fibrous  with  a  metallic  lustre,  very  much  like  graphite 
in  appearance.  In  spite  of  the  high  pressure  of  formation,  the  mass  of 
the  black  phosphorus  is  permeated  with  pores,  some  of  which  may  be 
several  millimeters  in  diameter.  These  pores  may  at  first  be  filled  with 
kerosene.  The  presence  of  these  pores  doubtless  accounts  for  the  slight 
apparent  increase  in  weight  of  the  specimen  after  the  transformation. 
In  the  endeavor  to  show  that  the  new  substance  was  really  a  new  modifica- 
tion of  phosphorus,  and  not  a  chemical  compound  with  kerosene  or  iron, 
the  total  weight  of  two  samples  was  measiued  before  and  after  the  trans* 
formation.  After  formation,  the  samples  were  dried  by  mechanically 
shaking  the  kerosene  from  the  surface.  The  gain  of  weight  of  each  of 
the  samples  was  about  2%;  too  small  a  gain  to  be  accounted  for  by  the 
formation  of  a  chemical  compound,  and  sufficiently  explained  by  the 
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presence  of  kerosene  in  the  pores.    The  presence  of  such  occluded  kero*- 
aene  was  evident  to  the  sense  of  smell. 

In  ordes-  to  make  the  proctf  still  stronger  that  the  substance  formed 
was  really  a  new  modification  of  phosptonis  and  not  a  oonapoundi^  C.  T, 
Hawkins  very  kindly  made  an  analysis  of  two  samplies  at  the  Chemical 
Laboratory  of  Harvard  Univereity  under  the  direction  of  G.  P.  Baxter, 
These  samples  had  been  broken  into  pieces  about  the  size  of  a  pea  and 
soaked  in  carbon  bisulphide  to  dissolve  the  white  phosphorus,  but  had  not 
otherwise  been  ptuified,  as  by  exhausting  in  vacuum,  for  example.  The 
sense  of  smell  showed  some  kerosene  still  present  The  results  of  the 
analysis  are  as  follows: 

Wt.  of  black  Wt.  of  Per  cent 

phosphorus.  MgsPsOr.  phosphorus. 

0.1622  0.5669  97.5 

0.1754  0.6182  98.3 

The  first  sample  was  treated  by  dissolving  in  concentrated  nitric  add 
and  the  second  in  fuming  nitric  acid.  Preliminary  attempts  to  dissolve 
the  phosphorus  in  dilute  nitric  acid  showed  that  under  these  conditions 
a  large  part  of  the  phosphorus  was  lost  as  vdiatile  matter  during  dissolu- 
tion. The  amount  of  carbon  present  in  the  sample  was  0.4%  or  more. 
No  attempt  was  made  to  analyze  the  other  i  .5%  of  impurity,  which,  in 
all  probability,  was  water  or  kerosene.  A  measurement,  to  be  given 
later,  of  the  magnetic  properties,  shows  no  trace  of  iron.  The  fact  that 
the  total  impurity  is  less  than  2%,  and  that  at  least  some  of  this  impurity 
is  accounted  for,  makes  it  absolutely  certain  that  we  have  here  another 
modification  of  phosphorus  and  not  a  chemical  compound. 

The  most  striking  difference  between  the  new  black  phosphorus  and 
previously  known  modifications  is  its  high  density.  The  density  of 
ordinary  soUd  white  phosphorus  is  x.83,  and  that  of  red  phosphorus 
may  vary  according  tothe  method  of  preparation  from  2 .  05  to  a  maximum 
of  2 .34  for  Hittorf's  "metallic"  crystallized  red  phosphorus.  Nine  deter- 
minations of  the  density  of  different  specimens  of  black  phosphorus 
were  made;  several  of  these  were  determinations  of  fairly  large  pieces  by 
weighing  under  water,  and  several  were  determinations  by  the  suspension 
method,  using  a  mixture  of  bromoform  and  carbon  tetrachloride.  The 
density  of  the  large  pieces  varied  widely  because  of  the  effect  of  pores; 
the  minimum  density  found  by  weighing  in  water  was  2 .47  and  the  maxi- 
mum was  2 .  654.  The  suspension  method,  of  cotu'se,  gives  more  accurate 
results.  The  specimens  measured  by  this  method  had  been  grotmd  in  a 
glass  mortar  and  ptuified  by  soaking  in  several  changes  of  carbon  disul- 
phide  for  several  days,  exhausted  in  vacuum  at  100**,  boiled  in  four  or  five 
changes  of  distiUed  water  for  eight  hours,  and  exhausted  in  vacuum  at 
140^  for  several  hours.  Furthermore,  the  air  was  exhausted  from  the 
pores  while  the  phosphorus  was  in  the  suspending  hquid.    Two  different 
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spedmens  prepared  by  this  method  gave  absohitely  concordant  results 
for  the  density,  2.691  at  room  temperature.  The  minimum  density 
ioimd  by  the  suspension  method  for  latiger  pieces  less  carefully  purified 
was  2 .66.  We  siccordingly  accept  the  value  2 .691  as  the  true  density  (A 
black  phosphoms,  a  value  15%  higher  than  that  of  the  most  dense  variety 
of  red  phosphorus.  The  conclusion  is  inescapable  that  this  is  a  new 
modification  of  phosphorus,  quite  distinct  from  red  phosj^orus  and,  be- 
cause of  its  higher  density,  presumably  a  mcx-e  stable  form. 

Black  phosphorus  does  not  catch  fire  spontaneously,  can  be  ignited 
with  difficulty  with  a  match,  and  may  be  heated  to  perhaps  400^  in  the  air 
without  spontaneous  ignition.  Unlike  commercial  red  phosphorus,  it 
cannot  be  ignited  by  striking  with  a  hammer  on  an  anvil.  It  is  ahnost,  if  not 
entirely,  stable  in  the  air.  It  was  discovered  in  the  summer  time;  pieces 
of  the  unpurified  phosphorus  which  had  remained  for  several  months 
freely  exposed  to  the  air  of  the  room  were  observed  to  collect  a  thin  film 
of  moisture,  probably  phosphoric  add,  as  red  phosphorus  is  known  to 
do.  But  several  purified  specimens,  left  for  six  months  exposed  to  the  air 
of  the  room  during  the  cxAd  half  of  the  year,  have  collected  no  moisture 
whatever.  It  may  be  that  the  difference  was  due  to  the  difference  in  at- 
mo^heric  conditions  at  different  times  of  the  year,  but  more  likely  the 
effect  was  due  to  impurity,  and  pure  black  phosphorus  is  absolutely  stable 
m  air.  A  few  simple  tests  seemed  to  show  that  it  is  much  like  red  phos- 
phorus in  chemical  properties;  it  is  attacked  by  cold  nitric  acid,  is  not  acted 
on  appreciably  by  sulftuic  add,  and  is  not  dissolved  by  carbon  disulfide. 

When  black  phosphorus  is  heated  in  a  dosed  glass  tube  it  vaporizes 
and  condenses  in  the  colder  parts  of  the  tube  to  red  and  white  phosphorus. 
The  appearance  under  these  conditions  is  exactly  the  same  as  when  red 
phosphorus  is  similarly  treated.  It  would  seem,  therefore,  that  the  vapors 
of  black  and  red  phosphorus  are,  at  least  in  large  part,  identical.  The 
vaporization  from  black  phosphorus  is  slow,  as  it  is  also  from  red  phos- 
phorus. If  distillation  from  the  hot  to  the  cold  parts  of  the  tube  is 
pushed  to  completion  by  heating  for  several  hours,  the  black  phosphcMUS 
leaves  behind  it  a  very  fine,  feathery,  black  residue,  which  is  unaltered  by 
further  heating  the  glass  to  redness.  This  residue  is  in  all  probability 
the  slight  impurity  of  carbon  disclosed  by  the  above  analysis. 

Professor  Palache,  of  the  University  Museum,  was  kind  enough  to 
determine  the  mechanical  hardness  of  black  phosphorus  and  to  make 
a  microscopic  examination  for  the  crystalline  form.  The  hardness  is 
about  2.  Under  the  microscope  none  of  the  ground  fragments  show  any 
semblance  of  external  crystalline  form.  The  fragments  are  opaque, 
except  the  most  minute,  which  are  translucent  of  an  olive-brown  color. 
These  very  minute  fragments  between  crossed  nicols  show  extinction 
and  illumination  with  slight  changes  of  color  in  perpendicular  directions. 


Digitized  by  VjOOQIC 


1352  P.  W.  BRJPGIIAN. 

Black  phosphorus  is,  therefore,  unmistakably  caystalline,  and  the  crystal 
system  is  not  regular;  the  fragments  are  too  minute  to  permit  any  further 
specification  <rf  the  system.  That  the  crystalline  structure  should  be 
very  minute  is  what  one  would  expect  from  the  rapidity  of  formation 
and  the  great  distortion  during  formation  under  high  pressure;  in  fact  it  is 
rather  surprising  that  there  should  be  any  crystalline  structure  on  a  scale 
large  enough  for  microscopic  detection. 

The  specific  heat  of  black  phosphorus  was  determined  by  the  method 
of  mixtures,  using  about  40  g.  of  the  ground  and  purified  substance.  Sev- 
eral preliminary  determinations  gave  results  near  those  finally  obtained,, 
but  the  proportions  of  the  apparatus  were  not  good.  Two  final  deter- 
minations with  improved  apparatus  gave  0.17 16  and  0.1685,  mean  0.1  yog. 
cal.  per  g.,  as  the  average  specific  heat  at  constant  pressure  over  the 
range  from  30^  to  100^.  One  of  the  reasons  for  making  the  specific  heat 
determination  was  that  it  might  give  an  idea  as  to  the  relative  stabihty 
of  black  and  red  phosphorus.  Analogy  with  other  substances  would  lead 
us  to  expect  that  the  more  stable  form  would  have  the  lower  specific  heat. 
The  specific  heat  of  red  phosphorus  between  15^  and  98°  has  been  found 
to  be  o.  170  by  Regnault,  and  Wigand  has  fotmd  o.  183  for  the  range  o^ 
to  51  ^  and  0,212  from  o®  to  134^  The  agreement  between  these  values- 
for  red  phosphorus  is  not  good,  due  in  part  to  the  different  sources  of  the 
material,  but  there  can  be  little  doubt  that  the  correct  value  is  above 
0.170.  It  is  unfortunate  that  Hittorf's  ''metallic"  red  phosphorus  can- 
not be  obtained  in  sufficient  quantities  for  a  determination  of  its  speci&c 
heat,  because  this  is  apparently  the  only  variety  of  red  phosphorus  with 
definite  properties.  The  evidence  afforded  by  the  ^)ecific  heats  is  not 
very  valuable,  therefore,  but  such  as  it  is  would  indicate  that  black  phos- 
phorus is  a  form  of  greater  stability  (greater  entropy  content)  than  red 
phosphorus. 

Black  phosphorus  is  a  fairly  good  conductor  of  electricity,  in  distinc- 
tion from  white  and  red  phosphorus,  which  in  the  pure  state  seem  to  be 
nearly  perfect  insulators.  It  is  usually  stated  in  tables  that  white  phos- 
phorus is  a  perfect  insulator,  but  that  red  phosphorus  has  some  conducting 
power.  This  is  on  the  authority  of  Faraday.  The  conductivity  of  red 
phosphorus  fotmd  by  Faraday  must  have  been  due  to  some  slight  impurity, 
however,  because  very  recently  Stock  and  Stamm^  have  found  that  the 
most  careftdly  purified  Hittorff's  red  phosphorus  is  a  perfect  insulator, 
and  is  therefore  not  at  all  entitled  to  its  usual  appellation  of  "metallic."  The 
specimen  of  black  phosphorus  whose  conductivity  was  meastu-ed  here 
was  selected  from  aU  the  available  pieces  for  its  great  apparent  compact- 
mess.  It  was  prepared  by  turmng  in  a  lathe,  leaving  for  the  final  test  a 
cylindrical  piece  about  1.52  cm.  in  diameter  and  2.69  cm.  long.  The 
1  A.  Stock  and  B.  Stasnin,  Ber,,  36, 3497-3513  (1913)- 
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dectxodes  were  attached  by  copper  plating  terminals  on  the  plane  ends 
and  soldering  copper  wires  to  the  copper  plating.  It  is  possible  in  this 
way  to  make  somewhat  better  contact  than  by  using  a  contact  with 
mercury,  even  when  the  surfaces  are  freshly  scraped  under.mercory.  The 
temperature  coefficient  of  resistance  was  found  between  o^  and  75^  in 
an  «1  bath  with  thermostat  regnlation.  There  may  be  some  slight  error 
introduced  by  imperfect  contact  at  the  copper  plating*;  the  plating  is  not 
firmly  adherent  as  to  a  metal  stirface,  but  may  be  pulled  off  with  the  fin- 
gers. However,  this  error  can  be  only  dight,  as  is  shown  by  the  nearly 
perfect  return  of  the  resistance  to  its  zero  reading  after  raising  the  t«n- 
perature  to  75^.  The  character  of  the  conduction  is  entirely  metallic; 
there  is  not  the  slightest  polarization  effect  on  closing  or  opening  the  dr* 
cuit.  Measiu-ements  of  the  resistance  were  made  on  a  Carey  Foster 
bridge,  using  a  current  through  the  phosphorus  not  greater  than  o.  2  amp. 
The  value  found  for  the  spedfic  resistance  is  o.  71 1  ohms  per  cm.  cube  at 
o®.  The  temperature  coefficient 
of  resistance  has  a  large  negative  ^^ 
value,  and  between  o^  and  75® 
the  relation  between  temperattue 
and  resistance  is  nearly  Ifaiear.  .81^ 
Fig.  3  shows  the  relation  between 
temperature  and  resistance  over 
this  range.  It  is  evident  that 
presently,  at  some  higher  tem-  Fig.  3. — ^The  resistance  in  ohms  of  a  cylinder 
perature,  the  curve  must  depart  ®^  ^^^^k  phosphorus  as  a  function  of  tempera- 

from   linearity.     The    tempera-  ^-     ^?^'^  ^*^.  ^^  ^^^^«^  ^^""^^ 

„  .     "^    -  '^      o  rapidly  with  increasing  temperature. 

ture  coemaent  of  resistance  at  o    * 

is  — 0.00465;  this  is  an  unusually  high  value,  higher  than  for  any 
substance  usually  listed.  It  is  about  10  times  higher  than  for  carbon, 
and  makes  it  practically  certain  that  the  small  amotmt  of  carbon 
known  to  be  present  cannot  be  taking  a  large  share  in  the  conduc- 
tion. It  should  be  remarked  that  in  respect  to  the  sign  of  the  tem- 
perature coefficient  black  phosphorus  is  not  like  the  metals.  The  speci- 
men of  blade  phosphorus  whose  resistance  was  meastu'ed  contained,  like 
ail  large  pieces,  a  number  of  fine  pores,  as  is  shown  by  the  low  value  of  its 
denaty,  2.562.  About  5%  of  the  total  volume  must  have  been  occupied 
by  pores^  therefore.  Precisely  what  effect  these  pores  would  have  on  the 
value  of  the  specific  resistance  is  uncertain,  because  the  shape  of  the  pores 
makes  a  difference,  but  hi  any  event  the  specific  resistance  of  pure  black 
phosphorus  must  be  somewhat  lower  than  that  given  above. 

It  may  pay  to  pause  here  to  take  thought  of  this  conductivity  of  black 
phosphorus.  Here  is  a  substance  which  in  two  modifications  possess 
no  electrical  conductivity,  but  in  some  way,  when  the  atoms  are  rear- 
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ranged  more  dosely  together,  sets  free  electrons  and  becomes  a  conduc- 
tor. It  would  seem  to  point  to  some  more  deep-seated  change  than  a 
mere  rearrangement  of  atoms;  possibly  the  electrons  are  squeezed  out 
of  the  atoms  by  their  great  propinquity.  Phosphorus  is  not  the  only 
example  of  this;  graphite  and  carbon  are  another  case  in  which  the  vohime 
relations  of  phos|^orus  are  reversed.  But  in  any  event,  this  is  a  signifi- 
cant fact  for  contemplation. 

As  we  might  expect  from  its  electrical  conductivity,  black  phosphorus 
is  also  a  rather  good  conductor  of  heat.  Observations  of  the  thermal 
conductivity  were  of  the  roughest  qualitative  nature;  when  soldering 
the  leads  to  the  copper  plated  terminals  the  entire  mass  of  phos- 
phorus rapidly  became  too  hot  to  hold  in  the  hand,  very  much  more  rapidly 
than  would  a  piece  of  glass,  for  example. 

The  magnetic  permeability  of  black  phos|^orus  was  very  kindly  de- 
termined in  the  laboratory  by  H.  C.  Hayes.  It  is  feebly  diamagnetic; 
less  diamagnetic  than  either  red  or  white  phosphorus.  He  found  for  two 
specimens  the  values  — 0.27  and — 0.29  X  10" •.  This  diamagnetism 
makes  it  evident  that  any  impurity  of  iron  can  be  present  only  in  ex- 
cessively minute  quantities. 

The  Relation  of  flie  Several  Modifications. 

The  most  important  problem  connected  with  this  new  modification  is 
the  determination  of  its  relation  to  the  other  known  modifications  of 
phosphorus.  It  was  hoped  that  the  existence  of  this  new  modification 
might  offer  some  due  to  the  vexed  question  as  to  the  true  nattu^  of  red 
phosphorus.  Some  facts  of  importance  have  been  found,  but  the  exact 
natiu-e  of  the  rdationship  has  not  yet  been  discovered.  In  the  course 
of  the  investigation  red  phosphorus  wais  prepared  in  a  somewhat  unusual 
way,  and  was  found  to  have  slightly  different  jM-operties  from  the  usual 
varieties.  The  rest  of  this  paper  will  contain  a  description  of  this  new 
red  phosphorus  and  of  the  experiments  to  determine  the  relation  of  the 
different  modifications  to  each  other.  • 

It  seemed  reasonable  to  expect  that  black  phosphorus  might  be  pre- 
pared by  the  application  of  pressures  lower  than  12,000  kg.  at  tempera- 
tures considerably  higher  than  200**.  It  is  surprising  that  no  experi- 
ments seem  ever  to  have  been  made  on  phosphorus  at  high  temperatures 
at  pressiu*es  higher  than  its  own  vapor  pressure.  A  long  steel  cylinder, 
about  ^l\  inch  in  inside  diameter,  was  made  for  the  attempt  at  higher  tem- 
peratiu-es.  The  lower  end  of  the  cylinder,  which  was  to  contain  the  phos- 
phorus and  was  to  dip  unto  a  bath  of  molten  lead,  was  closed  by  a  packing 
device  of  copper  rings,  much  like  the  packing  recently  described.*  The 
upper  end  of  the  cylinder  projected  far  enough  beyond  the  lead  bath  so 
that  it  could  be  kept  cool  with  water,  and  connection  was  made  at  this  end 
*  P .  W.  Bridgman,  Proc.  Am.  Acad.,  49,  627-643  (1914). 
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iviOt  a  CaiUetet  pump  givkig  looo  kg.    In  the  first  experioieiit,  commer- 
cial red  phosphorus  powder  was  placed  in  a  trap  with  a  seal  of  fusible 
solder  coutaining  50%  bismuth  in  the  lower  part  of  the  cylinder,  and  ex- 
posed to  a  dull  red  heat  at  400  kg.  for  30  minutes.    On  cooling  and  re- 
leasing pressmie,  the  red  phosphorus  was  found  completely  permeating 
the  solder.    The  appearance  was  that  of  a  solidified  emulsion.    Evi- 
dently at  the  high  temperature  the  red  phosphorus  had  dissolved  in  the 
solder  and  separated  out  on  cooling.    If  any  of  the  crystallized  Hittorf 's 
jdiosphonis  was  formed,  it  must  have  been  in  very  small  quantity,  al- 
thou^  a  fairly  large  yield  might  be  expected  under  the  conditions  of  high 
pressure.    In  a  second  experiment;  in  order  to  avoid  the  solvent  action 
of  the  solder  at  the  high  temperatures,  pressure  was  transmitted  difectly 
to  a  specimen  of  fed  phosphorus  by  a  heavy  tempering  oil.    This  was 
heated  and  pressure  appUed  as  in  the  first  experiment.    The  white  phos- 
phorus changed  to  red  almost  immediately,  judging  by  the  sudden  drop 
of  pressure*  but  there  was  no  further  change    The  cylinder  was  found 
filled  with  red  phosphorus  and  the  soft  charred  residue  of  the  tempering 
oil.    In  a  third  attempt,  ordinary  white  phosphorus  ¥ras  placed  under 
water,  and  heated  as  before  to  a  dull  red,  pressure  being  transmitted  by 
the  water.    In  this  run,  pressure  was  kept  at  850  kg.  for  6  hrs.,  then  raised 
to  950  kg.  for  I V4  hrs.,  and  then  raised  to  a  maximum,  looo,  for  10  or  15 
minutes.    After  this  time  at  the  maximum  pressure,  a  slight  leak  developed 
owing  to  the  stretching  of  the  3teel.    The  cylinder  was  immediately  re-, 
moved  from  the  lead  bath  and  plunged  into  cold  water     The  white  phos- 
phorus was  found  entirely  transformed  into  a  bright  brick-red  variety, 
compact,  and  with  no  evident  trace  of  White  phosphorus.    This  is  what 
one  would  expect  from  the  high  pressure  of  formation;  during  the  cooling 
there  was  no  chance  for  any  of  the  red  phosphorus  to  vaporize  and  con- 
dense as  white.    The  red  phosphorus  f>repared  in  this  way  shows  in 
general  a  bright  red  fractture,  but  when  scratched  with  a  knife  or  a  piece 
of  ^ass  shows  a  gray  metallic  streak.    Furthermore,  there  are  isolated 
patches  throughout  the  mass  where  the  fracture  shows  black,  as  if  the  trans- 
formation to  black  had  begun  here.    The  density  of  fairly  large  piooes 
of  the  red  fdiosphorus  is  2 .  26,  but  the  density  of  the  smallest  heaviest 
pieoes  (these  heetviest  pieces  were  bright  red  in  color)  was  found  by  the 
suspension  method  to  be  2.387>  a  value  higher  than  for  Hittorf's  "metal^ 
He"  phosphorus  (2.34)  or  even  for  the  ''phosphore  pyromorphique"  of 
Jcdibois^  (2 .37),  about  which  there  seems  to  be  some  doubt. 

This  red  phosphorus  was  purified  by  the  same  method  as  the  black 

phosphorus,  although  no  impurity  could  be  detected  in  it.     When  heated 

in  a  closed  tube  it  vaporizes  and  condenses  to  red  and  white  phosphorus 

»  P.  JoKbois,  Compt,  rend.,  149,  287-289  (1909);  iS^i  382-3S4  (1910).  ' 
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in  the  same  way  as  the  ordinary  commercial  red  phosphorus^.  It  leaves 
noresMne. 

Red  phosphorus  of  the  same  bright  ted  color  may  also  be  prepared  by  heat- 
ing- commercial  red  phosphorus  under  its  own  vapor  pressure  to  a  high 
temperature  (almost  a  ydlow)  in  a  heavy  nidcd  steel  bomb.  This  bright 
red  preparation  shows  the  same  gray  metallic  streak  when  scratched  as 
that  prepared  at  a  higher  presstu'e  and  lower  temperature.  It  is  barely 
possible  that  the  bright  red  color  of  these  two  preparations  is  due  to  a 
minute  impurity  of  iron,  since  both  of  these  specimens  were  directly  in 
contact  with  the  steel  walls  of  the  cylinder.  Red  phosphorus  heated 
under  its  own  vapor  pressure  in  a  glass  vessel  to  a  lower  temperature 
does  not  assume  this  bright  red  color.  However,  the  iron  present  must 
be  very  minute  in  quantity,  because  the  bright  red  phosphorus  can  be 
evaporated  without  sensible  residue. 

Apparently,  the  physical  information  most  important  for  a  determina- 
tion of  the  relation  of  led  and  black  phosphorus  is  a  knowledge  of  the 
vapor  pressures.  The  best  way  to  measure  the  vapor  pressure  would 
be  by  use  of  a  quartz  membrane,  but  in  the  absence  of  the  proper  appara- 
tus, two  attempts  were  made  with  other  methods.  The  first  was  by  a 
method  due  to  Hittorf,^  and  apparently  not  used  since.  The  phosphorus 
under  investigation  is  placed  in  the  sealed  short  arm  of  a  U-tube,  which 
is  closed  below  by  a  column  of  molten  metals  as  bismuth  or  lead,  which 
exerts  no  api»eciaMe  vapor  pressure  at  the  temperatiue  in  question,  as 
would  itiereury.  The  free  surface  of  the  metal  in  the  long  arm  of  the 
U  is  acted  on  by  gas  pressure,  which  may  be  measured  at  room  tempera- 
ture with  an  ordinary  mercurial  manometer.  This  original  design  of 
Hittorf's  was  so  modified  as  to  give  the  difference  of  vapor  pressure  of 
the  two  modifications,  by  putting  red  phosphorus  in  the  one  arm  and 
black  phosphcMiis  in  the  other  arin  of  the  sealed  U  and  observing  the  dif- 
ference of  level  of  the  columns  of  melted  metal  on  the  two  sides.  The  first 
measurement  at  the  temperature  of  the  vapor  of  boiling  sulfur  showed  a 
greater  vapor  pressure  over  the  red  phosphorus  by  at  least  7  or  8  cm.  of 
mercury.  But  later  attempts  with  a  modified  apparatus  to  get  the  vapor 
pressure  of  the  two  modifications  separately  gave  values  much  too  high. 
There  must  be  some  chemical  action  between  the  phosphorus  and  the 
molten  solder.  Hittorf  found  the  same  thing,  although  his  results,  using 
bismuth  instead  of  a  solder  of  tin  and  lead,  were  too  low  rather  than  too 
high.  In  any  event,  there  is  apparently  no  metal  melting  within  the 
im>per  range  that  is  without  chemical  action,  and  this  attractively  sim- 
ple method  had  to  be  abandoned. 

The  method  finally  used  is  also  one  originally  due  to  Hittorf.  A  small 
piece  of  phosphorus  is  enclosed  in  an  evacuated  tube  of  known  volume  and 
»  W.  Hittorf,  Pogg.  Ann.,  136,  193-228  (1865). 
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ktted  to  tbe  desired  temperature.  After  heating  long  eoough  to  nuke 
sore  tbat  the  vapor  has  reached  its  mftyimnin  pressure,  the  tube  is  i^emoved 
from  tbe  bath  and  allowed  to  cool  quiddy  at  the  temperature  of  the  room. 
Ihe  phosphorus  vapcM*  condenses  on  the  sides  of  the  tube  as  white  pbos- 
pfaoros,  and  its  amount  may  be  determined  either  by  dissolving  it  in  CSi , 
as  did  Hittoarf ,  or  probably  with  greater  accuracy  by  determinit%  the  loss 
d  weight  of  the  original  specimen.  The  vapor  pressure  is  then  com- 
puted, assuming  that  the  molecule  of  phosphorus  vapor  is  4-atomic  This 
Tabe  ot  the  mcdecular  weight  seems  to  be  established  beyond  doubt 
for  the  temperature  range  used  here.^ 

DeterminatioiK  of  the  vapor  pressure  of  red  and  black  phosphorus 
were  made  in  this  way  at  the  temperatures  of  boiling  mercury  and  sul- 
fur. It  is  essential  that  the  temperature  of  the  tube  be  constant^  as  is 
ensured  by  a  vapor  bath,  or  else  there  will  be  a  continued  distillation  bom 
the  hotter  parts  to  the  cooler  parts  with  condensation  in  the  form  of 
led  phosphorus*  gi'^ing  too  hij^  a  computed  vapor  pressure.  •  The  tern- 
perature  was  sufficiently  uniform  during  these  experiment^  'for  no  con- 
densed red  phosphorus  was  found.  Care  was  taken  to  avoid  any  poss^bk 
distiUation  dtoing  warming  to  the  temperattn^  of  the  bath  by  placing 
te  tube  suddenly  in  the  vapor  after  boiling  had  been  going  on  for  some 
time. 

Tabus  n.— Vatok  FkiBsauiui  of  PBOsraoavs  m  Of.  o»  MHkcxmv. 

p.  W.  Bi&dgm«L  W.  Bitiori.  _       • 
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The  results  are  shown  in  Table  11,  together  with  those  of  previous  ob- 
servers. The  agreement  of  the  previous  results  is  not  go4d,  but  in  general 
the  conclusion  is  justified  that  the  vapor  pressiu-e  of  black  phosphorus 

*  A.  Stock,  G.  E.  Gibson  and  E.  Stamm,  Ber.,  45,  3527-3539  (1912). 
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id  less  than  that  of  the  den^  t^d  varicfty,  which  in  its  turn  is  less  than 
that  found  by  other  observers  fof  ordinary  red  or  metallic  phosphorus. 

The  conclusion  that  would  be  drawn  from  the  vapor-pressure  measure- 
ments, therefone,  is  that  blade  phosphorus  is  a  more  stable  form  than 
any  of  the  other  varieties.  But  an  observation  on  the  remarkable  be- 
havior of  black  and  red  phosphorus,  when  heated  together,  makes  it 
probable  that  the  vaporization  of  phosphorus  is  a  very  compUcated  pro- 
cess and  that  conclusions  as  to  relative  stability  drawn  from  vapor-pressure 
observations  must  be  accepted  with  some  reservation.  If  red  and  black  phos- 
phorus are  heated  together  in  a  sealed  tube,  one  would  expect  the  red,  which 
has  the  greater  vapor  pressure,  to  distil  and  condense  to  the  black,  whkhhas 
the  smaller  vapor  pressure,  just  as  water  subcooled  below  zero  will  vapor- 
ize and  condense  as  ice.  Three  trials  of  this  were  made.  Once  tied  and 
black  pholjphorus  were  heated  tog^iier  in  an  exhausted  tube  to  about 
380^  for  5  da3rs,  9  hoturs  a  day,  with  no  increase  in  the  blade  visible  to  the 
eye.  For  the  second  trial  they  were  heated  together  at  445  ^  (sulfur  vapor) 
for  6  hours  with  no  gain  of  the  black  phosphorus,  but  rather  a  loss  of  o .  005  g. , 
whidi  is  of  the  order  of  magnitude  that  it  would  lose  from  its  own 
vaporization  in  a  spaoe  of  the  size  used.  For  the  third  trial,  red  and  blade 
phosphorus  were  heated  together  in  an  exhausted  tube  for  20  minutes 
at  a  temperature  of  about  620^,  suffident  to  start  the  mdting  of  the  red 
phosphorus,  but  with  no  visible  increase  of  the  black  at  the  expense  of  the 
red.  This  experiment  will  be  referred  to  again  later.  This  strange  be- 
havior of  black  and  red  phosphorus  recalls  certain  observations  made  by 
previous  experimenters,  but  which  do  not  seem  to  have  been  rated  at  their 
full  significance.  If  red  phosphorus  is  heated  in  a  dosed  space  to  a  given 
temperature  it  will  give  off  vapor  until  a  definite  pressure  is  reached, 
and  if  it  is  then  heated  higher  it  will  give  off  more  vapor  until  a  greater 
pressure  is  reached.  But  if  now  the  vapor  is  cooled,  the  pressure  does 
not  retrace  its  original  course,  but  instead  lags  behind.  This  observation 
has  been  made  by  Preuner  and  BrockmiUler,^  and  there  is  also  one  by  Hit- 
torf '  which  amounts  to  the  same  thing.  Hittorf  found  with  his  U-manom- 
eter  that  a  greater  pressure  was  required  to  produce  condensation  than 
could  be  produced  by  the  spontaneous  vaporization  of  red  phosphorus 
at  the  same  temperature.  At  445  °  he  found  that,  within  limits  of  pressure 
1.5  atm.  apart,  there  was  ndther  vaporization  from  the  solid  nor  con- 
densation from  the  vapor.  Certainly,  therefore,  the  vaporization  of  red 
phosphorus  cannot  be  explained  by  the  simple  process  which  we  suppose 
holds  for  the  ordinary  vaporization  of  liquids,  which  we  regard  as  a  kinetic 
equilibrium  between  streams  of  molecules  leaving  and  approaching  the 
surface  of  separation  between  the  two  phases.    The  recent  work  of  Stock 

^  G.  Preuner  and  I.  Brockmiiller,  Z.  phys.  Chem.,  81,  129-170  (1913). 

«  W.  Hittorf,  Loc.  cU. 
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aadStamm^  brings  dearly  to  light  the  complicated  nature  of  the  vaporiEa- 
doo  process.  Probably  vaporization  is  a  combination  of  a  true  vaporiza- 
tioo  in  the  ofxiinary  sense  at  the  immediate  surface  with  a  speedy  irre- 
icrsbfe  process  of  combination  between  the  molecules  in  the  vapor  phase. 
It  is  this  irieversiMe  process  in  the  vapor  that  eyplatns  why  the  vapors 
of  red  and  white  fdiosplumis  are  nearly,  if  not  quite,  identical,  altibiougfa 
we  have  every  reason  to  beUeve  that  the  mcdecules  of  scdid  red  and  white 
pbo^ihoms  are  different. 

The  faifave  of  Uack  phosphcuits  to  grow  at  the  expense  of  red  points  to 
a  similar  complicated  vaporization  process  at  the  surface  of  black  phos- 
pboms.  The  vapor  furnished  by  the  red  phosphcMiis  is  at  a  higher  pressure 
than  that  given  off  by  the  black.  Failure  to  grow  singly  means  that  the 
vapor  of  Mack  phosphorus  would  not  condense  on  its  own  surface  at  the 
degree  at  snperpressure  equal  to  that  gtvesi  by  the  vapor  of  red  phosphorus. 
It  would  be  interesting  to  see  if  the  reverse  ccmdensation  ot  the  vapor  to 
bbck  phosphorus  could  be  brought  about  by  any  process;  it  is  quite 
I&cly  that  condensation  to  red  would  always  occur  first. 

Several  eacperiments  were  also  made  to  determine  the  mutual  relations 
of  bbck  and  red  phosphorus  in  the  liquid  pbBse.  The  experimental 
(hfficolties  are  somewhat  greater  here  than  in  the  previotts  experiment, 
because  at  the  hig^  temperattu^  of  the  melting  point,  about  6io^,  and  the 
comparatively  high  vapor  pressure.  It  is  only  comparatively  recently 
that  g^ass  has  been  nuunif actured  that  will  stand  the  vapor  pressure  of 
phoq^^ionis  at  its  triple  point,  and  there  is  no  glass  that  will  stand  a  much 
higher  temperature.  Several  attempts  were  made  in  the  endeavor  to 
avoid  this  diifictdty  in  one  way  or  another.  In  the  first  attempt,  black 
phosphorus  was  heated  to  a  bright  red  (perhaps  750^)  in  water  vapor  in  a 
steel  cylinder  at  a  pressure  at  700  kg.  The  experiment  was  not  regarded 
IS  successful  because  at  partial  chemical  action  between  the  phosphorus 
tad  the  water  vapor.  The  indications  were,  however,  that  the  black 
phosphorus  had  melted  and  solidified  to  ned.  A  second  experiment  in 
vhich  pressure  was  transmitted  to  the  phosphorus  by  nitrogen  compressed 
to  700  Iq^.  also  vras  not  successful,  because  of  distilling  of  phosphorus 
to  the  colder  parts  of  the  apparatus  and  condensing  as  yellow.  It  was 
somewhat  of  a  surprise  that  the  high  pressure  of  the  nitrogen  did  not  more 
cfectivdy  prevent  condensation.  Finally,  in  order  to  avoid  all  chemical 
Ktion,  the  phosphorus  was  placed  in  exhausted  capsules  of  Jena  combus- 
tiofitiibing,  which  were  placed  in  the  steel  cylinder  and  heated  in  an  atmos* 
phere  of  nitrogen  compressed  sufficiently  to  prevent  the  capsule  from 
cipbding  under  the  vapor  pressure  of  the  phosphorus  within.  Theseexperi- 
amts  were  successful,  and  definitely  established  several  points.  In  the  first 
pboe,  black  phosphorus  may  be  melted  atabrightred  heat.  When  cooled, 
>  A.  Stock  and  E.  Stamm,  Loc.  cU, 
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the  black  phosphonis  is  found  soUdified  to  a  glassy  mass*  of  density  2. 18, 
of  a  chocolate-brown  color,  identical  in  appearance  with  that  obtained 
when  red  phosphorus  is  similarly  treated.  In  fact,  there  is  no  reason  to 
suppose  that  the  melts  of  black  and  red  phosphcmis  are  not' identical. 
The  minimnm  pressure  of  the  nitrogen  during  this  run  was  150  kg.,  and 
it  was  increased  slowly  during  the  heating  to  a  maximum  of  400  kg.  After 
the  run,  the  glass  capsule  was  found  to  have  been  expanded  by  the  vapor 
pressure  within,  in  fact,  expanded  with  enough  force  to  stretdi  a  thin 
steel  shell  which  contained  it.  The  pressure  of  the  vapor  must,  there- 
fore, be  considerably  above  150  kg.,  and  is  probably  in  the  neighborhood 
of  300  kg.  at  a  bright  red.  In  a  seccmd  experiment,  red  and  blade  phos- 
phorus were  placed  together  in  the  capsule  and  heated  for  about  20  minutes 
to  620^.  The  temperature  was  read  with  a  p3rrometer,  but  there  is  possi- 
bility of  error  in  the  exact  temperature.  The  red  phosphorus  (this  was 
the  bright  red  phosphorus  formed  as  menticmed  above  at  a  dull  red  at 
900  kg.)  had  partially  melted  and  solidified  to  a  chocolate-brown  mass. 
The  black  phosphorus  showed  no  signs  whatever  of  melting,  but  had  lost 
its  bright  metalUc  luster.  There  was  no  trace  of  condensatiim  of  the 
vapor  of  the  red  on  the  surface  of  the  blade.  The  external  pressure  in 
the  nitrogen  was  kept  constant  for  this  experiment  at  150  kg»  The  mdting 
point  of  black  i^iosphorus  is  therefore  probably  somewhat  higher  than 
that  of  red.  A  third  experiment  was  made  in  the  endeavor  to  heat  the 
phos{diorus  hot  enough  to  midt  the  red  but  not  hot  enough  to  nidt  the 
black.  If  the  red  and  the  black  stand  to  each  other  in  the  relation  jof  un- 
stable and  stable  solids  of  the  same  liquid^  then  it  mi^t  be  expected  that 
the  entire  mass  of  the  red  would  be  transformed  into  blade  thresh,  the 
liquid.  The  experiment  was  unsuccessful,  however;  both  black  and  red 
had  mdted  together  to  the  same  glassy  mass.  Evidently,  if  this  experi- 
ment is  to  be  successfully  performed,  the  temperature  mu^  be  capable 
of  more  accurate  adjustment  than  was  possiUe  with  the  crude  means 
at  hand. 

Two  experiments  made  at  high  pressures  may  be  mcntioaed  also  as 
pOB^biy  throwing  some  light  on  the  problem.  The  first  wlis  an  attempt 
made  before  the  existence  of  black  pho^horus  was  known;  White  phos- 
phorus was  compressed  to  30,000  kg.  at  room  temperature  for  15  hours 
without  result.  One  would  almost  expect  that  black  phosfdiorus  would 
have  been  formed  at  this  high  pressure.  The  second  expesriment  was  made 
unintentionally  while  determining  the  freezing  curve  of  ordinary  white 
phosphorus.  Successful  measurements  of  the  freezing  pressure  had  been 
made  up  to  150°,  and  a  run  had  been  begun  at  175^  with  every  proq)ect 
of  success,  when  the  character  of  the  mdting  changed  suddenly  from  that 
of  a  pure  liquid  to  that  of  a  Uquid  with  a  dissolved  impurity.  There  was 
a  pronoimced  rounding  of  the  comers  of  the  curve  giving  the  change  of 
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Tckna^  as  a  ftmction  of  pressure.  The  impurity  did  not  increase  with 
time,  but  stayed  constant  after  it  had  oooe  farmed.  This  was  shown  by 
the  fact  that  the  melting  curve  coukL  be  retriEu:ed.  On  examining  the 
phosphorus  after  the  run,  it  was  found  of  a  bright  orange  color.  The 
effect  was  in  all  pfx>bability  due  to  the  formation  of  a  slight  quantity  of 
red  phosphcnus  at  the  high  pressure  (5000  kg.)  and  temperature,  which 
then  dissolved  in  the  white  phosphorus.  It  has  been  many  times  suggested 
that  the  varieties  of  red  phosphorus  formed  at  low  temperatures,  as 
Scfaenck's,  for  example,  are  really  solutions  of  one  modification  in  the 
other,  but  this  is  apparently  the  first  direct  proof  that  such  a  combination 
of  the  two  varieties  really  has  the  properties  of  a  true  solution,  giving  a 
depressed  freezing  point.  The  effect  was  not  found  on  repeating  the  eZ"- 
periment,  but  sharp  melting  curves  were  found  up  to  200^.  If  the  effect 
were  due  to  dissolved  kerosene,  it  would  have  been  found  on  repeating 
the  experiment.  Probably  some  small  accidental  impurity  acted  as  a 
catalyzer  during  the  first  run.  It  is  well  known  that  there  are  a  number 
of  catalyzers  for  the  reaction  from  white  to  red  phosphorus  at  low  tem-^ 
peratures. 

Finally,  in  the  light  of  these  experiments,  some  speculation  may  be 
allowed  as  to  the  probable  nature  of  the  phosphorus  modifications.  The 
problem  of  white  phosphorus  II  need  not  ccHicem  us  here,  for  this  changes 
into  I  by  a  reversible  process,  and  presents  no  greater  difficulties  (which 
are  nevertheless  great  enough)  than  any  polymorphic  transformation. 
The  problem  of  the  nature  of  red  phosphorus  has  chiefly  engaged  atten- 
tion hitherto.  The  most  striking  fact  is  that  the  density  of  red  phosphorus 
varies  according  to  the  temperature  of  formati(Hi.  With  the  exception 
of  Hittorf  s  crystallized  variety,  it  is  obvious  that  red  phosphorus  is  not  a 
single  well  d^ned  substance.  This  has  led  Cohen  and  Olie^  to  suggest 
that  ordinary  red  phosphorus  is  a  mixture  of  white  and  Hittori's  phos- 
phorus in  dynamic  equihbrium,  the  equilibrium  ratio  of  the  two  com- 
pooents  changing  with  temperature.  The  objection  to  this  is  that  a  dense 
phosphorus  formed  at  a  high  temperature  does  not  assume  the  appro- 
priate lower  density  when  maintained  indefinitely  at  a  lower  temperature. 
The  explanation  suggested  by  the  above  experiments  is  that  red  phos- 
phorus is  a  transformation  product  from  white  phosphorus  to  something 
else,  in  which  the  transformation  has  not  run  to  completion,  but  is  pre- 
vented by  friction.  The  distinction  between  frictional  and  viscous 
resistanoe  should  be  kept  in  mind;  viscous  resistance  gradually  decreases 
with  time,  but  a  true  frictional  resistance  never  falls  below  a  certain 
Xiftnfing  valuc.  That  there  should  be  a  true  frictional  resistance  to  the 
reaction  from  one  solid  to  another  is  not  surprising,  and  is,  moreover, 
something  which  has  been  most  strongly  suggested  by  other  experiments 
*  B.  Cohen  and  J.  CHie,  Z.  phys.  Chem,,  71,  1-27  (1910). 
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<m  polymorphic  transformatioiis  between  solids  at  high  pressures.  I  hope 
to  make  this  the  subject  of  a  special  paper. 

That  there  is  a  frictional  resistance  is  also  consistent  with  the  remarkable 
manner  of  change  of  white  to  red  phosphorus.  If  the  change  from  white 
to  red  took  place  by  the  growth  of  a  surface  of  separation  with  a  definite 
velocity,  as  during  the  formation  of  many  crystals,  then  the  h3npothesis 
of  an  incomplete  transition  would  not  be  tenable.  But  apparently  the 
change  from  white  to  red  does  not  take  place  in  this  manner;  it  has  been 
carefully  observed  microscopically  a  number  of  times,  ^  and  nothing  of 
the  nature  of  the  growth  of  a  surface  of  separation  has  ever  been  detected. 
The  method  of  transition  seems  rather  to  be  by  the  formation  of  micro- 
scopic or  sub-microscopic  nuclei,  which  do  not  grow  appreciably  in  size, 
although  some  sort  of  change  whose  nature  has  not  been  determined  does 
go  on  within  the  nuclei.  More  complete  transition  from  white  to  red 
phosphorus  means  the  existence  of  a  greater  number  of  nuclei,  not  an  in- 
crease in  size  of  the  individuals.  If  the  mechanism  of  transition  is  by  the 
formation  of  nuclei,  which  do  not  grow,  it  is  at  least  conceivable  that 
there  should  be  a  frictional  resistance  as  the  space  occupied  by  the  nuclei 
becomes  greater  and  they  come  to  interfere  more  and  more  with  each 
other.  Hie  effect  of  increasing  temperature  is  to  decrease  the  frictional 
resistance  to  transformation  so  that  the  reaction  can  proceed  further. 

The  existence  of  a  frictional  resistance  to  transformation  makes  under- 
standable the  different  densities  of  red  phosphorus  formed  at  different 
temperattu'es,  it  shows  why  we  are  not  to  expect  a  reverse  change  of  den- 
sity on  cooling  to  a  lower  tempo'ature,  it  explains  why  the  solution  of  red 
phosphorus  in  white  at  the  freezing  determination  at  5000  kg.  and  the  low 
temperature  of  175^  was  so  dilute  and  did  not  grow  in  strength,  and  it 
explains  why  red  phosphorus  does  not  show  a  sharp  melting  point  as  would 
be  expected  if  it  were  a  single  pure  substance,  but  instead  melts  over  an 
interval  like  a  solution.^ 

The  transformation,  of  which  red  phosphorus  is  a  part  way  product, 
may  well  be  a  combination  of  two  simpler  transformations.  It  seems  very 
reasonable  to  suppose  that  the  suggestion  of  Wahl'  is  valid;  namely,  that 
in  ordinary  red  phosphorus  we  have  a  mixture  of  amorphous  glassy  red 
phosphorus  with  crystalline  grains.  The  crystallization  of  the  glass  is 
prevented  by  friction,  and  as  the  temperature  rises,  a  lai^ger  part  of  the 
glass  crystallizes,  so  that  the  density  is  higher  as  the  temperature  of  forma- 
tion is  higher.  But  it  is  questionable  whether  all  the  change  of  density 
can  be  explained  in  this  way;  Schenck's  red  phosphorus  has  a  density 
of  2 .05,  whereas  a  glass  formed  in  an  experiment  above  by  rapid  cooling 
'  H.  Siedentopf,  Ber.,  43,  692-694  (1910). 

*  A.  Stock  and  E.  Stamm,  Loc  cii. 

*  W.  A.  Wahl,  Oef.  Fin.  Vet,  Soc,  Fdrh.,  54,  No.  9  (1911-1912). 
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has  a  density  of  2 .  18.  It  is  very  probable  that  in  addition  to  the  effect 
d  Wahl,  we  must  regard  the  glass  itself  as  in  a  var3ring  state  of  transforma- 
tioo. 

The  probleiii  of  the  phenomena  of  vaporization  is  a  complicated  one, 
and  one  which  we  do  not  particularly  need  to  consider  in  this  connection. 
It  has  been  suggested  that  we  probably  have  to  do  here  with  an  irre- 
versible reaction  in  the  vapor  phase. 

With  regard  to  the  relation  between  black  and  red  phosphorus  we  can 
offer  only  conjectures.  It  does  seem  pretty  certain,  however,  that  red 
and  black  cannot  stand  in  the  relation  of  ordinary  monotropic  soUds.  If 
they  did  bear  this  relation,  the  black  must  be  the  more  stable  form,  be- 
cause of  its  lower  vapor  pressure,  and  in  this  case  we  cannot  understand 
the  failure  of  the  red  to  condense  as  black  out  of  its  vapor.  The  fact  that 
the  black  apparently  melts  to  the  same  liquid  as  the  red  is  puzzling.  It 
may  be  that  the  relations  here  are  the  same  as  in  the  vapor  phase;  that  is, 
liqaid  black  phosphorus  may  be  unstable,  and  may  transform  itself  irre- 
versibly to  liquid  red  as  rapidly  as  it  is  ioantd. 

Smnmary. 

Two  new  modifications  of  phosphorus  have  been  found.  The  first  is 
a  new  modification  of  ordinary  white  phosphorus,  possibly  hexagonal, 
with  a  reversible  transition  point  at  atmospheric  pressure  at  about  — 76 . 9  ^. 
The  second  modification,  black  phosphorus,  is  obtained  irreversibly  from 
white  phosphorus  at  12,000  kg.  and  200^.  A  number  of  its  physical  con- 
stants have  been  determined;  particularly  striking  are  its  high  density, 
2.691,  and  fair  electrical  conductivity.  No  attempt  to  transform  either 
white  or  red  to  black  phosphorus  has  been  successful  by  any  other  method 
except  that  above.  Finally,  some  conjectural  explanations  of  the  rela- 
tioiis  of  the  various  modifications  have  been  given. 

Tu  JmwwwMaom  Phyucai,  I^aboiutobt. 
Hasvaso  UKiTsasiTT,  Cambridos,  Mass. 
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The  dissociation  pressures  of  the  chloride,  bromide,  and  iodide  of  am- 
monium and  of  phosphonium  iodide  have  previously  been  measured. 
Hie  methods  used,  and  the  results  obtained  are  discussed  below.  The 
<iis8ociation  pressures  of  the  chloride  and  iodide  of  tetramethylammonium, 
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and  of  phosphorus  pentachloride  have  not  previously  been  determmed. 
The  present  observations  were  made  partly  to  supply  data  required  for 
a  study  of  the  density  and  degrees  of  dissociation  of  the  saturated  vapors 
of  these  substances,  in  regard  to  which  no  previous  measurements  have 
been  made. 

The  advantages  and  disadvantages  of  the  various  methods  of  measuring 
vapor  or  dissociation  pressures  have  been  ocmsidered  critically  by  Smith 
and  Menzies.^  The  method  of  confinement  over  mercury,  in  particular, 
is  not  appUcabk  when,  as  in  the  present  work,  chemical  action  with  the 
mercury  occurs.  In  such  cases,  various  d3mamic  methods  have  been  em- 
ployed. The  most  popular  of  these,  Ramsay  and  Young's  dynamic 
method,'  however,  presents  especially  grave  irregularities  when  applied 
to  cases  of  dissociating  solids,  in  five  of  which,  for  example,  the  tempera- 
ture of  volatilization  appeared  to  be  independent  of  the  pressure.' 

The  dissociation  pressure  of  a  solid  may  be  measured  by  means  of  the 
spiral  manometer  of  Ladenburg  and  Lehmann^  or  the  dynamic*  and  static^ 
isoteniscopes  of  Smith  and  Menzies.  In  the  former  method,  as  Smith 
and  Menzies  pointed  out,^  permanent  distortion  of  the  spiral  may  occtu*. 
Then  too,  the  expansion  of  the  glass  makes  the  zero  point  change  with 
the  temperature,  so  that  the  trustworthiness  of  the  measurements  is  con- 
siderably diminished  unless  the  spiral  is  calibrated  for  each  temperature.' 
The  method  of  Smith  and  Menzies  has  been  used  successfully  in  difficult 
cases  by  Ruff,»  Taylor  and  Hulett,^*^  and  Moles." 

The  Apparatus. 
The  isoteniscope  used  in  all  our  work,  except  that  dealing  with  phos- 
phorus pentachloride,  was  the  static.  The  substance,  the  vapor  or  disso- 
ciation pressiu-e  of  which  is  to  be  determined,  is  placed  in  the  small  bulb 
shown  on  the  right  (Fig.  i).  The  bend  is  filled  with  some  substance 
which,  at  the  temperatiu*e  of  the  experiment,  will  melt  to  give  a  liquid 
suitable  for  confining  the  vapor.  The  isoteniscope  is  connected  with  a 
very  large  bottle  for  regulating  the  pressiu-e.  By  the  turning  of  the  proper 
stopcock,  this  bottle  can  be  put  into  communication,  either  with  a  similar 
vacuum  bottle,  with  a  compression  pump  (or  the  atmosphere),  or  with 

*  "Studio  hi  Vapor  Pressure.  Ill/'  This  Jouslvm^  ^Zf  1444  (1910). 

*  J.  Chem,  Soc.f  47,  42 ;  Ostwald-Luther,  [3]  218. 
*Phil.  Trans.,  177,  116  (1886). 

*  Ber.  physik.  Ges.,  4,  20  (1906). 
»  This  Journal,  3a,  1448  (1910). 

•  Ibid.,  33,  1419  (1910). 
» Ibid.,  33,  1455  (1910). 

•  Preimer  and  Brockmoller,  Z.  physik.  Chcm.,  81,  129. 

•  Z.  anorg.  Chem.,  72,  63. 
»•  J.  phys.  Chem.,  17,  565. 

^^  An.  So€.  EipoH.  di  Fis.  y  Qmm.,  9,  160  and  172. 
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tbe  pressure  gage.    To  make  a  detennmation  of  the  vapor  pressure,  the 
isoteniscope  is  placed  in  a  well  stirred  bath;  maintained  at  the  proper 
tai^)exature,  and  the  pressure  is  lowered  until  the  sub-  a.,,^^ 
stance  in   the   bulb  boils  vigorously.    Adhering  air,  ^^^^^^^l^^v. 
moistiire,  and  volatile  impurities  are  thus  carried  out 
{■St  the  liquid  seal  in  the  bend.    The  pressure  is  then 
raised  until  the  boiling  stops  and  the  level  of  the  con- 
bang  liquid  becomes  the  same  in  both  arms  of  the 

isntpniscope.    The   tem- 

e  of  the  bath  and 

assure  in  the  ap- 

;  are  then  noted 

orded. 

presBure  gage,  a 

of  which  is  shown 
2,    was   of   the 

mercuiy-manome- 

t,^    Hacharmhad 

lof  2500  mm.  and 

smal  diameter  of 

i.    The  scale  was 

^d  on  silver  inlaid 

avy  steel  bar.     It 

adukted  in  mm. 

Jibrated,   at  20^, 

a  standard  meter. 

rriage  bearing  the 

orizontal  reading 

led  on  glass,  could 

red  up  or  down  on 

T  steel  rod  (diameter  20  mm.)  which 
its  support.    A  mirror,  behind  the 

ibes  and  extending  the  entire  length 

a^age,  eliminated  errors  due  to  parallax 

ling.    Three  thermometers  were  sus- 

i  at  intervals  along  the  gage.    That 

ight  show  the  same  temperature  lag 

mercury  in  the  arms  of  the  manom^ 

leir  bulbs  were  immersed  in  mercury 

sfore  being  erected,  the  gage  was  repeatedly 
:d  to  a  pressure  of  0.02  mm.  Its  reading 
eked,  at  frequent  intervals,  against  a  stand- 
ard iMtfometer.  In  setting  up  the  gage,  care  was 
taken  to  make  the  scale  exactly  verticaL 


Fig.  I. — Static  iso- 
teniscope. 


Fig.  2, — Pressure  gage. 
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contained  in  small  tubes  (see  figure).  The  mercury  used  in  the  gage  was 
purified  by  spraying  it  eight  times  through  a  column  of  8%  nitric  acid^ 
and  then  by  distilling  it  twice  in  a  slow  stream  of  air.*  The  pressures 
were  reduced  to  o®  and  the  sea  level  at  45°  latitude. 

The  temperature  measurements  were  made  with  a  resistance  thermometer » 
of  the  Heraus  type.  The  platinum  coil  is  embedded  in  quartz.  The 
leads  are  of  gold  and  are  uncompensated.  This  simple  form  of  thermom- 
eter shows  almost  no  temperature  lag.  In  the  calibration,  which  was  re- 
peated at  frequent  intervals,  the  procedure  adopted  by  the  Bureau  of 
Standards'  was  used  throughout.  The  standard  resistances  and  bridge 
ratios  were  combined  in  the  dial  decade  box  of  Leeds-Northrup.  The 
coils  were  of  manganin  for  which  the  temperature  coefficient  of  resistance 
is  low.* 

The  temperature  scale  is  tliat  based  upon  the  ice  point,  steam  point 
and  sulfur  boiling  point,  the  latter  being  taken  as  444.7°  (constant  volume 
nitrogen  scale).  The  temperatiu^  error  is  less  than  ^0.2^  at  the  highest 
readings. 

The  liqtiids  used  in  tbe  heating  bath,  and  the  temperatures  at  which 
each  is  suitable,  are  as  follows:  water,  o — 70®;  paraffin,  60 — 190**;  fused 
sodium  nitrite  (10  parts),  sodium  nitrate  (19  parts),  and  potassium  ni- 
trate (33  parts),  190-300®;  eutectic  mixtiu^  of  nitrates  of  potassium  and 
sodium  (equimolar),  218-500**. 

The  bath  vessel  was  a  two-liter  Jena  beaker,  of  the  tall  form,  jacketed 
by  a  glass  battery  jar  fr<Hn  which  the  bottom  had  been  removed.  The 
2  cm.  space  between  the  beaker  and  the  battery  jar  was  closely  packed  with 
asbestos  wool,  two  small  windows  being  left  on  opposite  sides  and  about 
midway  between  top  and  bottom.  To  increase  the  accuracy  of  leveling 
the  liquid  in  the  isoteniscope,  a  fine  wire  was  stretched  horizontally  across 
the  front  window  and  an  electric  light  was  placed  just  behind  the  other. 
The  brass  stirrer  consisted  of  four  propellors  attached  to  a  vertical  shaft 
driven  by  a  high  speed  motor.  The  bath  was  heated  by  a  vulcan  burner. 
With  a  divided  gas  stream  and  screw  clamps,  the  supply  of  gas  could  be 
so  controlled  as  to  keep  the  temperature  constant  for  a  considerable  time» 
to  within  «*=  o.i  ®,  even  above  400°. 

Ammonium  Bromide. 

Previous  Determinations. — ^P.  M.  G.  Johnson,*  usingj  the  spual  manom- 
eter, has  determined  the  dissociation  pressures  of  three  ammonium  halides. 
In  regard  to  his  temperature  measurements,  the  following  points*  should 

*  Method  of  Hildebrand,  This  Journal,  31,  933  (1909). 

*  Method  of  Hulett  and  Minchin,  Physic.  Rev.,  31,  388  (19O5). 

*  Waidner  and  Burgess,  BitU.  Bur.  SUtndards,  6,  150  (1909}. 
«08twald-Luther,  [3]  412. 

■  P.  M.  G.  Johnson,  Z.  ^ysik.  Chem.,  65*  36-^40  (1909). 

*  For  a  detailed  discussion  see  Smith  and  Menzies,  Tms  Journal,  32,  1456  (19 10). 
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be  noted:  (i)  The  heating  bath,  of  air,  was  unstirred;  (2)  the  dissociating 
substance  and  the  glass  spiral,  in  which  the  pressure  was  registered,  were 
kept  at  different  temperatures;  (3)  the  temperatures  were  read  by  means 
of  mercury  thermometers,  either  of  the  ordinaiy  type  or  nitrogen-filled. 
The  untrustworthiness  of  mercury  thermometers  at  high  temperatures 
need  not  be  pointed  out;  (4)  no  satisfactory  provision  was  made  for  re- 
moving water  vapor  and  gases  adsorbed  by,  or  adhering  to  the  substances 
and  the  interior  of  the  apparatus. 

The  Present  Measurements.— The  sample  of  ammonium  bromide  used 
by  us  was  purified  by  recrystallization  and  then  by  sublimation.  The  con- 
fining liquid  in  the  isoteniscope  consisted  of  fused  silver  tu-omide,  to  which 
had  been  added  ammonium  bromide  sufficient  in  amount  to  lower  the  melt- 
ing point  from  426°  to  255^.  This  mixture  was  without  visible  action 
on  the  vapors  fonned  by  the  dissociation. 

After  the  raising  of  the  pressure  until  the  boiling  of  the  ammonium 
bromide  ceased,  there  was  observed  a  dow,  uniform  increase  in  the  pres* 
sore  of  the  vapor.  Thus  at  388.9°,  the  pressure  rose  650  mm.  in  ten  min- 
utes, 2  mm.  in  the  following  10  minutes,  and  approximately  2  mm.  in  each 
ot  the  succeeding  ten-minute  periods.  The  enormous  difference  in  the 
rates  of  increase  shows  that  there  must  be  some  secondary  change.  The 
slow  increase  may  be  due  to  a  dissociation  of  hydrogen  bromide  (produced 
in  the  primary  dissociation)  and  the  removal  of  either  the  hydrogen  or 
bromine  by  the  confining  liquid.  Or,  more  probably,  it  may  be  due  to 
the  dissociation  of  ammonia.  It  is  well  known  that  the  reaction  2NHa 
'^~J^  Ni  +  3H2  occurs  as  the  temperature  rises,  and  that  at  327®,  for  ex- 
ample, the  equiUbrium,  if  reached,  would  leave  over  90%  by  voltune  of  the 
free  elements^  In  any  case,  the  increase  is  very  slow,  and  we  have  elim- 
inated its  effect  altogether  by  correcting  all  pressure  readings  back  to  the 
time  zero,  at  which  the  boiling  out  ceased.  This  is  illustrated  in  the  table 
below,  which  gives  the  readings  in  a  preliminary  experiment  at  388.96**: 

Time  (min.) ...     10  20  30  40  50  Zero 

PresBure  (mm.)  675.2        677.4        678.9        680.5        682.3    Mean     673.4 
AP 2.2  1.5  1.6  1.8       1.8        (calc.) 

The  deviations  in  the  value  of  AP  from  the  mean  (1.8  nun.)  correspond  to 
temperature  differences  of  less  than  0.03  ^  which  is  about  the  limit  of  ac- 
curacy in  the  temperature  control.  Th«)  size  of  the  correction  factor  de- 
creased as  the  temperature  was  lowered.  For  an  entire  series  of  pressures 
and  temperatures  the  correction  averaged  i.i  mm.  That  Johnson  did 
not  detect  this  increment  of  pressure  is  probably  due  to  the  fact  that  it 
is  close  to  the  limit  of  sensibility  of  the  spiral  manometer,  said  by  him  to 
be  "of  the  order  of  i  mm," 

1  Haber  and  Van  Oordt»  Z.  anarg,  Chem.,  44,  356  (1905)-  . 
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The  Results. — ^Two  series  of  measurements  were  made.  When  the  re- 
sults were  plotted  oil  a  large  piece  of  cross-section  paper,  the  points  were 
found  to  lie  closely  along  a  smoothed  curve.  Three  points  on  this  curve 
(320°,  100.6  nun.;  370^  404.8  mm.;  and  397°,  806.9  mm.)  were  used  to 
evaluate  the  constants  in  the  Kirchhoff-Rankin-Dupr^  formula,  log  p  = 
— K/T  +  B  log  T  +  C.  This  equation,  with  the  constants  intnxluced, 
becomes 

log  f  =  — 2056.541/T  +  9-54014  log  T  —  20.98468. 

Since  points  calculated  from  the  equation  nmst  lie  exactly  on  a  perfectly 
smooth  curve,  the  irregularities  in  the  individual  pressures  and  tempera- 
tures observed  can  be  shown  by  the  magnitude  of  their  deviations  from 
the  values  found  from  the  formula.  Tabk  I  gives  the  observed  pressures 
(Col.  i),  those  of  the  second  series  of  measurements  being  distinguished  by 
the  asterisk;  the  observed  temperatures(Col.  2) ;  the  temperatures  calculated 
ixooL  the  above  fomuila  (Col.  3) ;  and  the  differeQces  (A)  between  the  ob- 
served and  the  calculated  t^nperatures.  The  temperatures  are  given  to 
the  second  decimal  place,  because  in  comparing  the  values,  this  figure  is 
significant. 

Tablb  I. — Dissociation  Prbssurbs  of  NH4BR — Observations. 

TcmperatuTfe.  Tempermtiif«. 


Prew. 
Mm. 

OImnL 

Calcd. 

A. 

Press. 
Mm. 

Obsd. 

Caled. 

A. 

928.6* 

402.87 

402.68 

+0.19 

421.6 

37160 

371.53 

■fo.07 

7«9-3 

396.21 

396.17 

-i-0.04 

334-7 

362.40 

362.79 

—0.39 

792.3* 

396.22 

396.34 

— O.I2 

329  9* 

362.50 

362.27 

+0.23 

662.2 

389.01 

389.10 

— 0.09 

227.9 

348  63 

348.64 

O.OI 

661.9* 

388.96 

389.08 

— 0.12 

131.3* 

329.10 

329.12 

— 0.02 

533.9 

380.50 

380.61 

— O.ll 

59  5* 

303.25 

302.78 

-fo.47 

534. 2* 

3«0.57 

380.65 

— 0.12 

The  algebraic  stun  of  the  differences  between  the  observed  and  the  cal- 
culated temperatures  is  +0.02°,  or  close  to  zero,  as  it  should  be.  The 
mean  deviation  of  a  single  observation  from  the  curve  is  0.15®. 
The  observations  are  therefore  consistent.  This  deviation  is  within 
the  limits  of  error  of  the  absolute  temperature  meastuements  them- 
selves (less  than  s*=o.2®),  so  that  the  smoothed  curve  as  a  whole  is 
probably  correct  to  =bo.2®. 

The  dissociation  pressures  of  ammonium  bromide,  for  rounded  tempera- 
tures, are  given  in  Table  II.  The  pressures  in  the  second  column  (S.  and 
C.)  have  been  calculated  from  the  formula;  those  in  the  third  column  (J.) 
have  been  read  from  a  large  curve  plotted  from  the  results  of  F.  M.  G. 
Johnson.  This  table  shows,  as  do  also  the  curves  (Fig.  3),  that  the  differ- 
ences between  our  results  and  those  of  Johnson  become  large  at  the  higher 
temperatures,  at  which  a  mercury  thermometer  is  especially  unreliable. 
At  394.6^  this  difference  is  45  mm. 
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Tablb  II.— Dissociation  PRSSBxntBS  or  NH4BR  at  Roumdsd  Tsmpsraturbs. 

Pressure.  PreMore. 

Temp.  S.  &  C.  J.  Temp.  S.  &  C.                     J. 

300  55.0  56  380  525.5                   548 

320  100.6  loi  390  677.5                718 

340  178.8  180  394  6  ,  760.0                  805 

360  310.4  316  400  868.4 

370  4048  421  403  935.1 

Ammonium  Iodide. 

The  Present  Measurements. — ^A  c.  p.  ammonium  iodide  was  purified 
by  recrystallization  and  dried  by  heating  in  vacuo  at  100  **.  It  was  not 
resublimed  because,  at  high  temperatures,  it  is  decomposed  by  moist  air 
with  the  formation  of  free  iodine.  Sublimation  of  a  substance  to  be  used 
in  the  isoteniscope  is  really  unnecessary.  The  repeated  Soiling  out, 
before  each  reading,  removes  the  volatile  matter;  non- volatile  matter  does 
not  affect  the  vapor  pressure  of  the  solid,  tmless  contained  in  solid  solu- 
tion. 

The  confining  liquid  was  fused  silver  iodide  (m.  p.  530^)^  to  which  had 
been  added  an  equal  weight  of  ammonium  iodide.  The  mixttuie  froze  at 
260^ 

In  the  heated  vapor  of  ammonium  iodide  the  following  changes  occur: 
NH4I  ±^  NH,  +  HI 

2HI  ±^  Hi  +  Ii 
2NH,  ^  3H2  +  Nt 
The  hydrogen  iodide'  and  ammonia  dissociate  very  slowly.  Since  we 
desired  to  measure  the  pressure  due  to  ammonium  iodide  and  its  primary 
dissociation  products  only,  we  have  eliminated  the  effect  of  the  slow,  uni- 
form increase  in  pressure  produced  by  the  secondary  changes.  The  data 
below,  taken  from  a  preliminary  observation  at  346®,  will  show  the  method. 
The  time  is  expressed  in  minutes  after  the  boiling  out  ceased. 

Time  (min.) 10  20  30  40  50  60  70 

Pressure  (mm.) 164. i       165.2       166. i      166.5      166.7      167.2       167.6 

AP i.l  0.9         0.4         0.2  0.5  0.4 

The  mean  value  of  AP  is  0.6,  and  the  pressure  at  zero  time,  therefore, 
163.5  mm. 

As  was  to  be  expected,  the  correction  factor  became  larger  at  the  higher 
temperatures,  at  which  slight  traces  of  free  iodine  could  be  detected  in 
the  isoteniscope.  Johnson  observed  a  rise  in  pressure  of  10  mm.  per  hour 
at  357^.    Although  he  worked  rapidly,  the  accumulation  of  fni  iodine 

>  Landolt  and  Bdrnsteiii,  TabeUm,  [4I  229. 

*  At  350"  and  380  mm.  pressure,  hydrogen  iodide  is  dissociated  to  the  extent  of 
4%  after  24  hours'  time.    Bodenstein,  Z.  pkysik.  Chem.,  13,  1x7  (x894)- 
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in  the  ^iral  during  an  entire  series  of  pressure  and  temperature  readings 
iBBt  have  been  considerable. 

The  Results. — From  the  final  temperature-pressure  readings  a  large, 
smooth  curve  was  constructed.  A  Kirchhoff-Rankin-Dupr£  formula, 
jbr  this  curve,  was  calculated  from  the  following  fundamental  points; 
340^  130.3  mm.;  380**,  407.3  mm.;  4oq°,  675.2  mm.  The  equation, 
with  the  constants  evaluated,  is 

log  p  =  — 7714.591/T  —10.04345  log  T  +  42.69560. 

TaWe  III  gives,  for  each  pressure,  the  temperature  observed,  the  tem- 
perature calculated  from  the  formula,  and  the  difference  (A)  between  the 
two  vahies.    In  two  cases  only  does  the  difference  exceed  0.14**. 
Tabls  III. — ^Dissociation  Prbssurbs  of  NH4I — Observations. 

xonpcvfttitfc  Tcniperattffc 


Calcd.  A.  Mm.  ObML  Calcd.  A. 

830.3  408.54  408.63  +0.09  335-6  372.69  372.73  +0.04 

704.6  401.74  401-77  -fo.o3  a38.o  360.33  360.34  40.01 

699.3  401.38  401.43  4-0.05  153 -3  345.93  345.35  —0.58 

576.5  393.63  393.57  —0.06  156. 1  345.79  345.93  4-0.14 

452.9  384.06  384.07  40.01           64.0  317.80  318.05  40.25 

339.3  372.99  373.13  40.14                           Algebraic  sum  4o.i2 

The  equilibrium  pressures  for  ammonium  iodide,  at  rounded  tempera- 
tures, are  given  in  Table  IV.  The  pressures  in  the  second  column  (S.  & 
C)  have  been  calculated  from  the  formula;  those  in  the  third  column  (J.) 
iave  been  read  from  a  large  curve  plotted  from  the  data  of  P.  M.  G. 
Johnson.* 

Tabuj  IV. — ^Dissociation  Pressures  of  NH«I  at  Roundbd  TbmpbIiaturbs. 


tan. 

a&c 

J. 

Temp. 

S.&0. 

J.- 

310 

48.5 

67 

380 

407.3 

512 

J30 

95.0 

127 

390 

527.0 

662 

350 

176.3 

219 

400 

675.2 

S6o 

235 -7 

291 

404.9 

760.0 

370 

3". 5 

384 

410 

857.0 

As  seen  from  the  table,  and  also  from  the  curve  (Fig.  3),  the  pressures 
foand  by  Johnson  are  much  higher  than  those  fotmd  by  us  for  the  ^me 
temperatures.  This  difference  is  18  mm.  at  310**  and  135  mm.  at  390**. 
As  stated  above,  the  pressures  given  by  Johnson  probably  include  consid- 
fntble  partial  pressures  of  hydrogen  and  iodine  produced  by  the  dissocia- 
tion of  hydrogen  iodide,  especially  at  the  higher  temperatures. 

Anmionium  Chloride. 

Previous  Detenninations. — ^The  dissociation  pressures   of   ammonium 

cMoride  have  been  determined  by  a  number  of  investigators  but  with 

'  Since  the  pressure-temperature  points  of  Johnson  are  rather  irregular,  we  have 

aootbed  the  curve  as  indicated  in  the  small  figure  in  his  dissertation  (Breslau,  1908). 
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only  fair  agreement  between  the  results.  The  spiral  manometer,  as  used 
by  F.  M.  G.  Johnson,^  has  been  described  and  discussed  under  ammonium 
bromide,  above. 

Ramsay  and  Young  have  measured  the  dissociation  pressures  by  two 
widely  different  methods.  In  the  dynamic  method,*  a  thermometer  was 
inserted  into  a  hole  bored  in  a  block  of  solid  ammonium  chloride.  Then 
the  block,  with  the  thermometer,  was  placed  in  a  combustion  tube  heated 
to  about  30°  above  the  probable  temperature  of  sublimation  for  anunonium 
chloride.  The  pressiue  in  the  combustion  tube  could  be  varied  at  will. 
When  the  thermometer  reading  became  constant,  it  was  considered  that 
the  surrounding  soUd  was  at  the  subUmation  point  for  that  particular 
pressure.  In  the  static  method'  of  Ramsay  and  Young,  ammonium 
chloride  was  heated  and  the  vapors  confined  over  merctuy.  The  hydrogen 
chloride  produced  in  the  dissociation  reacted  with  the  merctuy  at  a  rate 
which  necessitated  a  rather  large  correction  for  the  change  of  pressure 
with  time.  Another  source  of  uncertainty  lay  in  the  slow  diffusion  of 
the  mercury  vapor  into  the  vaporization  chamber.  The  authors  ascribe 
to  thermometric  errors  the  differences  in  the  values  found  by  the  two 
methods.    At  the  highest  temperatures,  this  difference  amounts  to  100  mm. 

Smith  and  Menzies^  have  determined  the  dissociation  pressures  of  am- 
monitun  chloride  by  the  dynamic  isoteniscope,  alkali  nitrates  being  used  as 
the  confining  liquid.  The  vapors  acted  chenucally  on  the  fused  nitrates,  and 
the  production  of  a  gas  made  impossible  the  adjustment  of  the  pressure 
until  the  bubbling  entirely  ceased.  Their  experiments  were  intended  es- 
pecially to  show  the  value  of  the  isoteniscope  even  when  used  under  un- 
favorable conditions. 

The  Present  Measurements. — ^The  measurements  were  repeated,  partly 
for  the  purpose  of  using  the  static  isoteniscope  with  this  substance,  partly 
because  results  covering  a  wider  range  of  temperature  were  desired,  and 
partly  in  order  that  the  pressures  and  vapor  densities  (the  latter  to  be 
determined  subsequently)  might  be  correlated  by  using  identical  samples 
of  ammonium  chloride  and  thermometers  calibrated  in  exactly  the  same 
mannf^. 

For  most  of  the  readings,  the  confining  liquid  here  used  was  a  fused 
mixture  of  silver  chloride  and  ammonium  chloride,  in  approximately 
equal  parts  by  weight.  This  liquid  froze  at  290**.  At  275**,  the  liquid 
employed  was  recrystallized  bismuth;  at  249**,  it  was  Kahlbatun's  tin. 
Oxidation  of  these  metals  was  prevented  by  displacing  the  air  in  the  appa- 

>  Z.  physik.  Chem.,  6x,  458  (1908). 

» Ramsay  and  Young,  Phil.  Trans.,  177,  96  (1886).     This  method  had  been  used 
previously  by  Horsmann,  Ber.,  a,  137  (1869). 

>  Ramsay  and  Young»  Phil.  Trans.,  177,  86  (1886). 
*  Th»  Journal,  32,  1457  (1910). 
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ratus  at  the  begixmiiig  with  illuminatisig  gas.  All  pxessures  were  read  ten 
minutes  after  the  "boilmg  out"  had  been  stopped  and  were  corrected  to 
the  time  zero  by  subtracting  the  uniform  increment  of  pressure  found  for 
snccseeding  ten-minute  intervals.  The  correction  factors  averaged  less 
than  I  mm. 

The  Results. — ^Table  V  contains:  the  observed  pressures  (Col.  i),  those 
of  series  2  being  marked  with  an  asterisk;  the  observed  temperatures 
(Col.  2) ;  the  temperatures  calculated  (Col.  3)  from  the  equation  for  the 
smoothed  curve,  log  p  =  — 1920.357/T  +  9.778609  log  T  — 21.21708; 
and  the  differences  (A)  between  observed  and  calculated  temperatures 
(Col.  4).  The  vapor-pressure  formula  given  above  is  based  on  the  follow- 
ing points:  280°,  135.0  mm.;  312°,  362.4  mm.;  338®,  764.8  mm. 
Table  V. — Dissociation  Piuissuitss  of  NH4CI — Obsbrvatioms. 


Ximm^ 

Tcmpcrmtiire. 

PrcH. 
Mm. 

Temperature. 

Mm. 

OlMd. 

Cakd. 

A. 

Obad. 

Calcd. 

A. 

949.6 

345.91 

345.86 

+0.05 

422.9* 

317.35 

317.26 

+0.09 

949. 5* 

345  96 

345.84 

+0.12 

326.7 

308.45 

308.53 

— 0.08 

840.8 

341.35 

341.43 

— 0.08 

325.8* 

308.37 

308.43 

— 0.06 

826. ?• 

340.90 

340.82 

+0.08 

238.5 

298.16 

298.15 

+0.01 

711   5^ 

335.41 

335.43 

— 0.02 

238. I* 

298.11 

298.08 

-fo.03 

684.4 

334  08 

334.04 

+0.04 

114. 2 

275.00 

274.85 

-fo.15 

544  2 

325.85 

325.95 

— 0.10 

113. 8* 

275.15 

274.75 

+0.40 

546-6* 

325.82 

326.09 

—0.27 

49-5 

248.46 

249.99 

424  1 

317.27 

317.35 

—0.08 

Algebraic  sum 

+0.30 

It  will  be  seen  that  the  differences  between  observed  and  calculated 
temperatures  are  greater  than  o.i**  for  only  five  of  the  seventeen  obser- 
vations. At  the  lowest  temperature  there  is  a  large  deviation  (1.53**) 
which  corresponds  to  a  pressure  difference  of  2.6  mm.  Much  more  weight 
is  here  to  be  given  to  the  calculated  than  to  the  observed  temperature, 
since  the  tin,  used  as  confining  liquid  at  this  one  temperature  only,  reacted 
with  the  vapor.  The  dissociation  pressures,  for  rounded  temperatiues, 
are  tabulated  below^  (Table  VI). 

Tablb  VI. — Dissociation  Prbssurbs  of  NH4CI  at  Roundbd  Tbmpbraturbs. 

Temp.  Press.  Temp.  Preei. 

250  49.5  320  458.1 

270  97.5  330  610.6    . 

280  135.0  337.8  760.0 

290  185.3  340  808.2 

300  252.5  345  927.6 

310  341.3  350  1063.0 

These  results  and  those  of  other  observers  are  plotted  in  Fig.  3.    The 
prediction'  that,  on  account  of  lack  of  time  for  the  attainment  of  full  dis- 
'  For  the  dissociation  pressures  found,  by  other  observers,  for  rounded  tempera- 
tmes,  see  Smith  and  Menzies,  This  Journal,  3a,  1458  (1910). 
'  Smits  and  Scheffer,  Z.  physik.  Chem,,  65^  70  (1908). 


Digitized  by  VjOOQIC 


1374  Al,EXANDBR  SMITH  AND  ROB^tT  PBVTON  CAI^VRRT. 

sociation,  pressures  found  by  the  d3mamic  method  would  be  very  much 
lower  than  those  determined  by  the  static  method  has  not  been  real- 
ized. That  the  pressures  by  the  dynamic  methods  would  be  slightly 
lower  is  obvious,  since  the  substance,  which  is  boiling  slowly,  must  be 
cooled  somewhat  below  the  temperature  of  the  surrounding  bath.  The 
pressings  (dynamic)  of  Smith  and  Menzies^  are,  on  the  average,  lower 
than  are  those  found  by  us  (static)  by  7.5  mm. 

Tetramethylammonium  Chloride. 

Previous  Obseivations. — Practically  nothing  is  known  of  the  tempera- 
tures at  which  the  tetraalkyl-ammonium  salts  sublime.  This  may  be  due 
to  the  fact  that,  before  the  submerged  bulblet  was  described,*  the  organic 
chemist  had  no  convenient  method  for  the  accurate  determination  of  the 
boiling  point  of  a  non-fusing  solid. 

With  regard  to  tetramethylammonium  chloride,  Lawson  and  Collie* 
state  that  it  ''decomposes  above  360°,'*  yielding  trimethylamine  and  methyl 
chloride.  The  reaction  is  similar  to  that  for  the  dissociation  of  an  ammo- 
nitun  halide. 

N(CH,)4C1  :^  N(CH3)8  +  CH,C1. 
Wagner*  says  that  tetramethylammonium  chloride  "begins  to  decompose 
at  230^  and  volatilizes  rapidly  at  280°."     Our  results  show  the  equilibrium 
pressure  at  the  lower  of  these  temperatures  to  be  nearly  one  atmosphere. 

The  Present  Measurements. — The  confining  Uquid  was  mercury,  which 
had  been  carefully  purified  by  spraying  several  times  through  dilute  nitric 
acid  and  then  distilling  twice.  During  the  period  of  45  minutes,  which  was 
the  average  time  required  to  obtain  equiUbriiun,  the  mercury  vapor  was 
able  to  diffuse  back  to  the  surface  of  the  subhining  solid.  Thus  the  total 
pressure  observed  was  the  sum  of  the  partial  pressures  of  merciuy  and  of 
tetramethylanunonium  chloride.  At  each  temperature,  the  correspond- 
ing vapor  pressure  of  merciuy  has  therefore  been  subtracted  from  the 
observed  pressure.  The  pressure  to  be  subtracted  varied,  according  to 
the  temperature,  from  ii.o  to  43.1  mm.,  and  was  obtained  by  Hnear  in- 
terpolation from  the  final  table  of  Smith  and  Menzies.* 

The  tetramethylammonium  chloride  was  ptuified  by  recrystallization 
from  alcohol.     It  was  dried,  for  a  day,  at  100**  and  then  pulverized. 

A  difficulty  arose  in  the  very  slow  rate  at  which  the  system  solid-vapor 
reached  equihbriiun.  At  245**,  for  example,  the  pressure  reached  only 
182  mm.  during  the  first  hour,  although  the  equilibrium  pressure  for  this 

*  Smith  and  Menzies'  temperatures,  based  on  the  scale  S.  B.  P.   =  445.0**  have 
been  reduced,  for  the  purpose  of  this  comparison,  to  the  scale  S.  B.  P.  =  444 .7**. 

*  Smith  and  Menzies,  This  Journal,  33»  897  (1910). 

*  /.  Ckem.  Soc.,  53, 624  (1888). 

*  Z.  KrystaU.  Min.,  43,  179  (1907). 

»  This  Journal,  32,  1447  (1910);  Ann.  Physik,  [4]  33,  988. 
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tanperature  is  more  than  760  mm.  Two  methods  of  producing  equi- 
fibrinm  in  a  shorter  time  present  themselves:  first,  the  use  of  a  suitable 
catalyzer  and,  second,  the  heating  of  the  substance  to  a  high  temperature 
in  order  to  obtain  a  large  pressure  of  the  dissociation  products  and  then 
cooling  until  recombination  begins  to  occur.  The  second  procedure^ 
was  adopted.  It  is  illustrated  by  the  following,  typical  set  of  readings 
whidi  was  obtained  in  one  of  the  preliminary  experiments: 


Temp. 

Pre». 

A  P  (per  10  min.) 
Mm. 

Change. 

228.7** 

660.5 

-f  n.o 

Dissociation 

228.2* 

662.5 

+  2.6 

Dissociation 

227.8* 

661.0 

—  0.2 

Combination 

227.85' 

66I.O 

Equilibrium 

At  lower  temperatures  the  dissociation  was  even  slower  than  in  the  fore- 
going example,  and  the  individual  readings  are  therefore  probably  less 
accnrate  than  are  those  obtained  with  the  simple  halides.  It  is  estimated, 
however,  that  the  temperatures  (absolute)  read  from  the  smoothed  ciffve 
(Fig.  4)  are  accurate  to  less  than  ^0.4^. 


200      210       2tO 


280      280      300     310 


29)      240       250      260      270 

Temperature  Cthu% 

Fig.  4. 

The  Results. — ^Table  VII  shows,  for  each  pressure,  the  temperatiure  ob< 
served,  the  temperature  calculated  from  the  Ejrchhoff-Rankin-Dupr£ 
fonnala,  and  the  differences  (A).  The  formula  is  based  on  the  following 
points  on  the  curve:  190^  1194  nmi.;  22o^  398.0  mm.;  230®,  641.8  nmi. 
The  equation,  with  the  constants  introduced,  is 

logp  =  23649. 7/T  +  132.316  log  T  —  401.3121. 
^  This  method  has  been  used  by  U8  in  earlier,  unpublished  experiments,  on  the  dis- 
iodition  of  mercuric  oxide.    It  has  since  been  described  by  Taylor  and  Hulett,  J. 
ftji.  Chem,,  17,  571  (1913). 
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Tabids  VII. — Dissociation  PRBssuiuis  of  N(CHi)^1 — Observations 

Tempcrainre.  Tcll^»crat1lre. 

Press.  / • *  Press.        /  * * 

Mm.  Obsd.  Calcd.  A.  Mm.  Obad.  Cakd.  A. 

690  231.5  231.5  0.0  312  213-3  214.4         — *•' 

567  227.1  227.4         —0.3  187  202.4         202.3  +0.1 

430  222.5  221.6  +0.9  108  186.6  186.8  — 0.2 

The  mean  deviation  of  the  observed  points  from  the  smooth  curve  rep- 
resented by  the  equation  is  0.4°.  Readings  f^jom  the  curve  (or  calculations 
from  the  equation),  relatively  to  one  another,  should  therefore  be  accurate 
to  within  =^0.2**. 

The  equilibrium  pressures,  calculated  from  the  formula,  for  rounded 
temperatures,  are  as  follows: 

Temp 190**       200°       210**       220®       225®       230**       233.3" 

Pressure  (nun.) .. .     120  171  256  399  504  643  760 

TetrameflijiRmiiiooium  Iodide. 

Lawson  and  CoUie*  state  that  "decomposition"  of  tetramethylam- 
monium  iodide  occurs  *'at  a  temperature  not  much  short  of  a  low  red 
heat."    According  to  Wagner,*  ''decomposition  begins"  at  230®. 

The  Present  Measurements. — ^The  dissociation  pressures  were  de- 
termined by  means  of  the  static  isoteniscope,  with  the  eutectic  mixture  of 
the  nitrates  of  sodium  and  potassium  for  confining  liquid.  The  tetramethyl- 
ammonium  iodide  was  purified  by  recrystallization  from  water.  Its 
vapors  had  no  action  on  the  molten  nitrates. 

The  pressure  in  the  isoteniscope,  at  each  temperature,  was  found  to  rise 
at  a  vory  rapidly  decreasing  rate  for  a  few  minutes.  Then  the  increase  in 
pressure  became  slower  and  almost  uniform.  Thus,  in  a  preliminary  ex- 
periment, at  276.0®,  the  change  in  pressure  with  the  time,  after  the  boiling 
out  process  was  stopped,  was  as  follows: 

Time  (min.) o  5  10  15  20  25  50 

Pressure  (mm.) ... .     224.9      308.7      326.6      338.5      344-1       349-8      3757 
AP 83.8         17.9         11.9  5.6  5.7     5X52 

The  consideration  of  the  time-pressure  curve  shows  clearly  that  the  rapid 
rise  in  the  pressure  for  the  first  15  minutes  and  the  slower  increase  during 
the  next  35  minutes  cannot  be  due  to  the  same  cause.  It  seems  certain 
also  that  the  rapidity  of  the  first  change  must  be  due  to  the  dissociation 
into  trimethylamine  and  methyl  iodide. 

N(CH,)4l  Zi±  N(CH3)a  +  CH,I 
Then  the  methyl   iodide,  in  turn,  undergoes  decomposition,  a  change 
observed  by  Lawson  and  Collie,^  and  confirmed  by  the  darkening  of  the 
tetramethylammonium    iodide     and     the     walls    of    the    isoteniscope 

•  Z.  Kryst.  Min.,  43,  180  (1907). 
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dnring  measurement.  That  the  confining  liquid  played  no  part  in  this 
decomposition  was  shown  by  substituting  bismuth  and  various  alloys 
for  the  nitrates.  In  each  case  the  same  results  were  obtained.  Also, 
the  darkening  of  the  material  and  isoteniscope  occurred  in  parts  of 
the  apparatus  never  reached  by  the  confining  liquid.  Since  we  desired 
only  the  presstue  of  the  undissociatcfi  molecules  and  of  the  primary  dis- 
sociation products  of  the  salt,  we  have  corrected  all  pressures,  read  at  the 
end  of  the  period  of  rapid  increase,  back  to  the  time  when  the  ''boiling 
out"  was  stopped.  The  method  used  is  described  in  the  section  on  am- 
monium bromide. 

The  Results. — ^The  temperatures  and  corrected  pressures  were  plotted, 
on  a  large  scale,  and  a  smoothed  ctu^e  (see  Fig.  4)  was  drawn  to  fit  the 
observations.     From  three  points  on  this  curve  (264°,  i88  mm.;  290°, 
455  mm;  302°,  678  mm.)  the  following  equation  was  derived: 
log  /?  =  1493.085/T  -f  24.96449  log  T  —  68.65910 

The  results  are  tabulated  in  the  form  already  described. 

Table  VIII. — Dissociation  Prbssurbs  op  N(CHj)4l — Obskrvations. 

Temperature. 


Ifm.  Obsd.  Calc.  A. 

781  306.2  306.1  -fo.I 

698  303.0  302.8  4-0.2 

547  295.8  295.5  +0.3 

421  287.4  287.7  —0.3 

298  276.6  277.5  — 0.9 

166  260.6  260.6  0.0 

88  242.6  242.3  -f-0.3 

The  following  data  show  the  pressiu'es,  calculated  from  the  equation, 
for  rounded  temperatiu-es: 

Temp 240**      260°      280**      290°      300°      305.5°      307* 

Pressure  (mm.) 81         164        325        455        635        760  799 

Phosphonium  Iodide. 
Previous  Observations. — Phosphonium  iodide,  when  warmed   gently, 
volatilizes  rapidly  and  dissociates  according  to  the  equation: 
PH4I  (soUd)  ^i±  PH4I  (gas)  :^  PH3  +  HI. 
F.  M.  G.  Johnson^  has  meastued  the  dissociation  pressure  at  various  tem- 
peratures, a  fact  which  came  to  our  attention  only  after  our  measurements 
were  completed.    A  stirred  water  bath  was  used  for  heating  the  bulb  con- 
taining the  phosphonium  iodide  and  the  attached  spiral  manometer. 
Since  the  temperatures  were  all  below  62**,  the  errors  due  to  the  mercinry 
thermcmieter  and  to  the  shifting  of  the  zero-point  of  the  glass  spiral  were 
at  a  ywinimmn.    The  chief  sources  of  uncertainty  which  characterized 
"  This  Journal.  34t  877  (1912). 
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Johnson's  earlier  vapor-pressure  measurements  (with  the  exception  of  the 
adsorbed  gases),  were  thus  eliminated.  Our  results  are  published,  partly, 
to  show  the  concordance  in  the  values  obtained  by  the  isoteniscope 
and  the  spiral  manometer  when  the  necessary  precautions  are  used  in 
both  cases.  Confirmation  of  Johnson's  work  seems  desirable,  also,  since 
his  results  lower  the  boiling  point  of  phosphonium  iodide  from  80°,  the 
commonly  accepted  value,  ^  to  62  ^ 

The  Present  Measurements. — ^The  static  isoteniscope  was  used,  frac- 
tionated benzyl  benzoate  serving  as  the  confining  liquid.  The  fraction 
chosen  had  a  vapor  pressure  of  718  mm.  at  3IO^  329  mm.  at  280°,  and 
53  mm.  at  220°.  The  curve  connecting  these  points  shows  that,  at  66^, 
benzyl  benzoate  would  have  a  vapor  pressure  lower  than  that  of  mercury, 
which  is  negligible  at  this  temperature. 

As  the  result  of  some  recent  investigations.  Holt  and  Meyers*  have  con- 
cluded that,  in  carefully  dried  phosphonium  iodide  vapor,  there  occurs 
a  secondary  reaction  in  which  the  hydrogen  iodide  and  phosphine  give 
some  free  hydrogen  and  phosphorus  iodide.  Such  a  change  was  indicated 
in  our  experiments  by  a  slow,  uniform  increase  in  the  pressure  with  the 
time.  Correction  has  been  made  for  this  effect.  Holt  and  Meyers  state 
that  phosphorus  iodide  is  not  formed  if  a  trace  of  moisture  is  present. 
For  this  reason,  perhaps,  Johnson  obtained  no  evidence  of  its  formation. 
His  method  did  not  provide  with  certainty  for  the  removal  of  the  last  trace 
of  moisttu-e  (and  foreign  gases)  from  the  spiral  manometer  and  from  the 
material  in  the  vaporization  chamber. 

The  Results. — ^The  results  obtained  by  us  are  tabulated  below  (Table 
IX). 

Table  IX. — Dissociation  Prbssukes  of  PHJ— Observations. 


ScricsL 

Series  n. 

Press.  (Mm.). 

Temp. 

Press.  (Mm.). 

Temp. 

914.0 

65.92 

922.1 

66.22 

795.0 

63.47 

798.3 

63.52 

662.8 

60.13 

667.7 

60.08 

532.6 

56.06 

533.2 

56.19 

401.2 

51. «9 

408.7 

51.46 

301.0 

46.69 

301.9 

46.58 

195  3 

39.82 

196.0 

39.78 

109.0 

30.63 

118. 1 

31.01 

39.3 

16.08 

40.9 

16.98 

The  agreement  between  the  values  fotmd  by  Johnson  (J.)  and  those  by 
us  (S.  &  C.)  is  shown  for  rounded  pressures  in  Table  X  (see  also  Fig.  5). 

» Abegg,  "Handb.  anorg.  Chemie/'  Vol.  Ill,  Pt.  3.P.398;  Moissan,  Chim.  Min„ 
1.758- 

*  Z.  anarg.  Chem.,  8a,  281  (1913) 
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Table  X. — Dissociation  Pressures  of  PHJ— Roundbd  Values. 

Tcmpccmtnre. 


Ita^ 

J. 

&&C. 

A. 

50 

19.26 

19.21 

-i-0.05 

100 

29.33 

28.92 

+0.41 

300 

39.89 

40.09 

— 0.20 

300 

46.40 

46.55 

—0.15 

400 

51.08 

51.16 

—0.08 

SOD 

54.94 

55. 02 

—0.08 

600 

S8.16 

58.20 

— 0.04 

700 

60.73 

61.10 

—0.37 

760 

6a. 00 

62.61 

— 0.61 

800 

63.56 

•  •  • 

900 

65.68 

•  • . 

900 

800 
TOO 
60G 
900 
400 
300 
200 

/ 

PI 

V 

/ 

;^ 

kon 

»•■! 

• 

/ 

/ 

• 

/ 

/ 

/ 

f 

y 

A 

MM 

r^ 

^ 

.^— 

— - 

^ 

5  10         15        20        25        50       35,      4.0       45        50        55       60        65 

Temparature  Cabius 

The  dissociation  pressures  read  for  rounded  temperatures,  from  our 
curve  are: 

Temp 15**  30*  40*"  .50  **  60*  62. 6**      66** 

Pressure  (mm.) 360       107.8       199.0      368.1       660.0      760.0      9175 

Phosphorus  Pentachloride. 
Previotis  Observations. — ^Although  there  has  been  much  work  and  dis- 
cussion on  the   dissociation  of  the  superheated  vapor    of    phosphorus 
pentachloride,  neither  the  pressiu-e  nor  the  density  of  the  vapor  in  equi- 
fibrium  with  the  solid  phase  has  ever  been  determined.    The  sublimation 
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point  for  phosphorus  pentachloride,  based  on  qualitative  work  of  Cas- 
selmann,^  is  usually  given  as  140-148®.  Recently,  Prideaux,*  by  intro- 
ducing a  thermometer  into  vapor  of  phosphorus  pentachloride,  found  the 
vapor  to  condense  at  a  temperature  of  160°.  This  he  accepts  as  the  lower 
limit  for  the  sublimation  point.  The  upper  Umit  is  the  melting  point, 
found  by  him  to  be  162°.  Our  work  gives  somewhat  higher  values  for 
both  the  boihng  and  the  melting  point.  This  was  to  have  been  expected, 
since,  in  otu"  experiments,  the  repeated  fractionation  expels  the  last  traces 
of  all  volatile  impurities. 

The  Present  Measurements. — Since  the  chlorinating  power  of  phosphorus 
pentachloride  is  extremely  high,  it  was  very  difficult  to  find  a  suitable 
confining  hquid.  A  fused  mixture  of  saturated  chlorides  might  be  expected 
to  have  no  action  on  the  vapors.  We  were  unable,  however,  to  devise 
such  a  mixture,  of  melting  point  sufficiently  low,  that  was  not  hygroscopic 
or  that  had  no  considerable  vapor  pressure  of  its  own.  Other  liquids  tried 
were  the  eutectic  of  silver  and  thallitun  nitrates  (m.  p.  67°),  the  eutectic 
of  silver  and  potassium  nitrates  (m.  p.  131  ®),  purified  mercury,  sulfur,  and 
r-— «.^..^.,^  paraffin.    ParaflSn,  the  least  active,  was  chosen  for 

^"---...^^^^^v  the  final  experiments.    The  sample  of  paraffin  used 

was  freed  from  its  more  volatile  constituents  by  heat- 
ing at  200®,  under  a  pressure  of  20  mm.  for  an  hour. 
It  was  then  placed  in  the  dynamic  isoteniscope  in 
which  slow  interaction  between  the  vapor  and  confining 
liquid  can  be  neglected.' 

The  phosphorus  pentachloride  is  contained  in  the 
small  bulb  to  the  right  (Fig.  6).    To  obtain  a  read- 
ing, the  pressure  in  the  isoteniscope  is  lowered  until 
the  pentachloride  sublimes  rapidly,  giving  a  rapid 
stream  of  bubbles  through  the  parafiin.    Then  the 
pressure  is  raised  until  the  point  is  reached  at  which 
the  vigorous  bubbUng  ceases.    The  pressure  required 
to  stop  the  sublimation  is  the  vapor  pressure  for  that 
particular   temperature.     The   readings   are    not    so 
accurate  as  are  those  taken  with  the  static  isoteni- 
.  scope  since  bubbles  of  gas  continue  to  be  produced 
^Wf  slowly,  as  a  result  of  the  interaction  of  the  paraffin 
and  phosphorus  pentachloride.     However,  the  bub- 
Wing  due  to  boiling  is  so  much  more  vigorous  than 
Fig.  6.— Dynamic  iso-  that  due  to  secondary  chemical  action  that  it  is  not 
teniscope.  difficult  to  determine,  with  fair  accuracy  (=*=5  mm.), 

'  Lub.  Ann.,  83,  257  (1852). 
'  J.  Clum.  Soc,  91,  1 714  (i9«7) 
■Smith  and  Menzies,  This  Journal.  32,  1457  (19*0). 
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when  the  former  ceases.  A  small  correction  must  be  applied  for  the  depth 
to  which  the  tip  is  submerged  below  the  surface  of  the  paraffin  and  for 
capillarity  in  the  tip.^ 

The  sample  of  phosphorus  pentachloride  used  was  the  product  of  a 
standard  manufacturer.  The  imptuities  suspected  were  the  trichloride 
(b.  p.  76®)  and  oxychloride  (b.  p.  107-110*).  These  impurities  were  re- 
moved from  the  phosphorus  pentachloride,  after  it  had  been  placed  in 
the  bulb  of  the  isoteniscope,  by  lowering  the  pressure  to  30  mm.  and  keep- 
ing the  temperature  of  the  surrounding  bath  at  120°  until  over  half  of  the 
sample  had  been  volatilized.  It  may  safely  be  assumed  that,  in  this  way, 
an  the  easily  volatile  impurities  were  driven  out  past  the  paraffin  seal. 
This  condusion  was  confirmed  by  the  fact  that  subsequent  boiling  out 
did  not  alter  the  pressure  fotmd  at  a  given  temperature.  Nonvolatile 
impurities  would  have  no  effect  on  the  vapor  pressure,  so  long  as  any  pure 
phosphorus  pentachloride  remained  as  solid  phase. 

The  Results. — ^The  results  are  tabulated  in  the  usual  form. 


Tari.s  X] 

\ —  Dissociation  Prbssurss  of  PCU— Obsi 

RRVATIONS. 

TcinpcrAfciifc 

ML  (Mm.). 

Obwd. 

A. 

31 

98.08 

98.13 

— 0.05 

60 

108.31 

108.22 

+0.09 

15S 

126.10 

125.96 

4-0.14 

219 

132.71 

133.00 

— 0.29 

347 

143.68 

144.02 

—0.34 

492 

152.42 

152.46 

— 0.04 

606 

157.63 

157.69 

— 0.06 

748 

162.58 

162.30 

+0.28 

915 

166.89 

(Uqtiid) 

The  phosphorus  pentachloride  melted  at  a  point  just  below  the  last 
temperature  observed.  As  was  to  have  been  expected,  the  pressure 
(marked  +,fPig.  7)  of  the  liquid  (915  mm.  iat  166.89**)  fell  considerably 
below  the  corresponding  point  on  the  smoothed  curve  for  the  vapor  pres- 
sure of  the  solid  (=  i.o^  equivalent  to  about  40  mm.). 

The  dissociation  pressures  for  rounded  temperatures  are: 

Temp 90**      i2o'      140'      150*      i6o'      162.8*        167** 

Pressure  (Mm.).     18         117        294        445        670        760  9i9(liq.) 

The  heats  of  vaporization  for  the  various  substanqes  will  be  calculated 
after  the  degrees  of  dissociation  have  been  determined. 

Summary. 
I.    The  dissociation  pressures  of  seven  substances  have  been  deter- 
mined for  the  following  ranges  of   temperature  and  pressure:    NHiBr 
'  Pot  the  simple  method  of  finding  the  sum  of  these  corrections,  see  Smith  and 
Mcixies,  Tms  JounNAt,  3a,  1449  (19x0). 
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(300 ^-403^  35-935  mm.),  NHJ  (3io**-4io*;  48^57  mm.),  NH4a  (250^- 
350 "";  50-1063  mm),  N(CHs)4Cl  (i9o**-233.3^;  120^60  mm.),  NCCH,)*! 
(240 ''-307*;  81-799  mm.),  PH4I  (19.2-65.7'';  50-900  mm.),  PC1b(9o-i67**; 
18-919  mm.). 
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Fig.  7. 

2.  The  measuxements  on  PCU  were  made  with  the  dynamic  isoteni- 
scope;  all  the  others  with  the  static  isoteniscope,  by  means  of  which  the 
pressure  may  be  determined  to  afeo.  i  nun.  A  platintmi  resistance  thermom- 
eter sensitive  to  ^o.i^  was  used. 

3.  The  temperatures  at  which  the  various  compounds  were  found  to 
have  a  dissociation  pressure  of  760  mm.  are:  NHiBr  (394.6^),  NH4I 
(404.9'').  NHiQ  (337-8^).  N(CH,)4  (3055**)  PH4I  (62.6^).  and  PCU 
(162.8*). 

NiCBOU  LABomATOBiM  ov  Imosoaiik  CsamsnT, 
Columbia  Unxvssutt,  Nsw  Vton  Citt. 


POSITIVE  IONS  FROM  NON-METALLIC  ELEMENTS.  L  A  STUDY 

OF  THE  PRECIPITATION  OF  METALS  FROM  SOLUTIONS 

OF  THEIR  SALTS  BY  YELLOW  PHOSPHORUS. 

By  R.  M.  Biss  AND  S.  H.  Diggs. 
Received  A|«l  23.  1914. 

Introduction. 
It  has  long  been  known  that  yellow  phosphorus  will  precipitate  certain 
metals  (Pt,  Au,  Ag,  Hg,  Cu)  from  a  solution  of  the  salts  of  these  metals. 
Berzelius  made  use  of  the  fact  that  silver  is  completely  predpntated  from 
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its  salts  by  phosphorus  to  determine  the  combining  weight  of  phosphorus.^ 

In  1836,  Vogel  stated  that  when  phosphorus  acts  on  a  solution  of  copper 
sulfate,  there  is  formed  sulfuric  add,  phosphoric  add,  and  phosphide  of 
copper  only.* 

Straub  (1903)  made  a  study  of  this  reaction,  and  found  that,  in  all  cases 
studied  by  him,  phosphoric  add,  sulfuric  add,  phosphide  of  copper,  and 
metallic  copper  were  formed.  He  determined  the  ratio  of  the  sulfuric 
add  to  the  phosphorus  in  the  solution  as  phosphoric  add  at  the  end  of 
the  reaction  and  fotmd  it  in  several  experiments  to  be  as  follows:  8.2, 
7-6,  7-9.  6.4,  7.4,  7.5  and  8.0;  to  i. 

Prom  this  he  conduded  that  one  jitom  of  phosphorus  displaces  two  atoms 
of  copper  from  solution.  (The  figures  are,  however,  far  nearer  to  2.5 
Ca  to  I  P.)  He  tried  to  find  a  ratio  between  the  copper  sulfate  and  the 
total  phosphorus  (i.  e.,  the  phosphorus  in  solution  and  that  combined 
as  phosphide  of  copper),  but  his  results  were  so  very  irregular  that  he  con- 
cluded the  reaction  must  proceed  by  steps,  and  that  no  equation  could  be 
written  to  express  it.* 

Christomas,^  Tauchert,*  Come,'  Granger,^  and  others  worked  on  this 
or  similar  reactions  of  phosphorus.  Though  all  of  these  workers  proposed 
equations  that  seemed  probable,  none  were  in  very  close  accord  witii  the 
experimental  data.  Nor  did  any  of  them,  so  far  as  we  can  find,  propose 
any  explanation  of  the  mechanism  of  the  reaction. 

The  Problem, — In  spite  of  the  fact  that  phosphorus  is  looked  upon  as  a 
typical  non-metallic  dement,  the  predpitation  of  certain  metals  by  it  in 
sqyparently  the  same  way  in  which  one  metal  is  predpitated  by  another 
metal  hi^er  in  the  "potential  series"  seemed  worthy  of  careful  work  to 
determine  if  the  phosphorus  reaction  is  ionic  or  not.  The  analogy  to 
sodi  a  reaction  as  zinc  displacing  copper  under  similar  conditions  is  very 
striking.  Such  reactions  are  probably  always  ionic.  Apparent  exceptions, 
such  as  the  reduction  of  ammoniacal  solutions  of  silver  by  aldehydes,  are 
almost  certainly  dectrolytic  also.' 

Choice  of  the  Metallic  Salt. — ^While  silver  is  predpitated  quantitativdy, 
its  use  is  objectionable  because  of  the  fact  that  the  only  practical  salt  to 
use  is  the  nitrate,  and  nitric  add,  even  when  dilute,  will  appredably  act  on 
jtOow  phosphorus.  The  chlorides  of  copper  and  mercury  were  tried  and 
rejected,  because  in  both  cases  the  ''ous''  salts  are  formed  and  afterwards 

*  Berzdius,  Gilbert's  Ann.,  53,  433;  Pogg,  Ann.,  8,  17. 

*  Vogd,  /.  ffrakt.  Chem.,  8,  109. 

*  Straub,  Z.  anarg.  Chem.,  3Sf  460  (1903). 

«  Christomas,  Z.  anorg.  Chem.,  41,  307  (1904). 

*  Taticbert,  /M.,  79»  35o  (1912)- 

*  Come,  /.  Pharm.  Chim.,  6,  323. 

'  Gnusger,  Compt.  rend.,  zaa,  14S4  (1S97). 

*  Compare  StiegliU,  "Analsrtical  Clttinistry"  (theoretical  part).  Vol.  i,  p.  3- 
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decomposed.  This  introduced  an  unnecessary  complication.  Sulfuric 
acid,  even  when  of  5  iV  strength  and  boiling  hot»  did  not  appreciably  act 
on  phpsphorus;  so  that  all  things  being  considered,  copper  sulfate  seemed 
the  best  salt  with  which  to  work.^ 

Plan  of  the  Work. — ^The  plan  of  the  work  was: 

(a)  To  make  a  complete  analysis  of  solutions  after  sticks  of  yellow  phos- 
phorus had  been  left  in  them  for  a  sufficient  time. 

(6)  To  determine  the  equation  which  represents  the  reaction,  if  possible. 

(c)  To  make  a  study  of  the  probable  mechanism  of  the  reaction  by  phys- 
ical-chemical methods. 

Experimental. 

Qualitative  Results. — i.  About  200  cc.  of  0.5  N  copper  sulfate  was  placed 
in  a  glass-stoppered  Brknmeyer  flask  and  several  small  sticks  of  dean  yel* 
low  phosphorus  were  dropped  into  it.  After  about  a  week,  the  solution 
was  analyzed  and  found  to  contain: 

Copper None 

Phosphoric  add In  large  amount 

Phosphorous  acid Appreciable 

Hypophosphorous  acid Doubtful 

Sulfuric  add In  large  amount 

The  precipitate  was  found  to  be: 

(a)  Chiefly  a  bright,  clean  tube  of  metallic  copper  surrounding  the 
stick  of  phosphorus. 

(6)  A  thin  inside  coating  of  black  phosphide  of  copper,  next  to  the 
phosphorus. 

Many  experiments  were  carried  out  to  determine  the  effect  on  the  re- 
action of  varying  the  concentration  of  the  copper  sulfate  solution,  and  also 
the  effect  of  the  sulfuric  acid  formed  during  the  reaction.  Greater  and  less 
concentrations  of  add  were  studied  in  order  to  magnify  its  effects.  The 
following  partial  summary  of  these  experiments  indicates  all  the  kinds  of 
results  which  were  obtained: 

Partial  Summary  of  Qualitativb  Expbrimsnts. 

2.  Copper-sulfate,  0.5  J\r,  equal  vol.       (At    once    and        f  Film      copper-phosphide, 

cone.  HiSO*  after  24  hrs.)         \      trace  HtPO* 

3.  Copper-suifate,  diluted  H1SO4  Same  afr2 

4.  Copper-sulfate,  further  dilutions     (After  60  hrs.)  f  Copper-phoaphidc^    pho9- 

of  acid  ^      P**^"^  **^*  ^^^^^  ^^' 

\      salt  in  sol. 

{Metallic  copper,  splotches 
of  phosphide,  HtPO*, 
etc. 

^  In  one  experiment  phosphorus  was  permitted  to  remain  in  equivalent  strengths 
of  copper  sulfate  and  stdfuric  acid  for  about  five  months  without  a  detectable  quantity 
of  phosphorus  dissolving  in  the  sulfuric  acid,  and  without  any  further  solution  of  the 
phosphorus  in  tlye  copper  sulfate  than  corresponds  to  the  reactions  here  given. . 
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Gopp«r-«alfite,o.5  i^,«qiialToL 

Copper-sulfate,  acid  consider- 
ably under  0.25  N 


(After  24  hr».) 
(After  24  hfB.) 


8.  Copper-sulfate,  add,  very  dihite     (After  24  hrs.) 

9.  Copper  ndlale  only,  0*5  N  and 

other  moderate  dilute  sols. 

10.    Copper-snlfate,  very  dilute  sob. 


II.  Predp.  copper, bric^t  and  dean, 
in  distilled  water  or  ori^^inal 
soL 


Copper-sulf  ate,  0.5  N,  equal  vol. 
2.5  N  NHi  sol. 


(After  24  hrs.) 


j  Metallie     copper     only, 
\     HtP04,  etc.  (same  as  z) 
/  Copper,    spots   of    phos- 
\     phide,  HiPOi,  etc. 
f  Copper-phosphide,     little 
\      copper,  HjPOi,  etc. 
f  Metallic  copper  only  (at 
\      first),      B^O^,      etc. 
[      (same  as  x) 
r  Copper,     more     or    less 
\     phosphide,  H1PO4,  etc. 
Layer  of  pho^hide  next 
to  phosphorus  iticreafl- 
ingwitfa  time  until  no 
copper   remains.      No 
further  sol.  of  P  in  HtO 
Dead  blade   coating,   no 
copper  seen.    No  Cu- 
salt  left  in  sd. 


Quantitative  Results.  The  Determination  of  the  Acids  of  Phosphorus. — ^The 
phosphoric  acid  was  determined  as  magnesitim  pyrophosphate.  In  all 
cases  10  cc.  samples  were  used.  Separate  samples  were  oxidized  very  thor- 
cagfaly  with  hydrogen  peroxide  and  £hen  the  phosphoric  acid  determined 
as  before.    The  results  agreed  dosely  and  averaged: 

MftnOr  before  oxidixing.  MsiBK>t  after  oxidizing. 

0.lio6g.  O.ZX98g. 

o .  4968  miDi-mols.  o .  5382  milli-mols. 

Henoe  the  number  of  gram  atoms  of  lower  adds  of  phosphorus  in  10  cc. 
»  (0.5382 — 0.4968)  =«  0.0414  X  2  X  10**.  That  is,  0.0828  milli-mols  of 
lower  adds  in  eadi  10  cc.  of  the  solution. 

In  other  samples,  after  the  sulfpric  add  had  been  predpitated  as  barium 
sulfate,  the  dear  filtrates  were  treated  with  an  excess  of  mercuric  chloride 
to  determiae  the  quantity  of  lower  adds  of  phosphorus.  The  predpitated 
calomel  weighed  0.0315  g.  If  we  assume  the  lower  add  of  phosphorus  to 
be  phosphorous  add,  this  corresponds  to  0.0669  milli-mols;  if,  however,  we 
assume  the  reducing  add  to  ht  hypophosphorous  add  it  corresponds  to  only 
half  as  many  mols.^ 

A  fresh  sample,  treated  with  an  excess  of  common  salt  and  mercuric 
chloride,  gave  0.0370  g.  of  calomel.  This  corresponds  to  0.0783  miUi-mols 
cf  reducing  phosphorous  add. 

If  we  assume  that  only  phosphoric  add  is  formed,  we  should  have  enough 

total  add  (sulfuric  and  phosphoric)  in  10  cc.  of  the  solution  to  neutralize 

60  c.  of  o.i  N  alkali  when  using  methyl-orange  as  indicator,  and   70  cc. 

1  It  is  certain  that  some  of  the  redudng  add  was  oxidized  during  the  time  of  pre- 

«ri»«ting  and  filtering  the  barium  sulfate. 
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when  using  phendphthalein  as  indicator.  The  di£Ference  should  be  10  cc. 
and  corresponds  to  one-third  of  the  phosphoric  acid  jmesent.  (This  is 
calculated  on  the  basis  of  the  analysis  previously  given.) 

Three  separate  samples  were  titrated  with  accurately  standardized 
NaOH  solution.  The  results  were  the  same  in  all  to  within  o.  z  cc.  and  aver- 
aged as  follows:  with  phenolphthalein,  69.5  cc.  and  with  methyl-orange, 
58.5  cc.  That  is,  the  difference  between  the  titration  figures  using  phenol- 
phthalein  as  indicator  and  those  using  methyl-orange  as  indicator  is  1 1  cc. 
whereas  we  should  theoretically  expect  10  cc.  While  this  method  is  far 
from  an  exact  one,  it  indicates  that  about  10%  of  the  total  adds  of  phos- 
phorus present  were  other  than  phosphoric.  This  is  in  rough  agreement 
with  the  results  found  by  the  calomel  method. 

The  Determination  of  Sulfuric  Add. — ^A  determination  of  the  sulfuric 
add  (as  barium  sulfate)  showed  that  the  SO4  content  had  not  changed; 
i.  e,,  the  sulfuric  add  had  not  been  reduced. 

The  original  solution  contained  2,5  milli-atoms  of  copper  in  10  cc;  hence, 
we  have  very  nearly  5  atoms  of  copper  displaced  by  2  atoms  of  phosphorus.^ 

The  Formation  of  Copper  Phosphide, — Some  of  the  sticks  of  phosphorus 
that  were  completely  covered  by  a  bright  coating  of  metallic  copper  were 
removed  from  the  solution  and  placed  in  a  jar  of  distilled  water.  In  a  few 
weeks  the  copper  had  entirdy  disappeared  and  there  remained  nothing 
but  a  mass  of  phosphide  of  copper  and  phosphorus.  This  convinced  us 
that  the  formation  of  the  phosphide  of  copper  is  a  secondary  reaction  taking 
place  between  the  metallic  copper  and  phosphorus,  and  not  between  the  sul- 
fate of  copper  and  phosphorus,  as  was  thought  by  Straub,  Tauchert  and 
others. 

Probable  Reactions, — ^The  quantitative  results,  show  that  the  atomic 
ratios  involved  are,  in  round  numbers,  5  of  copper  to  2  of  phosphorus. 
The  simplest  equation  that  will  represent  this  fact  is, 

5  CUSO4  +  2P  +  8H2O  =  sCu  +  5HsS04  +  2H,P04.* 

The  reaction  given  above  is  undoubtedly  the  essential  reaction  involved, 
but  this  does  not  tell  anything  of  the  nature  of  the  reaction  or  the  role 
played  by  phosphorus  in  it. 

The  Origin  of  the  Lower  Phosphorus  Acids. — ^It  is  known  that  yellow 
phosphorus  will  reduce  phosphoric  add,  partly,  to  phosphorous  and  hypo- 
phosphorous  acids.    This  we  believe  to  be  the  way  in  which  the  -ous  acids 

'  2.5/2(0.4968)  =  5/2. 

'  The  ratio  of  the  phosphonis  to  the  sulfuric  add  involved  in  the  above  reaction 
is  I  to  7.9.  This  is  about  the  same  as  Straub  found,  but  he  was  so  sure  that  a  phos- 
phide was  first  formed  that  he  interpreted  his  figures  to  give  two  atoms  of  copper  to 
one  of  phosphorus,  instead  of  the  far  more  accurate  value  of  five  atoms  of  copper  to  two 
of  phosphorus.  The  reaction  as  we  have  deduced  it  is  given  by  Tauchert  as  being  one 
of  several  reactions  that  take  place  more  or  less  simultaneously.  He,  too,  believed 
that  a  phosphide  of  copper  was  directly  formed  from  the  sulfate. 
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in  the  analyzed  solutions  originated.  For,  if  this  be  correct  we  should 
expect  to  find  less  phosphoric  add  than  is  indicated  by  the  given  reaction 
and  more  total  phosphorus  in  solution  than  is  thus  indicated.  This  is  in 
accord  with  the  figures  given  on  page  1385  and  the  fact  that  the  quantity 
of  lower  adds  increases  with  time.  On  the  whole,  the  origin  of  the  phos- 
l^iofxxis  add  is  not  of  very  great  importance  for  our  investigation. 

Physical  Chemical  Data. 

1.  It  was  observed  that  the  metallic  copper  was  formed  only  on  the 
surface  of  the  phosphorus^  or  on  the  surface  of  a  conductor  connected  with  the 
stick  of  phosphorus.  That  is,  the  phosphorus  and  any  conductor  con- 
nected with  it  becomes  plated  with  copper,  just  as  would  be  the  case  if  iron 
or  zinc  were  used  in  place  of  the  phosphorus.  In  no  case  did  metallic 
copper  form  on  the  surface  of  the  glass  beaker  or  any  other  non-conductor 
connected  with  the  phosphorus.  A  piece  of  platinum  wire  wrapped 
around  a  stick  of  phosphorus,  and  extending  upwards  in  the  solution, 
becomes  well  plated  with  copper  for  a  distance  of  several  centimeters  above 
the  phosphorus. 

2.  Two  side-neck  test  tubes  were  joined  by  means  of  a  piece  of  rubber 
tubing;  in  one  was  put  about  5  cc.  of  0.5  N  copper  sulfate  and  in  the  other 
an  equal  quantity  of  0.5  N  silver  nitrate.  A  piece  of  phosphorus  was  put 
into  the  stiver  nitrate  and  joined  by  means  of  a  platinum  wire  to  the  copper 
sulfate  solution.     (See  Fig.  i.)     Both  tubes  were  then  filled  with  magne- 


/^^z 


amn  sulfate  solution.  The  wire  in  the  copper  sulfate  soon  became  coated 
with  copper,  and  in  about  two  weeks  all  copper  and  silver  had  been  thrown 
out  of  solution.  A  control  experiment,  in  which  the  platinum  wire  was 
used  without  phosphorus  showed  no  reaction. 

Similar  experiments  were  performed  using  a  porous  alundum  cylinder 
in  a  glass-stoppered  weighing  flask.     (Fig.  2.)    The  results  were  identical 
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with  those  obtained  in  the  above  described  experiment,  except  that  the 
action  was  mudb  more  rapid.  A  control  experiment  without  the  phos* 
phorus  gave  no  precipitate  of  metal. 

These  facts  and  the  analytical  data  strongly  indicate  an  electrcd3rtic  dis- 
placement. The  phenomena  cannot  be  explained  on  the  theory  of  a  con- 
centration cell,  because  of  the  negative  results  fix)m  the  control  experi- 
ments, and  also  because  of  the  fact  that  when  a  platinum  wire  is  wrapped 
closely  around  the  phosphorus  and  does  not  extend  out  into  the  solution, 
both  wire  and  phosphorus  become  heavily  plated  with  metal. 

Explanation  of  the  Phosphorus-Copper  CeU. — ^The  qualitative  experiments 
discussed  above  convinced  us  that  phosphorus  and  copper  really  do  form 
a  true  cell,  just  as  any  two  metals  do.  This  seems  improbable  at  the  first 
glance  because  of  the  position  of  the  two  elements  in  the  published  ''poten- 
tial series,"  and  of  the  supposed  non-existence  of  positively  charged  phos- 
phorus ions.    However,  we  adopted  the  following  as  a  working  hypothesis : 

(a)  The  phosphorus  goes  into  solution  to  an  infinitesimal   extent   as 
P+++++  ions,  thus  leaving  the  stick  of  phosphorus  charged  negatively. 
Owing  to  the  exceedingly  small  solution  pressiu^e  of  phosphorus,  the  num- 
ber of  such  ions  would  be  small  relatively  to  the  ions  formed  in  the  case  of* 
ordinary  metals,  the  latter  even  being  very  small. 

(6)  These  positively  charged  phosphorus  ions  react  with  the  relatively 
abundant  hydroxyl  ions  (of  the  water)  to  form  phosphoric  add  almost 
completely.  This  caused  the  concentration  of  the  positively  charged  phos- 
phorus ions  to  be  exceedingly  small,  but  not  zero. 

{c)  If  the  negative  charge  on  the  stick  of  phosphorus  is  neutralized 
(say,  by  the  Cu+"^  ion),  then  more  phosphorus  must  go  into  solution  in 
the  efiFort  to  re-establish  equilibrium.  This,  in  turn,  will  react  with  the 
hydroxyl  ions  present  to  form  more  phosphoric  acid  and  water.  This 
would  continue  until  one  of  the  reacting  substances  became  exhausted,  or 
until  the  concentration  of  the  hydroxyl  ions  becomes  small  in  comparison 
with  their  usual  concentration  in  water.  This  would  be  the  case  in  very 
strongly  add  solution/ and  this  may  be  the  explanation  of  the  fact  that 
phosphorus  did  not  predp^tate  copper  appredably  in  >.  very  strongly  add 
solution. 

The  dectromotive  force  of  the  phosphorus-copper  cell  is  given  by  the 
formula, 

E  =  0.0577  (1/5  log  Vi/pi  —  1/2  log  P2//4) 
where  Pi  is  the  solution  pressiu^e  of  phosphorus,  and  pi  the  osmotic  pres- 
sure of  the  P+++++  ion;  P2  the  solution  pressure  of  copper,  and  pt  the  os- 
motic pressiu-e  of  the  Cu++  ion.^ 

The  value  of  Pi  is  unknown,  and  there  is  reason  to  bdieve  that  the  solu- 
tion pressm-e  of  cupric  copper  is  smaller  (relatively)  than  is  commonly 
I  Nemst,  "Theoretical  Chemistry."  pp.  753-759- 
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si^ipoeed.  Be  this  as  it  may,  the  soluticm  pressure  of  phosphorus  is  cer- 
tainly even  smaller,  but  ^  is  so  very  small  in  comparison  with  f%  that  we 
may  expect  E  to  be  positive;  i.  e.,  we  may  expect  phosphorus  to  be  the 
mgaiive  electrode  with  respect  to  copper,  just  as  iron  would  be.  The  reason 
however,  is  different;  for  in  the  case  of  iron  it  is  due  to  a  larger  solution 
pressuie  and  in  the  case  of  phosphorus  to  a  smaller  osmotic  presstu-e. 

The  above  hypothesis  looks  upon  phosphorus  as  playing  the  same  role 
cs  do  metals  while  passing  into  sobiHon  from  the  solid  form. 

A  phosphorus  sulfate  (analogous  to  the  zinc  sulfate  in  a  Daniell  cell) 
is  not  farmed  because  phosphorus  functions  so  weakly  as  a  base  that  such 
a  salt,  if  formed,  would  be  immediately  hydrolyzed,  just  as  the.  chlorides 
of  phosphorus  are  known  to  be. 

If  the  h3rpothesis  outlined  above  be  tentatively  accepted,  the  reaction 
between  phosphorus  and  copper  sulfate  becomes  easy  to  explain;  it  is 
simply  an  interchange  of  ionic  charges,  which  might  be  expressed  thus: 

5Cu+-^  +  2P  =  5  Cu  +  2P+++++ 

m  the  same  sense  that  we  write 

3CU++  +  2AI  «  3CU  +  2AI+++, 
or 

Cu++  -i-  Zn  =  Cu  +  2n+-^ 

The  equation  which  expresses  the  reaction  between  phosphorus  and  cop- 
per sulfate  would  be 

5CUSO4  +  2P  +  10H2O  =  sCu  +  2H3PO4  +  5H«S04  +  2H2O. 

Or,  so  far  as  concerns  the  formation  of  phosphCMtic  acid  it  would  be 

2P+++++  +  lo(OH)-  «  2P(OH)6  =  :2H,P04  +  2H,0.» 

Measurement  of  the  E.  M.  F.  of  the  Phosphorus-Copper  Cell. — In  order 
to  further  test  the  above  explanation  of  the  reaction,  cells  were  made  con- 
sisting of  a  copper  electrode  immersed  in  0.5  N  copper  sulfate  and  a  phos- 
f^ionis  electrode  immersed  in  various  solutions,  including  those  from 
wfaidi  all  copper  had  been  precipitated  by  phosphorus. 

The  apparatus  used  is  illustrated  by  Pig.  3.  The  copper  electrode  was 
of  the  usual  type,  and  the  phosphorus  electrode  consisted  of  a  glass  tube 
into  one  end  of  which  a  platinum  wire  was  sealed,  and  the  tube  filled  with 
mehed  phosphorus.  There  was  in  all  cases  at  least  3  cm.  and  usually 
5  cm.  of  phosphorus  below  the  end  of  the  wire.  This  work  had  to  be  done 
caiefully,  as  the  least  leak  gave,  virtually,  a  platinum  instead  of  a  phos- 

1  An  analogous  reaction  where  a  positive  ion  passes  into  solution  and  immediately 
reacts  with  negmthre  Urns  ahready  present  to  yield  a  negative  ion,  is  seen  hi  the  case  of 
alfcr  diasohdng  in  potasmm  cyanide  solution;  our  measurements  showed  that  the 
an&iolved  silver  is  charged  negatively  while  the  solution  is  taking  plaoe. 
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phorus  electrode.^  Out  of  more  than  a  dozen  of  such  electrodes  only 
three  showed  appreciable  leaks.    These  were  discarded. 

The  measurements  were  made  by  means  of  a  high  resistance  potentiom- 
eter, a  sensitive  galvanometer  of  the  D'Arsonval  t3rpe,  and  a  standard 
Weston  cell. 

Experiments  were  made  at  temperatures  ranging  from  o^  to  the  melting 
point  of  phosphorus;  and  with  samples  of  phosphorus  that  were  new  and 
colorless  as  well  as  with  some  that  had  been  in  the  laboratory  for  many  years. 


re 


/7^s5. 


Readings  were  made  during  a  period  of  more  than  four  months,  using  new 
and  old  electrodes,  some  having  been  exposed  to  diffused  daylight  till  the 
color  had  changed  to  a  red-brown.  In  aU  cases  the  phosphorus  was  nega- 
tive to  copper,  and  the  E.  M.  P.  was  about  0.35  volt.  It  is  believed  that  the 
true  value  is  somewhat  higher,  and  that  the  irregularities  are  due,  for  the 
most  part,  to  a  very  small  leakage.  The  very  small  conductivity  of  phos- 
phorus makes  important  a  leakage  that  is  ordinarily  negligible. 
'  Little  or  no  difference  was  to  be  found  between  immfrsing  the  phos- 
^  It  is  easy  to  know  if  there  is  a  bad  leak,  as  the  platinum  electrode  is  posUine  to 
the  copper,  f.  e.,  the  polarity  of  the  cell  is  reversed. 
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pborus  in  stdfuric  add  of  concentrations  varying  from  o.oooooi  N  to  $  N. 
There  was  also  little  di£ference  between  distilled  water  and  solutions  of 
magnestuin  sulfate,  sodium  sulfate,  or  that  from  which  the  copper  had 
been  precipitated  by  phosphorus. 

▼idoas  of  B.  M.  F.  cdf  the  Phoqihorus-Copper  Celii  Uaiiig  Various  Sam- 
plea  of  PluM^horus  and  Various  Solutions  in  which  to  Immerse 

it    Readings  Eztendinc  Ov^r  a  Period  of  Four  Months. 
Phosphorus  electrode  immersed  in  the  solution  from  which  the  copper 
had  been  precipitated  by  phosphorus: 

0.296.  0.296,  0.306,  0.308,  0.319. 

Fho^ihorus  immersed  in  distilled  water.  (No  reading  at  first  instant, 
hot  in  a  few  minutes  giving  the  following  values.  Two  different  electrodes 
were  used  at  different  times.) 

0.275;  0335. 

In  0.000001  N  sulfuric  acid;  0.380. 
In  0.001  N  sulfuric  add;  0.334,  0.330. 
An  other  recorded  values  are  given  below.    Various  electrodes  and  solu- 
tions were  used,  as  already  stated. 


0.301 

0.355 

0.430 

0.383 

0.330 

0.370 

0.430 

0.361 

0.324 

0.344 

0.382 

0.409 

0.303 

0.405 

0.387 

0.414 

0.257 

0.340 

0.374 

0.370 

0.300 

0.372 

p.  340 

0.365 

0.330 

0.354 

0.360 

0.374 

0.280 

0.398 

0.330 

0.400 

0.320 

0.350 

0.343 

0.400 

0.3x0 

0.340 

0.320 

0.450 

0.347 

0.399 

It  win  be  noted  that  the  latter  values  are  on  the  whole  markedly  higher 
than  those  first  taken.  This  is  believed  to  be  due  to  the  greater  care  taken 
to  prevent  electrical  leaks,  particularly  by  carefuUy  drying  and  greasing 
the  outside  of  the  tube  containing  the  phosphorus  electrode. 

These  values  include  aU  measurements  made,  except  in  those  few  cases 
in  which  actual  leaks  were  f otmd,  in  which  case  the  reading  was  reversed, 
just  as  for  a  copper-platinum  cell.  With  a  pooily  made  cell  the  readings 
were  in  the  above  direction,  but  low.  For  the  sake  of  completeness,  all 
<rf  the  latter  readings  are  given  below;  they  were  made  with  different 
solutions  at  different  times. 

0.170,     0.174,      0.106,     0.193,     0.203,     0.036,     0.020,     0.030,     0.I4I' 

Some  Precautions  to  be  Noted  in  Measuring  the  E.  M.  F.  of  the 

Phosphorus-Copper  CeU. 

I.  Owing  to  the  very  high  resistance  of  phosphorus  it  is  necessary  to 
use  a  high  resistance  potentiometer  and  a  sensitive  galvanometer. 
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2.  Care  must  be  taken  to  secure  a  balance  as  qtiickly  as  possible,  be- 
cause experience  shows  that  the  odl  is  easily  polarized,  *.  e.,  if  we  draw 
current  from  it  for  an  appreciable  time  the  voltage  drops,  or  if  the  cuirent 
passes  the  other  way  it  rises.  Using  storage  celb  it  was  found  posable  to 
'^d^arge"  the  phosphonks  electitod^  tillan  £.  M.  P.  of  nearly  a  vbit  was  db-' 
tained,  and  by  reversing  the  current  the  E.^M.  F.  fell  to  about  o.i  volt. 
It  slowly  recovered  its  normal  condition  in  both  cases^  however.. 

3.  It  should  be  remembered  that  very  smaU  electrical  leaks  (of  a  kind 
not  usually  important)  are  fatal  to  good  results. 

Conclusion. 

This  work,  and  some  other  not  yet  completed,  seenis  to  sustain  oiur  con- 
clusion in  a  very  definite  manner.  We,  therefore  feel,  justified  in  sa3dng 
that  in  displacing  certain  metals  from  their  salts,  phosphorus  first  passes 
into  solution  as  a  positively  charged  ion,  in  the  same  way  as  do  the  metallic 
elements.  We  further  believe  that  the  chief  distinction  between  the  so- 
called  non-metallic  elements  and  the  metalUc  elements  depends  upon  their 
tendency  to  hydrolyze  and  the  subsequent  ionization  of  this  product, 
rather  upon  their  ability  to  form'  positive  ions.^ 

Note. 

In  order  to  see  whether  or  not  the  above  is  a  general  reaction  of  the 
non-metaUic  elements,  and  to  throw  light  upon  the  electrochemical  charac- 
ter of  their  oxygen  adds,  experiments  are  now  being  conducted  with  the  fol- 
lowing: vanaditun,  arsenic,  antimony,  bismuth,  sulfur,  selenium,  chromium, 
molybdenum,  tellurium,  tungsten,  iodine,  carbon,  siHcon  and  boron. 
Cells  like  Fig.  2  are  being  used  and  there  have  been  obtained  precipitates 
of  metallic  silver  on  a  pure  gold  wire  in  contact  with  amorphous  carbon, 
amorphous  boron,  crystalline  silicon,  antimony  and  arsenic,  immersed  in  0.0 1  iV 
silver  nitrate  solution — one  solution  only  being  used  mside  and  outside  the 
porous  thimble.  Check  solutions  with  silver  nitrate  and  nitric  add  but 
without  the  non-metallic  element  have  shown  no  precipitates.  Carbon 
yields  carbonic  add;  the  others  have  not  yet  been  anal3rzed. 

The  reactions  of  solutions  of  phosphorus  in  various  solvents  in  contact 
with  solutions  of  salts  are  also  being  studied  in  light  of  the  above  results. 

An  e£Fort  is  being  made  to  obtain  a  comparable  potential  series  of  all  ele- 
ments and  to  determine  if  those  elements  (both  metallic  and  non-metallic), 
which  exhibit  different  valences  occupy  more  than  one  position  m  the  series. 

Univsuitt  o9  Vikoxnia, 
UNiTBiianY,  Va. 

^  See  the  note  which  follows.  Also,  for  an  excellent  discussion  of  the  part  played 
by  positive  ions  in  reduction  and  ondation  r^kctions,  as  well  as  a  discussion  of  certain 
ions  that  are  little  known,  see  "Qualitative  Chemical  Analysis,"  Vol.  X,  by  Julius  Stieg- 
litz. 
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nniDITT  AS  A  FUNCTION  OF  VOLUMB,  TBMPBRATURB  AND 
PRESSURE.     THE   EQUATION    OF   STATS,  AND   THE 
TWO  KINDS  OF  VISCOUS  RESISTANCE  SO- 
CALLED  "SLIPPING"  OF  GASES. 

[PRBUMJNARY.] 
By  BuoBxm  C  Bxmoram.^ 
Received  Aprfl  24.  1914. 

Fhiidity  and  Volume. 
Attention*  has  been  repeatedly  called  to  the  intimate  relationship  which 
exists  between  the  fluidity  of  a  liquid  and  its  volume.    Batschinski'  has 
recently  given  this  relationship  quantitative  expression.    According  to 

Iritn 

ri  =  c/v  —  W 
where  if  is  the  viscosity  of  the  Uquid,  v  the  specific  volume,  and  c  and  w 
are  characteristic  constants  for  the  given  liquid.     In  terms  of  the  fluidity 
p  =  i/i|,  ¥re  have 

0  «=  w  +  c^  (i) 

or,  the  volume  is  a  linear  function  of  the  fluidity,  w  being  the  HnnHng 
volume  toward  which  the  volume  approaches  as  the  fluidity  approaches 
zcfo.  If,  following  Batschinski,  we  call  v  —  w  the  free  volume,  the  law  may 
be  stated  in  the  very  simple  form,  the  fluidity  of  a  liquid  is  direftly  propor- 
titmal  to  its  free  volume.  Batschinski  has  found  remarkable  agreement 
between  the  observed  and  calculated  viscosities  for  a  large  numbar  of 
Equids,  it  apparently  making  no  difference  wheth^  the  change  of  volume 
is  {H-odaced  by  altering  the  temperatu|-e  or  the  pressure.  For  a  range  of 
temperature  extending  from  o^  to  the  boiling  point,  or  even  beyond  the 
(xtiinary  boiUng  point,  the  differences  seldom  exceed  i%,  except  with 
associated  substances  such  as  the  alcohols,  which  are  exceptional,  here  as 
elsewhere. 

The  above  law  is  really  an  extension  of  the  law  already  given,^  expressing 
the  relation  between  the  fluidity  of  a  suspension  and  its  volume  concen- 
tration. The  voliune  concentration  of  the  medium,  C2,  in  which  the  fluidity 
of  the  suspension  becomes  zero,  corresponds  to  the  volume  where  the 
fluidity  becomes  zero  in  pure  liquids.  If  m^  represents  any  volume  con- 
centration of  the  medium,  then  wj — Ct  corresponds  to  the  free  volume, 

^  For  eatiier  papers  of  the  author  on  this  general  subject  (cf.  Phys,  Rev.,  35,  407 
(1912));  [2]  If  96  (1913);  ^'  physik.  Chem.,  83,  641  (1913);  Trans.  Chem.  Soc.,  X03, 
959  (1913);  J'  Phys.  Chem.,  18,  157  (1914);  J-  ^^'  ^^i-  Chem.,  6,  233  (1914)- 

*Am.  Ckem.  /.,  35*  215  (1906);  43«  290  (1910);  45i  a68  ei  seq.  (19");  Z.  physUt. 
Chem.,  $3f  655  (1913)- 

'Amn,  de  la  Soc.  d'enceuragemeni  de  sciences  experimenUdes  ei  des  leurs  applications 
imnomde  Christophe  Ledengoff,  Suppl.,  3  (1913);  Z.  physik.  Chem.,  84,  643  (1913). 
^PMys.  Ree.,  35>  ^^.ttseq.  (1912). 
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and' tke  fluidity  of  the  stispensibn  is  directly  proportional  to  the  free  vol- 
ume.   From  equation  (9)  *  of  an  earHer  paper  by  the  author  we  get, 

^  «r  (tna  —  c^^lcx  '  (2) 

which  is  evidently  a  more  explicit  form  of  equation  (i)  above.  In  sus- 
pensions the  meditun  has  a  finite  fluidity,  hence  the  fluidity  of  the  suspen- 
sion tp  cannot  exceed  the  fluidity  of  the  medium  ^.  Pure  liquids  may  be  re- 
garded as  suspensions  in  space,  of  infinite  fluidity,  so  that  there  is  apparently 
no  limit  to  the  fluidity  which  may  be  obtained  by  indefinitely  increasing  the 
volume.  A  further  point  of  interest  in  this  connection,  is  the  fact  that 
the  concentration  of  its  zero  fluidity  in  a  suspension,  is  independent  of  the 
temperature  or  of  the  nattu'e  of  the  medium. 

The  Equation  of  State. 
If,  in  van  der  Waals'  equation, 

{fi  +  a/%){i;  —  6)  -  RT, 
we  substitute  for  the  volume  its  value  in  terms  of  u;  +  op,  we  obtain  a  for- 
mula in  which  the  fluidity,  temperature  and  pressure  are  variables.    Since, 
however,  the  pressure  is  constant  under  the  usual  conditions  of  viscosity 
measurement,  this  relation  becomes 

T  =  A^  +  C  +  B/^  +  D  —  E/(^  +  D),  (3) 

in  which  A,  B,  C,  D  and  £  are  constants.  Over  any  ordinary  range  of 
temperature,  this  formula  may  be  simplified.  In  fact,  the  author  has  al- 
ready shown*  that  the  formula 

T  =  A^  +  C-B/(^  +  D)  (4) 

will  reproduce  the  observed  fluidities  of  all  the  liquids  tested  with  very 
great  acciuucy.  For  all  but  the  most  highly  associated  liquids,  or  over  a 
very  wide  range  of  temperatiu-e,  the  formula  may  be  still  further  sim- 
plified to 

T  =  A^  +  C  —  B/^  (5) 

and  satisfactory  results  obtained.  Thus  for  seventy  substances,  the 
average  deviation  between  the  observed  and  calculated  values  of  the 
absolute  temperatiu-e  is  only  0.09%.  For  a  highly  associated  substance 
like  water,  the  average  deviation  is  0.17%,  but  with  Formula  (4)  it  becomes 
only  0.01%. 

In  a  similar  manner  one  obtains  a  formula  for  the  pressure  in  terms  of 
the  fluidity 

p  =  aT/(^  +  /3)  -  7/(^  +  «)^  (6) 

When  the  fluidity  or  the  temperature  is  very  great,  the  second  term  of 
the  right-hand  member  becomes  negligible  and  the  formula  represents 
an  equilateral  hyperbola.    Large  fluidities  and  high  temperatures  presum- 

1  Fhys,  Rn.,  35i  423  (1912). 

« Z.  physik.  Chem.,  66,  251  (1909). 
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Mf  bekmg  to  the  gaseous  state  and,  as  van  der  Waals'  equation  applies 
best  to  gases  where  the  volume  and  temperature  are  great,  we  might  look 
for  a  similar  fluidity  relation.  That  any  such  expectation  is  doomed  to 
(fisappointment  is  proved  by  Clerk  Maxwell's  observation  that  the  fluidity 
of  a  gas  over  a  short  range  of  pressures  and  temperatures  is  independent 
of  the  pressure,  which'  has  been  repeatedly  confirmed.  Thus  Equation 
(i)  s^yplies  to  liquids  but  certainly  not  to  rarefied  gases.  The  cause  of 
this  interesting  peculiarity  may  well  engage  our  attention  next. 
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Fig.  I. — ^Pteasure-fluidity  curves  of  carbon  dioxide. 

In  Fig.   I  are  drawn  the  pressure-fluidity  curves  for  carbon  dioxide 
far  the  temperatures  measured  by  Phillips.^    The  curves  are  drawn  as 
*  Proc.  Roy,  Soc,  [London),  87A,  48  (1912). 
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continuous  lines  between  the  observed  points.  The  broken  lines  have  been 
added  for  diagrammatic  purposes.  The  left  half  of  the  figure,  whicb 
corresponds  to  low  fluidity  and  temperature,  presents  a  striking  similarity 
to  the  familiar  presstu-e-volume  diagram.  At  the  highest  pressures,  the 
fluidity  is  not  greatly  affected  by  a  change  in  the  pressure,  e.  g.,  at  32^ 
and  a  pressure  of  120  atmospheres,  a  lowering  of  the  pressure  by  four 
atmospheres  causes  an  increase  in  the  fluidity  of  less  than  4%.  At  a 
lower,  pressure  the  fluidity  is  extremely  susceptible  to  changes  in  pressure, 
a  lowering  of  the  pressure  by  four  atmospheres  at  76  atmospheres,  causing- 
an  increase  in  the  fluidity  of  a  full  100%.  Both  the  gaseous  and  liquid 
phases  are  present  in  the  region  inside  of  the  Curve  kbmcL  The  right  side 
of  the  figure  is  quite  different  from  the  familiar  pressure-voltune  diagram. 
Instead  of  the  fluidity  being  highly  susceptible  to  chaises  in  pressure, 
it  is  biit  slightly  affected,  e.  g.,  at  32*  and  50  atmospheres  pressure,  a  lower- 
ing of  the  pressure  by  fotu-  atmospheres  causes  only  a  10%  increase  in  the 
fluidity.  Let  us  now  consider  carbon  dioxide  at  20^  which  is  well  belo^w 
the  critical  value.  At  high  pressures  the  fluidity  increases  lineady  from 
a  to  b;  there  is  then  a  sudden  increase  in  the  fluidity  from  1500  to  5300 
C.  G.  S.  units,  as  the  substance  passes  from  the  liquid  to  the  gaseous  con- 
ditioQ.  We  should  expect  the  fluidity  to  continue  to  increase  as  the  "pres- 
sure is  further  lowered,  giving  the  Curve  cd',  but  the  curve  actuiEdly  ob- 
tained is  cd.  It  is  genersdly  true  that  the  fluidity  of  liquids  increa^  with 
the  temperature,  while,  on  the  other  hand,  the  fluidity  of  gases  decreases 
with  the  temperature,  hence  the  pressure-fluidity  curves  for  different 
temperatures  must  cross  each  oth^r  It  is  interesting  to  note  t^at  the 
figure'  shows,  that  not  only  is  this  true,  but,  when  the  temperatures  ire  suflS- 
cientl^  high,  the  curves  all  tend  to  pass  through  a  particular  point  n ;  and  for 
lower  temperatures,  the  curves  tend  to  intersect  each  other  on  the  Curve  ncL 

The  fluidity  of  carbon  dioxide  at  atmospheric  pressure  for  o®,  ^o**  and 
100®,  as  obtained  fron  the  Tabellen  of  Landolt,  B6mstein  and  Meyerhoffer,. 
are  plotted  at  the  points  ^,/,  and  g,  respectively.  If  gnh  is  taken  to  represent 
the  hypothetical  pressure-fluidity  curve  of  carbon  dioxide  at  100®,  it  is 
evident  that,  for  this  temperature.  Maxwell's  law  holds  perfectly,  so  that 
the  fluidity  is  independent  of  the  pressure.  But  is  it  equally  evident  that 
it  would  hold  strictly  for  no  other  temperature.  At  0°  the  fluidity  curve 
of  gaseous  carbon  dioxide  is  approximately  pe,  while  for  the  temperature 
of  the  ordinary  boiling  point  of  carbon  dioxide  the  presstu-e-fluidity  curve 
would  apparently  be  Iq,  and  the  law  breaks  down  entirely.  What  would 
happen  if  the  temperature  were  raised  far  above  100**  would  be  very  inter- 
esting to  learn,  but  the  data  are  not  available  at  present. 

The  Nature  of  the  Two  Causes  of  Viscous  Resistance. 

That  the  pressure-fluidity  curves  do  not  follow  an  equation  of  the  vbm 
der  Waals  type  as  the  fluidity  increases,  may  be  due  to  the  appearance 
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of  a  new  cause  of  lesistance.  We  must  therefore  now  inquire  more 
partieidatly  into  the  nature  of  viscous  resistance.  Ft  has  long  been 
lealned  that  a  cause  of  viscous  resistance  in  gases  arises  from  the 
diffuaon  of  the  particles  of  layers  with  high  translational  velocity  into 
layers  whose  translational  velocity  is  lower,  and  vice  versa.  According  to 
this  ezpkmation  the  loss  of  translational  velocity  milst  increase  with  the 
temperature,  which  accords  with  the  fact  that  the  fluidity  of  a  gas 
ikcreas^^  as  the  temperature  is  raised.  -  •  • 

But  in  liquids  the  fluidity  increases  as  the  temperature  is  raised  and  it 
appears  that  tibere  is  a  second  cause  of  viscous  resistance  which  has  been 
repeatedly  attributed  to  the  attraction  between  the  molecules.  Bat- 
scfainsstd^  gives  this  conception  expression  in  the  following  terms :  '  'In  gases, 
the  properties  which  depend  upon  the  reciprocal  attraction  of  the  mole- 
cules manifest  themselves  only  slightly,  whereas  with  liquids,  on  the  con- 
trary, these  properties  are  of  prime  importance.  If  we  may  think  of  two 
parallel  layers  of  the  liquid  as  of  two  rows  of  men,  the  men  moving  in  the 
place  of  molecules,  we  must  require  these  men  to  take  hold  of  their  nearest 
neighbors  and  to  hold  them  for  a  time." 

This  explanation  seems  to  the  present  author  to  be  inadequate  for  the 
foflowing  reasons:  As  a  partide  A  comes  within  the  range  of  attraction 
of  a  partide  B  in  an  adjacent  lajrer  supposed  to  be  moving  more  slowly, 
the  partide  A  will  be  accelerated  and  only  after  passing  B  will  the  retar- 
<latkm  take  place.  I  see  no  reason  why  these  two  actions  should  not  exactly 
oeiitralize  eadi  other,  in  which  case  none  of  the  translational  energy  will 
be  diangied  into  heat.  But,  perhaps  it  would  be  urged  that  the  retarding 
influence  is  more  like  chemical  combination,  since  the  partides  lay  hold 
00  each  other  and,  in  the  wonls  of  Batschinski,  "wahrend  einiger  Zeit 
festhahen."  If  the  partides  of  the  liquid  grasp  and  hold  each  other,  a 
kind  of  association  must  result  which  should  be  detected  by  some  physical 
method,  and  non-assodated  substances  ought  not  to  show  any  viscosity 
at  all.  As  a  matter  of  fact,  not  only  do  all  liquids  have  viscosity,  but 
mercury,  which  is  usually  regarded  as  non-assodated,  has  a  lower  fluidity 
than  many  highly  assodated  substances  sudi  as  water  and  alcohol.  This 
objection  may  be  avoided  by  assuming  that  this  grasping  and  holding  of 
the  partides  is  proportional  to  the  rate  of  shear  of  the  liquid,  so  that  it 
is  zero  when  the  liquid  is  at  rest;  but,  since  the  molecules  are  always  in 
rapid  vibrational  motion,  it  is  diflScult  to  see  how  the  small  translational 
motion  would  affect  the  attraction  in  a  way  to  produce  the  result  which  we 
observe. 

In  order  to  get  a  dearer  idea  of  the  nature  of  the  two  causes  of  viscous 
lesBtance  to  flow,  let  A  and  B  in  Pig.  2  represent  two  paralld  planes  at 
a  constant  distance  apart,  the  space  between  being  filled  with  the  viscous 
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substance.  For  the  simplest  casei  suppose  that  the  substance  is  a  gas  at 
so  low  a  pressure  that  the  distance  from  >1  to  B  is  small  in  ccmiparison 

A  y with  the  mean  molecular  free  path. 

*""'*"'""""""""""^"'~""'""~"""'~"    Let  the  surface  A  be  supposed  to  be 
*  moving  to  the  right  with  a  constant 

•  velocity  in  respect  to  the  surface  B 

•        which  may»  for  convenience  only,  be 
*  conceived  to  be  at  rest.    If  the  sur- 

3  faces  A  and  B  were  perfectly  smooth 

^^Z'  2.  and  unyielding  and  the  particles   of 

fluid  perfectly  elastic  spheres,  we  would  not  have  a  model  of  viscous  flow; 
for  as  the  particles  collided  with  these  surfaces,  the  angle  of  rebound  would 
in  each  case  be  equal  to  the  angle  of  impingement  and  since  there  is  conser- 
vation of  momentum,  no  translational  motion  could  be  transmitted  to 
or  from  the  walls,  u  e.,  the  "slipping"  would  apparently  in  this  case  be 
perfect.  In  order  to  obtain  a  model  of  viscous  flow,  we  are  therefore 
obliged  to  make  some  assumption,  and  the  simplest  and  most  probable 
one  is  that  the  surfaces  A  and  B  are  not  perfectly  smooth.  In  view  of  the 
known  discontinuity  of  matter,  the  least  degree  of  roughness  that  we  could 
well  assume,  is  that  the  surface  is  made  up  of  equal  spheres,  aU  of  whose 
centers  lie  in  the  same  plane  and  as  closely  packed  together  as  possible. 
That  there  is  a  greater  degree  of  roughness  in  all  ordinary  surfaces  is  prob* 
able,  but  it  suffices  for  our  present  purposes  to  show  that  this  simple 
assumption  in  regard  to  the  nature  of  the  surfaces  gives  a  workaUe  model 
of  viscous  flow.  In  a  model  of  viscous  flow  it  is  necesssry  for  the  mole^ 
cules  striking  the  surface  >1  to  be  given  a  component  of  velocity  in  the 
direction  of  the  viscous  flow.  We  shall  refer  to  this  as  translational  velocity 
in  contradistinction  from  the  disordered  vibrational  velocity  of  the  mole- 
cules. The  resultant  translational  velocity  of  the  molecules  is  evidently 
proportional  to  the  rate  of  efflux,  while  the  resultant  vibrational  velocity 
is  zero.  It  is  further  necessary  that  as  the  molecules  strike  the  surface 
5,  the  translational  velocity  received  at  >1  should  be  transformed  into 
vibrational  velocity  or  heat,  so  that  any  resultant  translational  velocity 
would  disappear  in  a  short  time  were  it  not  continually  supplied  at  the 
surface  A. 

That  the  model  described  above  meets  these  requirements  depends 
upon  the  truth  of  the  following  theorem:  When  a  series  of  elastic  par^ 
tides  strike  a  rough  surface,  the  resultant  component  of  velocity  along  ^ 
surface  will  be  diminished.  That  this  is  true  must  now  be  made  evident. 
Let  Af ,  N,  and  P,  in  Fig.  3  represent  the  section  through  the  centers  of 
three  of  the  greatly  magnified  spheres  supposed  to  make  up  the  surfaces 
in  Fig.  2.  Suppose  that  a  small  particle  were  to  strike  such  a  surface  at 
any  acute  angle  6.     It  is  evident  that  if  such  a  particle  is  to  strike  the 
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^ihefe  iV  in  the  plane  of  the  paper,  its  possible  paths  all  he  between  A 
and  G.  By  drawing  the  directions  of  the  particle  before  and  after  col- 
Hsioa,  assuming  that  the  angle  of  rebound  at  any  point  of  the  stuiace  is 
equal  to  the  angle  of  impingement,  we  find  that  for  possible  paths  between 
B  and  D  the  average  resultant  velocity  of  rebound  is  exactly  opposite  in 
direction,  although  diminished  in  amount.  For  paths  between  A  and  B 
a  partide  would  collide  with  M  on  rebounding  from  N  but  the  component 


I 


Fi^.   3. — A  diagram  illustrating  how   translatlonal   motion   becomes  changed    into 
vibrational  motion  by  striking  a  rough  surface. 

<rf  the  velocity  in  the  direction  NP  is  diminished.  Also  for  paths  between 
D  and  E,  as  well  as  between  F  and  G^  the  component  of  the  velocity  in 
the  direction  NP  will  be  diminished.  Only  between  E  and  F  is  the  com- 
ponent in  the  direction  of  flow  greater  after  collision  than  before.  But 
the  distance  EF  becomes  zero  when  ^  =  90**  and  it  has  its  maximum  value 
when  0  =  0^,  1.  e.,  when  the  translatlonal  motion  is  zero.  Since  all  of 
the  paths  between  A  and  G  are  equally  Ukely,  it  follows  that  for  this  sec- 
tion at  least,  the  average  translational  velocity  of  the  small  particles  is 
diminished  by  collision  irrespective  of  the  size  of  the  angle  or  of  the 
velocity  of  the  particle,  and  it  can  be  easily  shown  that  the  same  is  true 
even  if  the  partide  is  of  considerable  size.  The  same  must  be  true  a 
farHori  for  sections  other  than  the  one  passing  through  the  centers  of  the 
spheres,  for  then  there  must,  after  collision^  be  a  component  velocity  at 
right  angles  to  the  plane  of  the  paper  and  therefore  to  the  direction  of  flow. 
The  section  would  be  similar  to  the  one  given  except  that  the  circles  would 
not  touch,  the  spaces  between  them  corresponding  to  the  pores  in  which 
the  translational  velocity  is  quite  certainly  changed  to  disordered  motion. 
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It  follows  as  a  corollary  to  the  above  theorem  that  a  fluid  made  up  of 
elastic  particles  which  is  in  contact  with  a  rough  surface,  tends  to  have  a 
translational  velocity  identical  with  that  of  the  surface.  Thus  the  theorem 
explains  how  the  molecules  receive  a  velocity  as  they  strike  the  surface 
A  in  Fig.  2  and  also  how  that  translational  velocity  becomes  transformed 
into  vibrational  velocity  at  the  surface  B.  If  the  motion  of  A  were  sud- 
denly stopped,  it  follows  that  aU  of  the  flow  must  cease  in  a  time  which, 
for  gases  with  particles  having  a  velocity  expressed  in  kilometers  per 
second,  must  be  inappreciable.  It  is  to  be  particularly  noted  that  collisions 
between  molecules  of  a  gas  are  not  necessary  for  this  type  of  viscous  re- 
sistance. This  resistance  to  flow  is  caused  solely  by  the  diffusion  of  the 
molecules,  and  we  shall  refer  to  this  t3rpe  of  viscous  resistance  as  "dif- 
fusional  viscosity." 

The  Viscosity  of  a  Rarefied  Gas  and  Slipping. 

Further  it  is  important  to  observe  that  for  the  case  tmder  consideration 
where  the  molecular  mean  free  path  is  large  in  comparison  with  the  dis- 
tance between  the  surfaces  A  and  B,  the  viscous  resistance  must  be  di- 
rectly proportional  to  the  number  of  molecules  striking  a  unit  area  of  the 
surface  in  a  unit  of  time.  The  viscous  resistance  of  a  rarefied  gas  is  therefore 
directly  proportional  to  the  density,  i,  e,,  it  is  directly  proportional  to  the 
pressure  and  inversely  proportional  to  the  volume,  provided  that  the  tern- 
percUure  and  the  mass  of  the  molecules  remain  constant.  This  is  quite  dif- 
ferent from  the  law  of  Maxwell  for  gases  at  ordinary  pressures.  Such  a 
falling  off  of  the  viscous  resistance  at  very  low  pressure  has  actually  been 
observed  by  Kundt  and  Warburg,^  but  they  attributed  it  to  slipping.* 
Meyer*  has  pointed  out  that  this  so-called  "slipping"  is  directly  proportional 

1  Ann.  Physik  und  Chem.,  156,  177  (1875). 

*  By  the  term  "slipping/'  one  refers  to  the  movement  of  the  layer  of  liquid  which  is 
in  immediate  contact  with  the  boundary,  over  which  the  viscous  flow  is  taking  place. 
Ordinarily  it  is  assumed  that  this  layer  of  the  fluid  is  stationary  in  respect  to  the 
boundaxy  and  therefore  the  slipping  is  zero.  But  an  active  discussion  of  slipping  was 
started  when  Helmholtz  and  Piotrowski  (Wien.  Ber.,  40  (2a)  607  (1868))  announced 
that  they  had  found  a  very  perceptible  amount  of  slipping  by  vibrating  a  hollow, 
polished  metal  sphere,  which  was  filled  with  liquid  and  suspended  bifilarly.  However, 
the  work  of  Poiaeuille  {Mem.  presSnt.  par  divers  savants  d  V  academie  Roy.  des  Science 
de  I*  Inst,  de  France,  9|  333  (1836)),  Warburg  (Pogg.  Ann,,  140,  367  (1870)),  Wetham 
(Proc.  Ray.  Soc.,  48,  223  (1890)),  Couette  (Ann.  chdm.  phys.,  [6]  21,  433  (1890)},  and 
Ladenburg  (Ann.  Phys.,  [4]  27,  157  (1908))  seems  to  prove  that  slipping  never  occurs 
between  a  liquid  and  a  solid  and  regardless  of  whether  the  liquid  wets  the  solid  or  not. 
Ladenburg  repeated  the  work  of  Keimholtz  and  Piotrowski  and  found  that  they  had 
overlooked  a  point  in  the  theory  so  that  even  in  their  experiments  he  thinks  that  the 
slipping  is  negligible.  Similarly  it  is  admitted  that  slipping  does  not  occur  in  gases 
at  ordinary  pressures.  It  is  therefore  at  last  only  at  pressures  of  a  millimeter  of 
mercury  or  less  that  slipping  is  still  resorted  to  in  order  to  explsun  the  facts  of 
experiment. 

*  Kinetic  theory  of  gases. 
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to  the  free-path  which  is  inversely  propcHtional  to  the  density.  Hence 
the  observed  results  are  exactly  in  accord  with  the  above  law  and  we  do 
not  see  that  there  is  any  evidence  for  any  sUpping  at  all. 

The  eflFect  of  temperature  upon  the  viscosity  of  a  rarefied  gas  may  now 
be  deduced.  The  velocity  of  the  molecules  is  proportional  to  the  square 
root  of  the  absolute  temperature,  but  if  a  molecule  loses  its  translation^ 
velocity  when  it  collides  with  the  surface  B  and  similarly  receives  the  trans- 
lational  velocity  of  the  moving  surface  when  it  collides  with  A,  then  the 
absolute  amount  of  the  vibrational  velocity  of  the  molecules  will  not  effect 
the  transfer  of  translational  momentum  at  any  given  collision,  except 
as  it  win  affect  the  number  of  these  collisions  in  proportion  to  this  velocity. 
Hence,  the  viscosity  of  a  rarefied  gas,  at  constant  volume,  varies  directly  ay 
ike  square  root  oj  the  absolute  temperature,  provided  that  the  particles  of  the 
gas  remain  of  uniform  size.  If,  on  the  other  hand,  the  pressure  is  kept  con- 
stant, the  viscous  resistance  must  vary  ineersely  as  the  square  root  of  the  ab- 
solute temferature.  We  are  not  aware  that  there  are  at  present  any  ex- 
perimental facts  to  justify  this  conclusion  which  is  so  contrary  to  the  be- 
havior of  gases  at  ordinary  pressiu'es,  where  the  viscous  resistance  is  di- 
rectly proportional  to  some  power  of  the  absolute  temperatures.  The 
validity  of  this  law  depends  upon  the  assumption  that  a  molecule  on  col- 
lision assumes  the  translational  velocity  of  the  surface.  Any  other 
assumption  would  require  "slipping"  to  occur,  hence  the  testing  out  of 
the  above  law  ought  to  afford  valuable  evidence  upon  the  relative  rough- 
ness or  smoothness  of  different  surfaces. 

A  change  in  the  mass  of  the  molecules  of  the  gas  has  an  effect  upon  the 
viscous  resistance.  At  a  given  temperature  and  pressure  the  kinetic  theory 
requires  that  the  velocity  is  inversely  proportional  to  the  square  root  of  the 
mass.  The  effect  of  an  increase  in  the  mass  will  be  to  increase  the  transfer 
of  momenttun  in  proportion  to  the  mass,  but  the  decrease  in  velocity 
will  also  decrease  the  viscous  resistance  inversely  in  proportion  to  the 
square  root  of  the  mass.  Therefore,  the  viscous  resistance  of  a  rarefied 
gas,  at  a  constant  temperature  cmd  pressure,  is  directly  proportional  to  the 
square  root  of  the  molecular  weight,  but  is  independent  of  the  other  physical 
or  chemical  properties. 

The  viscous  resistance  of  a  rarefied  gas  may  be  calculated  as  follows : 
Let  u  be  the  translational  velocity  of  the  stuiace  A  in  respect  to  the  sur- 
foce  B,  the  distance  between  them  being  s,  and  let  N  be  the  number  of 
molecules  per  cubic  centimeter,  whose  molecular  weight  is  M,  the  density 
of  the  gas  being  p;  and  let  the  average  velocity  of  the  molecules  be  U. 
The  momentum  removed  from  A  at  each  collision  is  Mu.  The  number 
of  molecules  in  a  column  of  unit  cross-section  from  A  to  J?  is  N^  and  they 
will  reach  the  surface  A  at  the  average  rate  of  U/6s,  hence  the  total  force 
per  square  centimeter  required  to  maintain  the  motion  of  A  is 
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MuNu/6  =  Uu/6p 
The  viscosity,  which  is  the  force  required  when  w  =  i  and  5  =  i,  is 
therefore 

17  =  pU/65  (7) 

which  may  be  put  into  the  form 

Where  p  is  the  pressiu-e,  v  the  voliune,  T  the  absolute  temperature,  and 
K  a  constant. 

The  most  interesting  and  surprising  thing  about  the  above  formula  is 
its  requirement  that  the  viscosity  of  a  rarefied  gas  must  depend  upon  the 
dimensions  of  the  apparatus  used,  the  viscous  resistance  increasing  as  the 
space  between  the  two  stuiaces  is  reduced. 

Collisional  Viscosity. 

For  the  opposite  extreme,  we  may  conceive  of  a  very  viscous  liquid, 
two  layers  of  which,  C  and  D,  are  shovm  in  Fig.  4.    The  appearance  is  the 

same  as  if  a  small  portion  taken  from 

Fig.  2  had  been  greatly  magnified,  so  that 

^the  molecules  appear  as  disks  instead  of 

points,  except  that  the  molecular  concen- 

)\.«-/^^tration  is  greatly  increased.    The  effect 
/^""^      J  of  this  increased  concentration  is  to  in- 
•        ^     ^definitely  decrease  the  molecular  mean 
*^  free  path,  so  that  the  diffusional  viscous 

^'  ^'  resistance   is   negligible,  but  the  actual 

volumes  of  the  molecules  are  comparable  with  the  spaces  which  they  occupy 
and  collisions  are  immensely  more  frequent. 

Since  the  layer  C  is  nearer  the  surface  A  (not  shown)  than  is  D,  it  must 
move  more  rapidly  than  the  layer  D,  according  to  the  fimdamental  law  of 
viscous  flow  discovered  by  Newton.  The  molecules  of  this  layer  must  there- 
fore overtake  the  molecules  of  D  and  in  colliding  with  them  tend  to  impart 
translational  motion.  Thus  momentum  passes  through  successive  layers 
from  A  to  B,  and  if  B  is  free  to  move,  it  will  take  up  the  same  velocity  as 
A,  all  of  the  molecules  taking  part  in  the  translational  drift  toward  the 
right.  But  the  surface  B  is  assumed  to  be  at  rest,  hence  the  layer  C  must 
have  a  velocity  toward  the  right  which  is  permanently  higher  than  that 
of  D  by  a  fixed  amount  and  the  molecules  of  C  must  continue  to  overtake 
the  molecules  of  D  and  in  so  doing  to  impart  momentum  to  them.  But 
in  collisions  between  the  molecules  of  one  layer  with  the  molecules  of 
another  layer,  we  have  already  shown  in  connection  with  Fig.  3  that  trans- 
lational motion  is  continually  being  transformed  into  disordered  [motion. 
Hence  we  have  here  a  true  model  of  viscous  flow,  in  which^translational 
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motion  is  continually  being  transfonned  into  heat.  In  the  extreme  case, 
the  effect  of  diffusion  may  be  neglected,  the  viscous  resistance  being  due 
solely  to  the  collisions  produced  by  the  molectdes  of  one  layer  overtaking 
those  of  another  layer  of  smaller  translational  velocity.  We  shall  refer 
to  this  as  *'collisional  viscosity." 

From  the  model  described  above  we  believe  that  it  is  possible  to  deduce 
the  effects  of  changes  in  concentration,  pressure,  temperature,  and  size 
of  the  molecules  upon  this  t3rpe  of  viscous  resistance.  Without  attempt- 
ing an  elaborate  proof  at  this  time,  it  is  probably  clear  that  the  number  of 
collisions  of  the  particles  of  one  layer  with  those  of  another  layer,  due  to 
their  difference  in  translational  velocity,  will  be  directly  proportional  to 
the  number  of  particles  in  each  layer,  i,  e.,  to  the  concentration.  It  will 
also  be  directly  proportional  to  the  rate  of  shear  between  the  layers. 
Temperature  and  presstu'e  can  effect  this  resistance  as  they  affect  the  con- 
centration, but  not  otherwise.  An  increase  in  the  temperatiu'e  increases 
the  vibratory  motion  of  the  molecules  but  it  evidently  does  not  affect  the 
rate  at  which  the  molecules  of  one  layer  overtake  the  molecules  of  an  ad- 
jacent layer  which  is  moving  more  slowly.  Increasing  the  mass  of  the 
particles  would  increase  the  momentum  of  the  particles  and  hence  the 
viscous  resistance,  but  we  must  remember  that  with  the  increase  in  mass 
there  is  generally  an  alteration  in  the  volume.  Now  it  is  evident  that  the 
collisional  viscous  resistance  depends  both  upon  the  actual  volume  of  the 
particles  and  upon  the  volumes  which  these  particles  occupy.  If  the 
particles  are  to  be  thought  of  as  points,  there  could  be  no  collisions  and 
therefore  no  collisional  resistance  to  flow.  On  the  other  hand,  if  the  volume 
of  the  particles  themselves  could  be  made  exactly  equal  to  the  space 
which  they  occupy,  collisions  would  be  most  rapid  and  the  collisional 
resistance  would  be  a  maximum. 

The  fact  that  in  unassodated  liquids  the  fluidity  is  directly  propor- 
tional to  the  free  volume,  as  stated  above,  seems  to  indicate  that  col- 
lisional viscosity  is  almost  entirely  responsible  for  the  viscosity  phenomena 
in  ordinary  liquids.  It  is  also  clear  why  associated  liquids  are  exceptional. 
The  breaking  down  of  association,  as  for  example  by  heating,  would  cer- 
tainly furnish  cause  for  a  change  in  the  collisional  resistance,  since  dissocia- 
tion is  usually  accompanied  by  a  change  in  volume,  which  may  be  either 
in  the  actual  volume  of  the  particles  or  in  the  space  which  they  occupy  or 
both. 

The  Mixed  Regime. 

It  has  been  indicated  that  in  rarefied  gases  viscous  resistance  is  cer- 
tainly diffusional  and  in  very  viscous  liquids  it  is  probably  collisional. 
In  gases  at  ordinary  temperatures  and  pressures  the  viscous  resistance  to 
flow  is  evidently  the  sum  of  the  diffusional  and  collisional  resistances. 
The  total  viscous  resi^ance  iy  is  in  every  case  given  by  the  equation 
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V  ^  I1c  +  Vd'  (9) 

In  rarefied  gases,  the  coUisional  resistance  tic  is  equal  to  zero  and  in  very 
viscous  liquids,  the  diffusional  resistance  may  be  negligible.  In  all  other 
cases,  the  complete  formula  should  be  applied.  The  diffusional  viscous 
resistance  in  this  calculation  does  not  follow  the  simple  formula  given  for 
the  model  described  above,  in  connection  with  Fig.  2,  for  the  reason  that 
the  molecular  mean  free  path  affects  the  resistance  in  this  case,  since  it 
affects  the  number  of  layers  a  molecule  can  pierce  before  it  gives  up  its 
translational  momentiun.  The  diffusional  viscous  resistance  is  then  pro- 
portional to  the  free  path,  which  in  turn  is  inversely  proportional  to  the 
density.  We  found  that  in  a  rarefied  gas  the  diffusional  viscous  resistance 
is  directly  proportional  to  the  density,  hence  it  comes  about  that  in  this 
case  the  diffusional  resistance  is  independent  of  the  pressure.  This  is 
the  law  of  Maxwell,  which  may  be  formulated  as  follows: 

ri4  =  i/3pLU(i  +  ctty 
where  p  is  the  density,  L  is  the  molecular  mean  free  path,  t  is  the  tempera- 
ture Centigrade,  and  U  is  the  mean  velocity.     But  we  have  seen  above 
that 

11c  »  c/v  —  w 
hence 

If  =  c/v — w  +  1/3  pLU(i  +  aty,  (id) 

Since  diffusional  viscosity  becomes  important  only  when  the  volume  is 
large,  we  may  put  v  —  w  for  i/p.  We  wUl  introduce  the  absolute  tempera- 
ture T,  and  for  a  first  approximation  asstune  that  the  exponent  of  T  is 
unity,  u  ^.,  n  =  i.  This  is  the  value  deduced  from  the  theory  by  Max- 
well, but  experimentally  determined  viscosities  give  a  value  which  is  less 
than  unity.  But  this  discrepancy  may  conceivably  be  due  to  the  col- 
lisional  viscous  resistance  having  been  left  out  of  account.  We  thus  ob- 
tain an  equation  containing  only  three  constants,  which  may  be  written 
in  the  form 

P  — «^  .    . 

^"  A  +  BT(t;-u;)'  ^"^ 

This  equation  is  very  simple  and  convenient  to  apply.  The  following 
table  serves  to  show  to  what  extent  it  may  be  relied  upon  to  reproduce  the 
values  obtained  for  carbon  dioxide  in  both  the  liquid  and  gaseous  states. 

The  deviations  between  the  observed  and  calculated  values  are  greatest 
in  the  critical  zone  where  the  experimental  difficulties  are  the  greatest. 
However,  it  cannot  be  affirmed  that  the  agreement  is  within  the  experi- 
mental error,  for  apparently  the  deviation  is  systematic.  But  undoubtedly 
the  agreement  could  have  been  improved  by  introducing  another  constant, 
as  by  giving  the  exponent  of  T  in  Formula  (11)  some  other  value  than  unity. 
It  has  seemed  better  to  keep  the  formula  in  its  simple  form  for  the  present. 
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Tablb  I. — ^Ths  FX.UIDITY  OP  Carbon  Dioxide  as  Calcxtlatsd  by  means  of  the 

PoBMUijk^»(9 — w)/[A+BT(r — v)]wHBRSw»o.84i,Ao.oooa578,  AND  B  =4998, 

COMFAltBD   WITH   TH8   VaI«USS   ObSSRVSD   BY   PHILLIPS^   AT   VARIOUS   TbmFBRA- 
TURBS  AND  PrBSSURBS. 
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Table  I  (Caniinued). 
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1.  Attention  is  called  to  the  fact  that  the  fluidity  is  proportional  to 
the  "free  volmne,"  as  it  is  called  by  Batschinski,  not  only  in  pure  liquids 
and  mixtures  but  also  in  suspensions  of  solids  in  liquids. 

2.  Since  the  fluidity  of  a  liquid  is  proportional  to  the  free  volume, 
an  equation  resembling  that  of  van  der  Waals  may  be  used  to  reproduce 
the  fluidity  data  as  a  function  of  the  temperature  and  pressure. 

3.  Such  a  modified  van  der  Waals*  equation  breaks  down  utterly  when 
applied  to  gases,  where  a  priori  it  might  be  expected  to  apply  best.  This 
discrepancy  is  due  to  the  advent  of  an  additional  cause  of  viscous  resist- 
ance in  gases  which  does  not  apply  in  very  viscous  liquids.  Thus  the 
fluidity  of  a  gas  is  invariably  smaller  than  would  be  expected  from  the 
modified  van  der  Waals'  equation. 

4.  Viscous  resistance  in  gases  originates  largely  in  the  diffusion  of  the 
material  which  carries  with  it  translational  motion,  which,  in  turn,  by 
collisions  becomes  transformed  into  disordered  motion.  This  kind  of 
resistance  to  motion  is  called  "diffusional  viscosity." 

5.  But  in  viscous  liquids  the  resistance  to  flow  caused  by  diffusion  is 
quite  negligible.  The  resistance  is  shown  to  be  due  to  the  collisions  of 
molecules  of  one  layer  with  those  of  an  adjacent  layer  moving  at  a  slightly 
lower  velocity.  This  transfer  of  momentum  without  a  transfer  of  matter 
is  called  "collisional  viscosity." 

6.  The  viscosity  of  a  gas  or  liquid  is,  therefore,  the  smn  of  the  dif- 
fusional  and  coUisional  viscosities.  We  thus  obtain  an  approximate 
formula  <p  =  (v  —  w)/lA  +  BT(v  —  w)]  which  can  be  used  to  reproduce 
the  observed  fluidities  of  carbon  dioxide  with  considerable  fidelity. 

7.  Reasons  are  given  for  the  belief  that  slipping  does  not  occur  even 
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in  rarefied  gases.    The  apparent  viscosity  of  a  gas  as  it  becomes  rarefied, 
decreases  rapidly,  which  is  entirely  in  accord  with  the  theory. 

8.  In  gases  at  ordinary  temperatures  and  presstutss,  the  fluidity  de- 
creases as  the  temperature  is  raised,  but  the  fluidity  is  nearly  independent 
of  the  pressure.  Both  facts  indicate  that  diffusional  viscosity  is  of  pre- 
ponderatmg  importance  in  gases.  There  is  indication  (cf.  Fig.  i)  that  at 
very  low  temperattu-es  the  fluidity  of  gases  is  by  no  means  independent  of  the 
pressure,  being  inversely  proportional  to  the  pressure.  It  is  also  possible  that 
at  very  high  temperatures  the  fluidity  will  increase  with  the  pressure. 
It  appears  that  this  last  has  not  yet  been  observed,  but  should  so  para- 
doxical a  fact  be  discovered  it  would  seem  to  offer  a  striking  confirmation 
of  the  views  here  outlined. 

9.  The  fluidity  of  practically  all  liquids  increases  with  the  temperature 
and  decreases  with  the  pressure.  Most  liquids  expand  as  they  are  heated 
or  as  the  pressure  is  removed,  hence  we  may  attribute  the  increased  fluidity 
to  the  decreased  number  of  collisions.  Sulfur  and  water  are  exceptional 
in  their  behavior,  but  this  may  be  explained  on  the  basis  of  association. 

10.  In  nearly  all  liquids  an  increase  in  the  molecular  weight  causes  an 
increase  in  the  temperature  required  to  produce  a  given  fluidity,  and  this 
increase  in  temperature  is  proportional  to  the  increase  in  molecular  weight, 
in  a  given  homologous  series.  There  are  exceptions  to  this  generalization, 
such  as  formic  and  acetic  acids,  but  the  exceptions  are  more  apparent  than 
real,  since,  if  we  asstune  it  to  be  strictly  true  and  then  calculate  the  asso- 
ciation of  these  and  other  associated  substances,  we  obtain  values  which 
are  in  satisfactory  accord  with  the  values  given  by  other  methods. 

11.  These  deductions  from  the  kinetic  theory  can  be  extended  to  solids 
and  an  explanation  obtained  for  various  phenomena.  The  more  nearly 
perfectly  elastic  a  substance  is,  the  more  nearly  will  it  come  back  to  its 
original  position  after  being  strained.  Movement  in  a  perfectly  elastic 
sohd  is  therefore  explained  by  the  molecules  of  one  layer,  as  C  in  Fig.  4, 
moving  up  to  those  of  another  layer  D,  but  not  passing  them  in  a  single 
instance.  Hence  all  of  the  energy  is  spent  in  producing  a  strictly  limited 
amount  of  translational  motion — ^the  elastic  limit.  The  energy  exists  as 
strain  and  as  soon  as  the  stress  is  removed,  all  of  the  work  done  is  re- 
covered, so  that  the  process  is  reversible. 

12.  When  ordinary  imperfectly  elastic  solids  are  subjected  to  stress, 
work  is  done  which  only  partly  appears  as  strain,  a  part  being  transformed 
into  heat.  Finally,  when  the  stress  is  removed  the  body  does  not  come 
back  at  once  to  its  former  position.  It  comes  back  part  way  and  then 
creeps  slowly  toward  its  old  position.  This  is  the  much-discussed  "elastic 
after-effect."  These  phenomena  may  be  explained  as  follows:  When 
the  body  is  subjected  to  stress  a  few  of  the  molecules  move  over  each  other 
but  the  stress  is  not  great  enough  to  overcome  the  strains  throughout  the 


Digitized  by  VjOOQIC 


t4o8  M.  A.  ttOSANOPl^. 

mass  and  cause  general  flow  or  rupttsre.  Wherever  the  molecules  flow 
over  each  other  heat  is  developed  as  in  any  viscous  flow.  When  the  stress 
is  removed  the  strain  tends  to  become  immediately  removed*  but  wherever 
the  molecules  moved  over  one  another*  the  removal  of  the  strain  is  hindered, 
the  last  of  the  strain  disappearing  through  viscous  flow  under  a  constantly 
diminishing  stress  and  therefore  continuing  through  a  long  interval  of  time. 
This  after-effect  has  been  found^  in  undercooled  liquids  as  well  as  soUds. 
13.  Finally  the  after-effect  is  increased  as  the  temperature  is  raised 
in  ordinary  solids  and  this  may  be  explained  by  the  expansion  of  the  sub- 
stance making  it  easier  for  the  partides  to  move  over  each  other  in  vis- 
cous flow,  so  that  the  fluidity  of  solids  increases  with  the  temperature  as 
is  true  of  most  liquids.  Guye  and  his  co-workers^  have  assumed  that  be- 
cause the  vibrations  in  lead  wires  die  down  faster  than  in  steel,  the  greater 
loss  of  energy  in  the  former  signifies  that  lead  is  more  viscous  than  steel. 
Exactly  the  opposite  conclusion  seems  preferable.  Steel  then  is  to  be 
r^iarded  as  much  mote  viscous  than  lead  and  for  that  very  reason  strains 
in  steel  are  produced  without  nearly  so  much  viscous  flow  as  in  lead  or 
pitch. 

RlCmOllO  COIASOS,  RlCBMOMD.  Va. 


[CoNTRiBinnoN  PROM  THB  Chbmical  Laboratori^  op  Clark  UNivHRsmr.] 

IS  THE  DUHEM-MARGULES  EQUATION  DEPENDENT  ON  THE 

IDEAL  GAS  LAWS? 

By  M.  a.  RosANOfv. 
Received  Mfty  11,  1914. 

In  view  of  the  importance  of  the  Duhem-Margules  equation  in  the 
theory  of  physical  mixtures,  no  apology  is  necessary  for  raising  the  question 
as  to  whether  it  is  a  purely  thermodynamic  relationship,  and  therefore 
reliable  under  all  circumstances,  or  requires  modification  in  form  as  soon 
as  vapors  begin  to  deviate  from  the  simple  gas  laws.  That  the  latter 
is  the  case,  would  seem  to  be  indicated  by  the  fact  that|the  gas  laws  are 
employed,  at  one  stage  or  another,  in  every  deductionyof  the  equation 
that  has  been  brought  forward.*  But  closer  study  leads  to  the  opposite 
conclusion:  that  the  Duhem-Margules  equation  is  absolutely  general, 
that  it  must  hold  as  true  for  all  actual  vapors,  up  to  the  critical  points, 
as  it  would  if  the  vapors  behaved  like  ideal  gases. 

It  is,  of  course,  indifferent  which  form  of  thermodynamic  procedure  is 

^  Bams,  Am,  /.  Sd.,  [3]  45f  ^7  (1B93). 

*  Arch,  set,  phys.  not,,  a6|  136,  263  (1906);  39,  49  (1909);  30i  i33  (1910). 

•  Duhem,  Ann,  de  l*£cole  normale  sup,,  (3I  4,  9  (1887);  Margules,  SilMungsberichl 
der  Wiener  Akademie,  X04,  II,  1243  (1895);  Ostwald,  Lehrhuch  der  aUgemeinen  Chemie, 
II,  a,  pp.  636-640  (Ed.  2,  Leipzig,  1902);  Nemst,  Theoretische  Chemde,  p.  115  (Ed.  7, 
Stuttgart,  1913)- 
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selected  for  the  present  scrutiny.  For  the  sake  of  shortness  and  simplicity, 
we  choose  the  method  of  reversible  distillation  and  will  follow  Luther's 
fonn  of  demonstration.^ 

Let  a  given  binary  mixture  contain  gi  grams  of  the  fitist  component  and 
fy  grams  of  the  second  component,  and  let  the  corresponding  partial  vapor 
pressures  be  pi  and  pf^  We  imagine  this  mixture  divided  into  two  halves. 
Then,  with  the  aid  of  a  semi-permeahle  membrane,  we  transfer,  by  iso- 
thermal and  reversible  distillation,  the  slight  quantity  Agi  grams  of  the 
first  component  from  the  first  to  the  second  half.  And  next,  with  the 
aid  of  another  semi-permeable  membrane,  we  similarly  transfer  Ag^  grams 
of  the  second  component  from  the  first  to  the  second  half  of  the  mixture. 
We  make  Agi/Ag2  ~  gi/g»]  i-  e.,  the  small  quantities  transferred  are  in 
the  same  ratio  as  the  total  quantities  of  the  components  in  the  original 
mixture.  Then  the  system  is  after  the  two  distillations  in  the  same  state 
thermodynamically  as  before.  And  as  the  distillations  were  isothermal 
and  reversible,  the  algebraic  smn  of  the  work  involved  in  them  must  be 
zero:    Wi  +  1^,  =  o. 

We  proceed  to  calculate  Wi  and  W%.  Let,  diuing  the  first  distillation, 
the  pressure  pi  of  the  first  component  in  the  first  half  of  the  mixtiure  change 
to  pj  — 1/2  dpu  and  let  the  pressin-e  in  the  second  half  of  the  mixture 
change  from  pi  to  pi  +  Vj  dpu  making  a  total  difference  of  dpi  after  the 
first  distillation.  The  distillation  consisted,  to  begin  with,  in  the  re- 
versible evaporation  of  Agi  grams ;  and  in  view  of  the  narrow  limits  involved, 
the  evaporation  may  be  regarded  as  having  taken  place  under  constant 
pressure,  namely  the  average  pressure  pi — V*  dpi.'  If  we  denote  by  v\ 
the  voliune  of  one  gram  of  the  vapor  under  this  average  pressiu"e,  then 
the  work  gained  by  the  evaporation  is  +Agi{pi  —  V4  dpi)v\.  During  the 
reversible  condensation  of  the  vapor  in  the  second  half  of  the  mixture, 
the  average  pressure,  likewise  assumed  constant,  must  be  pi  +  V4  dpi,  and 
if  f^i  denotes  the  volume  of  one  gram  of  the  vapor  under  this  pressure,  then 
the  work  involved  in  the  condensation  is  — Agi(pi  +  V4  dp^v^i. 

In  order  to  have:  Agi{pi  —  V*  dp^v\  =  Agi{pi  +  V4  dpi)v''i,  we  must 
niake  the  assumption  that  the  product  of  pressure  and  volume  is  constant, 
but  only  within  limits  differing  by  V2  dpi\  further,  that  product  need  not 
at  all  equal  RT/Mi  (where  Mi  is  the  molecular  weight  of  the  component 
in  question).     All  we  thus  assume  is  that,  no  matter  what  the  shape  of 

*  See  Ostwald,  Loc.  cit.,  pp.  639-640. 

*  The  partial  pressure  of  each  component  is  the  pressure  that  would  be  established 
in  a  dosed  space  separated  from  the  vessel  containing  the  mixture  b]r  a  membrane 
permeable  to  all  sorts  of  molecules  of  that  component  only.  If  the  components  of  a 
binary  mixture  form  no  mixed  molecular  complexes,  then  the  total  pressure  x  is  equal 
to  the  sum  of  the  two  partial  pressures  as  just  defined:  t  ^  p\  •\-  p^-  But  the  Duhem- 
Margules  equation,  generalized,  applies  to  mixtures  of  any  number  of  components, 
and  whether  association  of  different  molecules  is  possible  or  not. 
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the  pv  curve  plotted  with  respect  to  p,  whether  it  is  —  in  conformity  with 
the  gas  laws — a  straight  line  parallel  to  the  p-axis,  or  not,  two  of  its  ordincUes 
separated  by  an  indefinitely  smaU  interval  are  equal. 

The  work  Wu  then,  involved  in  our  first  distillation  is  only  that  required 
to  compress  the  Agi  grams  of  vapor  from  pi  —  V4  dpi  to  ^  +  V*  dpi.  And 
here  again  we  do  not  use  the  ideal  gas  laws  when  we  write:  — Wi  = 
— VtAgiM^i  where  Vi  denotes  the  average  volume  of  one  gram  within 
the  narrow  interval  of  pressures.  Analogously,  without  employing  the 
gas  laws,  we  get  for  the  work  involved  in  the  distillation  of  the  second 
component:  +W2  =  '\'^/t^gtV^dpt.  And  therefore:  ^/t^giVidpi  + 
^/t^giio^dpt  ^  Wi  +  Wt  ^  o,or  gividpi  +  gio^pi  =  o;  whence:  dpi/dpi  « 
— gt^/giOi'  Substituting  for  Vi  and  vt  (the  volumes  of  i  gram)  their  re- 
ciprocals g'l  and  g's,  the  weights  of  i  cc.,  we  get: 

dpi/dpt  =  —g'lgi/gig'i  (A) 

If  otu-  original  mixture  is  confined  within  a  closed  vessel,  and  an  indefinitely 
small  amount  of  it  is  allowed  to  evaporate,  then,  while  gi/gi  represents 
the  ratio  of  the  weights  of  the  two  components  in  the  liquid,  g'l/g't  will 
equal  the  ratio  of  the  weights  in  the  vapor  (the  two  vapors  being  enclosed 
within  the  same  space). 

This  expression  (A)  is  the  Duhem-Margules  equation  in  the  simplest 
form.  The  above  mode  of  deduction  frees  the  equation  from  its  supposed 
dependence  on  the  ideal  gas  laws  and  shows  it  to  possess  the  rank  of  a 
pm^y  thermodynamic  law,  from  which  there  can  be  no  deviation.  If 
this  were  not  true,  then,  since  the  behavior  of  vapors  generally  differs 
from  that  of  ideal  gases,  dpi/dpt  would  generally  not  be  equal  to  — g'ig2/ 
gig'i'  When,  now,  the  total  vapor  presstu-e  r  ( »  pi  +  ^)  is  a  maximum  or 
a  minimum,  5ir  =  o  and  dpi  must  equal  — dpi,  so  that  dpi/dpi  =  — i. 
Then,  (A)  not  being  strictly  true,  g'igt/gig\  would  not  equal  i;  in  other 
words,  vapor  and  Uquid  would  not  have  the  same  composition,  and  evapora- 
tion would  yield  fractions  respectively  more  and  less  volatile  than  the 
original  mixture — ^which  is  impossible,  since  t  is  a  maximtmi  or  a  mini- 
mum. We  conclude  that  expression  (A),  the  Duhem-Margules  equation, 
must  be  strictly  true. 

If  we  choose  to  speak  in  terms  of  molar  fractions,  then,  in  order  that 
(A)  should  remain  true,  gi  and  g\  must  be  divided  by  the  same  molecular 
weight  Ml,  and  gt  and  g's  by  the  same  molecular  weight  M%.  The  molar 
fractions  x  and  i  —  x  oi  the  liquid  phase  will  thus  be  based  on  the  same 
molecular  weights  as  the  molar  fractions  of  the  vapor.  And  if  the  partial 
pressures  are  taken  to  be  proportional  to  the  molar  fractions  in  the  vapor, 
which  must  necessarily  be  the  case  if  the  "molecular  weights"  themselves 
are  defined  on  the  basis  of  the  gas  laws,  then  expression  (A)  turns  into  the 
more  familiar  forms  of  the  Duhem-Margules  equation: 
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dpi/dpt  =  —piii  —  x)/pipc 
and 

d  In  pi/d  In  X  =  d  In  pt/d  In  (i  —  x). 

WoaCSSTSS.  MA88. 


(Contribution  prom  thb  Chbmical  Laboratories  op  Clark  UNxvERSiTy.] 

THE  LAWS  OF  RAOULT  AND  HBNRT  AND  THE  CONSTANTS 

OF  EBULLIOSCOPT  AND  CRYOSCOPY. 

By  M.  a.  RoflANOW  and  R.  A.  Dtntpmr. 

X.  Introductory. 

The  formulae  for  calculating  ebullioscopic  and  cryoscopic  constants 
are  usually  deduced  by  combining:  (i)  van't  Hoff's  equation  connecting 
osmotic  pressure  with  the  lowering  of  vapor  pressure;  (2)  the  Clape3rron- 
Clausius  equation,  together  with  the  gas  laws;  and  (3)  Raoult's  law.^ 
The  possibility  of  thus  calculating  constants  needed  in  determinations  of 
molecular  weights  is  counted  among  the  achievements  of  the  theory  of 
osmotic  pressure  which  entitle  it  to  its  central  position  in  theoretical 
chemistry. 

The  object  of  the  present  communication  is  to  show  that  the  constants 
in  question  can  be  fotmd  on  the  basis  of  Raotdt's  law  and  the  gas  laws, 
without  the  use  of  the  osmotic  pressure  concept;  and,  on  the  other  hand, 
to  show  that  Raoult's  law  follows,  together  with  the  law  of  Henry,  from 
the  Duhem-Margules  equation — a  purely  thermodynamic  relationship. 
While  no  particular  originality  is  claimed  for  our  considerations,'  it  is 
hoped  that  they  may  be  of  some  value,  partly  because  of  their  transpar- 
ency, partly  on  account  of  their  bearing  on  the  question  as  to  the  relative 
scientffic  importance  of  the  osmotic  pressure  concept.  Furthermore, 
the  ebullioscopic  constants  calculated  by  us  are  probably  more  exact  than 
those  found  either  on  the  basis  of  the  heats  of  vaporization  (which  are 
seldom  known  accurately),  or  by  direct  ebullioscopic  measurement  (which 
involves  the  assumption  that  in  the  cases  chosen  as  standard  the  molecular 
weight  of  the  solute  is  normal — an  assumption  that  is  seldom  free  from 
doubt). 

a.  Deduction  of  Raoult's  and  Henry's  Laws  from  the  Duhem-Margules 

Equation.* 

To  a  pure  solvent,  whose  vapor  pressure  in  the  free  state  is  Pi,  we  add 

'  See  Nemst,  Tkearetische  Chemie,  Ed.  7  (Stuttgart,  1913),  pp.  148  and  283. 

'  See  Arrhenius's  first  deduction  of  the  ebullioscopic  formula,  in  a  letter  quoted 
^y  Beckmann  (Z.  physik.  Chem.,  4,  550-551  (1889)),  and  especially  Beckmann  and 
Lieschc  (Ibid.,  86,  337  (1914)).  The  subject  maUer  of  this  present  communication  was 
**  the  main  ready  for  publication  in  January,  1913;  the  ebullioscopic  constants  have 
'^^cenUy  been  recalculated. 

'A  somewhat  complicated  deduction  of  Raoult's  law  (but  not  of  Henry's)  was 
Riven  by  Story  (Phil.  Mag.,  [6]  20,  97  (1910)). 
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an  infinitesimal  amount  of  some  second  substance.    The  molar  fraction 
of  the  solvent  becomes  x  (still  very  nearly  i) ;  that  of  the  solute,  (i  —  %), 

is  now  identically  equal 
^f  to  d{\  —X).  The  partial 
vapor  pressure  of  the 
solute,  ft,  is  identically 
equal  to  {lipk.  Thusd/^/^ 
=3  d  In  p%^  I  and  d{\  — 
x)l{\—x)--d\xi{\—x) 
=  I,  and  therefore  d  In 
pi/dhi(i— jc)^i.  But 
according  to  the  Duhem- 
Margules  equation: 
d  In  pxld  In  a;  = 

d  In  ptid  In  (i  —  x) 
It  follows  that  at  the 
very  great  dilution  which 
we  are  considering  d  In 
pxjd  In  X  =  I,  whence 
dpi/dx  —  pi/x  and,  as  at 
our  dilution  «  =  i  and 
pi  =  Pu  we  find: 

dpi/dx  =  Pi, 
which  is  Raoult's  law. 


-fli 


'fi. 


Fi'S'l' 


dH 


Experimentally,  Raoult's  law  holds  true  generally  not  only  at  infinite 
dilution  (t.  ^.,  at  :i;  =  i),  but  up  to  concentrations  of  at  least  5  molar  per 
cent.  (i.  ^.,  between  x  =  1  and  x  =  0.95).  Within  these  limits  the  slope  of 
the  curve  representing  the  partial  presstu'es  of  the  solvent  remains  con- 
stant and  equal  to  Pi\  in  other  words,  within  these  fairly  wide  limits  the 
partial  pressure  curve  is  coincident  with  the  straight  line  connecting  the 
points  X  =  o  and  pi  =  Pi,  Since,  thus,  d  In  pi/d  In  x  remains  equal  to  unity, 
the  Duhem-Margules  equation  teaches  that  also 

d  \n  p%Jd  In  (i  —  x)  =  I, 
Integrating  this  within  the  permissible  limits,  we  get: 

p2  «  *(i  —x), 
where  Jb  is  an   integration  constant.^    But   this   last .  equation   expresses 
nothing  else  than  Henry's  law:    that  the  solubility  of  a  gas  or  vapor  is 
proportional   to   the   pressure.      Only,  as  the  equation  shows,  the  "sol- 
bility"  must  be  measured  in  terms  of  the  molar  fraction  of  the  solute. 

Raoult's  and  Henry's  laws  are  thus  intimately  connected  through  the 
*  In  certain  cases,  though  not  frequently,  k  «  Pi,  which  is  the  vapor  pressure  of 
the  solute  in  the  isolated  state. 
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Miem-Maiigtiles  equation,  and  each  law  is  seen  to  hold  to  the  same 
fimits  of  concentration  as  the  other. 

3.  EbuUioscopic  Constants. 

To  100  g.  of  a  solvent,  the  molecular  weight  of  whose  vapor  at  the 
boffiog  point  T  is  Mo^  and  whose  vapor  pressure  at  the  same  temperature 
isPi,  we  add  A  grams  of  a  substance  of  molecular  wei^^t  Af.  The  result 
isa dqvession  of  Pi,  to  the  smaller  value  pi.  On  the  other  hand,  we  cool 
a  quantity  of  the  pure  solvent  to  a  teniperature,  say,  t  d^;rees  below  its 
boifing  point,  so  that  its  vapor  pressure  Pi  is  lowered  again  to  the  value 
^  We  now  cisstime  that,  if  we  should  raise  both  the  temperature  T  oi 
oar  sedation  and  the  temperature  T  —  ^  of  the  solvent  t  degrees,  their 
kmoed  vapor  jn-essures  pi  would  rise  back  to  one  and  the  same  value  Pi. 
By  making  this  assumption  we  commit  an  error.  For  the  rise  of  the  par- 
tial pressure  of  the  solvent  in  the  solution  between  T  and  T  + 1  will  not 
gaxrally  be  the  same  as  the  rise  oi  the  vapor  pressure  of  the  pure  solvent 
between  tte  temperatures  T  —  t  and  T.  If,  however,  the  amount  A 
Snms  of  solute  in  our  solution  is  infinitely  anall,  then  the  properties  of 
soiotioo  and  solvent  approach  identity,  and  the  error  involved  in  our 
assumption  becomes  infinitely  small. 

Under  these  conditions,  then,  no  error  is  really  committed  by  equating 
tbe  rise  of  vapor  pressure  per  degree  in  the  solution  and  the  rise  of  vapor 
picssoie  per  degree  in  the  pure  solvent:  (Pi  —  pi)/t  «=  dPi/dT.  Prom 
tUswehave: 

<«  (Pi  —  Pi)dT/dPi  (i) 

We  now  introduce  Raoult*s  law,  in  the  form  ^  »  Pi^,  or  rather  in  the  form 
^i  — Pi  **  Pi(i  — «)•  The  s3rmbol  x  represents  the  molar  fraction  of 
tk  solvent  in  the  solution: 

ioo/Mq 

^  ~    loo/Mo  +  A/M 
Eqnatioo  (i)  now  becomes: 

I  =  P,(i  —  x)dT/dPi  = 

/    _         ioo/Mq        \dT  f  A/M  xdr 

^*V'       loo/Mo  +  A/M/dPi  "     nioo/Mo  +  ^/M/dPi 
Since  A  is  infinitely  small,  we  may  write: 

PiA/M 
'"(ioo/Mo)(dPi/dr)' 
and  as  I  is  the  elevation  of  the  boiling  point  caused  by  the  addition  of  A/M 
Bob  erf  the  solute,  £,  the  elevation  per  one  mol  of  solute,  is 

^  ~  (ioo/Mo){dPi/dT)' 
Tbe  naokcular  weight  Mo  of  the  vapor  of  the  solvent  is  found  by  deter- 
mng  the  specific  volume  of  the  vapor  and  applying  the  gas  laws  (which 
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are  perfectly  reliable  for  the  pressures  of  an  ordinary  boiling  point  deter* 
mination):    Af©  =  RT/Piv.    Therefore,  finally: 

100  vdPi/dT  ^^^ 

That  both  the  specific  volume  of  the  vapor  at  the  boiling  point  and  the 
variation  of  vapor  pressure  with  the  temperature,  needed  in  Formula  2, 
can  be  measured  with  considerable  accuracy,  is  indicated  by  many  data 
in  the  literattn%;  not  only  do  the  measurements  of  one  and  the  same 
observer  usually  appear  consistent  among  themselves,  but  the  measure* 
ments  of  different  investigators,  carried  out  at  different  periods,  are  often 
in  excellent  agreement.  For  instance,  according  to  Wiillner  and  Gro- 
trian,  the  specific  volume  of  chloroform  vapor  is  0.226  liters;  according  to 
Young  it  is  0.229  liters.  Again,  according  to  Young  (1889)  the  vapor  pres- 
sure of  benzene  between  70°  and  80®  increases  by  20.62  millimeters  for 
each  degree,  while  according  to  Smith  and  Menzies  (1910)  the  increase 
is  20.65  nmi.;  between  80^  and  90^:  25.25  (Young)  and  25^5  (Smith  and 
Menzies);  between  90®  and  100^:  32.8  (Young)  and  33.0  (Smith and  Men- 
zies) ;  between  100**  and  1 10*' :  40.4  (Young)  and  40.3  (Smith  and  Menzies) ; 
between  no®  and  120®:  49.0  (Young)  and  48.9  (Smith  and  Menzies). 
Similarly,  values  of  E  for  acetic  acid  calculated  by  Equation  2  from  the 
pressure  measurements  of  Landolt  (1868),  Ramsay  and  Young  (1886), 
Kahlbaum  (1894),  and  the  data  given  by  Young  in  his  paper  of  1910, 
vary  only  between  32.4  and  33.4.  On  the  other  hand,  the  figures  found 
by  direct  ebuUioscopic  measurement  vary  between  25.4  and  30.7,  and  the 
figures  calculated  from  the  heat  of  vaporization  vary  between  29.8  and  35.7. 
The  figures  given  in  Table  I  were  obtained  by  plotting  the  latest  avail- 
able measurements  on  a  sufficiently  large  scale  and  ''smoothing"  the  curves, 
— ^which  yielded  somewhat  more  precise  restilts  than  would  have  been  found 
by  linear  interpolation.  In  all  cases,  to  attain  greater  reliability,  the  E's 
were  calculated  for  the  atmospheric  pressures  730,  760  and  780  mm.,  and 
plotted  with  respect  to  these  pressiu-es;  then  a  straight  line  was  drawn 
as  nearly  as  possible  to  the  three  points,  and  the  E's  read  off  from  the  line. 
The  table  gives  in  each  case  the  value  of  E  thus  obtained  for  760  mm.  and, 
in  the  last  column,  the  correction  to  be  added  for  every  lo  mm.  between 
760  and  780  mm.,  or  subtracted  for  every  10  mm.  between  760  and  730  mm. 
We  are  inclined  to  believe  that  most  of  these  ebtillioscopic  constants  are 
within,  say,  2%  of  the  true  values. 

Tablb  I. — Ebullioscopic  Constants. 

Boiling  point        dPildT  t  B  Correctioa 

No.       Solvent.  under  760  mm.      (atm).  (llten).       (760  mm.),      per  10  mm. 

1  Acetic  acid 118.51**  0.0308  0.318  32.8  0.08 

2  Benzene 80.15  0.0309  0.364  2$ -8  0.24 

3  Bromobenzene i5S  83  0.0251  0.211  66$  0.60 

4  Carbon  disulfide 46.00  0.0325  0.335  240  o.ao 
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Tabls  I  {canUnued). 

BoUinff  point        dPi/dT  t  B  Correction 

INl       SolTeot.  under  760  mm.       (atm.).         (ttten).       (760  mm.).     per  100  mm. 

5  Chlorobcnzene 131. 98  0.0271  0.282  43. s  0.24 

6  Chloroform 60.19  0.0329  0.229  3^-4  0*0 

7  Cydohexjuie 80.88  0.0301  0.337  28,7  o.ii 

8  Di-isobutyl 109.26  0.0282  0.162  68. Q  0.38 

9  Di-isopropyl 58.10  0.0320  0.304  28.0  0.14 

10  Ethyl  alcohol 78.26  0.0379  0.6x3  ^^'4  o-io 

11  Ethyl  ether 3442  0.0358  0.320  22.1  0.07 

12  Ethyl  formate 54-48  0.0347  0.353  21  .q  0.06 

13  Ethyl  acetate 77-13  0.0317  0.313  2g.o  0.12 

14  Ethyl  propionate 9901  0.0312  0.287  J4.1  ,0.20 

15  Phiorobcnzeiie 85.41  p. 0301  0.295  33'  0.22 

16  Heptane  (normal) 98.42  0.0292  Q.293  35.^  0.22 

17  Hexaoe  (normal) 68.59  0.0313  0.310  28. g  0.07 

18  lodobenzene 188.47  0.0239  0.175  90.7  0.42 

19  Methyl  alcohol 64.67  0.0399  0.829  8.4  0.09 

»  Methyl  formate 31. 92  0.0377  0.408  16.3  o.  10 

II  Methyl  acetate 57."  0.0345  0.357  22.0  0.09 

22  Methyl  propionate 79-59  0.0330  0.316  27.7  0.16 

23  Methyl  butyrate 102.62  0.0309  0.282  js *4  0.18 

24  Methyl  iaobutyrate . . .  92.48  0.0297  0.277  3^  4  0.16 

25  Octane  (normal) 125.80  0.0284  0.264  437  0.05 

26  Pentane  (normal) 3598  o.0354  0.336  21.3  0.12 

77  IVntane  (iso) 38.02  0.0365  0.336  20.8(f) 

28  Propyl  akoh<4 97-14  0.0365  0.489  //./  o.La 

29  Propyl  formate 81.20  0.0325  0.317  28.3  0.08 

30  Propyl  acetate •.  101.68  0.0299  0.286  36.1  o.io 

31  Stannic  chloride 114.20  0.0263  0.117  103.2  i.o 

32  Water 100  0.0358  1.651  S.18  0.07 

33  Carbon  tetradiloride*  76.50  0.0314  0.181  SO-S  O.36 

The  pressure  and  temperature  values  used  in  cakiilating  this  table  art 
based  on  the  following  measurements: 

For  (  1)  Ramsay  and  Young,  /.  Chem.  Soc.,  59,  903  (1891). 

For  (  2)  Smith  and  Menzies,  /.  Am.  Chem,  Scc^  3a»  1453  (1910). 

For  (  3),  (3),  (15)  and  (18),  Young*  /,  Chem.  Soc.,  55,  486  (1889). 

For  (  4)  Battelli.  MSm.  Accad.  Torino,  41, 1  (1890);  42,  I  (1891). 

For  (  6)  Regnault,  Mem.  de  VAcad.,  36,  339  (1862). 

For(  7).  (12),  (20),  (27)  and  (33)  Young,  Sc.  Proc.  R.  Dublin  Soc.,  {N.  S.]  I3, 
^H  (1910). 

For  (  8)  and  (9)  Young  and  Fortey,  /.  Chem.  Svc.,  77?  i"6  (1900). 

For  (10)  Ramsay  and  Young,  Phil.  Trans.,  Z77, 1»  133  (§886). 

For  (11)  and  (19)  Ramsay  and  Young,  Phil.  Trans.,  178A,  57  (1887). 

For  (13),  (14).  (31),  (22),  (23),  (24),  (29)  and  (30)  Young  and  Thomas,  /.  Chem. 
S«,  63, 1191  (1893). 

For  (16)  Young,  Ibid.,  73,  675  (1898). 

For  (17)  Young  and  Thomas,  Ibid.,  67,  1075  (1895)- 

For  (25)  Young,  Ibid.,  77,  1145  (1900). 

For  (26)  Young,  Ibid.,  71,  446  (1897). 

*  Added  in  proof. 
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For  (28)  Ramsay  and  Young,  Phil.  Trans.,  180,  137  (1889). 
For  (31)  Yoixng,  PhU.  Mag,,  [5I  34.  5"  (1892). 

For  (32)  Regnault  (recalculated  by  Broch),  Landolt-B6mstein,  Tdbellen  (Ed.  4, 
Berlin,  1912,  pp.  366-367). 

The  specific  volumes  used  in  the  table  are  based  on  the  following  data: 

For  (i),  (2),  (3).  (5),  (7),  (8),  (9).  etc.,  to   (31),  and  (33)  Young,  Sc.   Proc.  R. 
Dubiin  Soc.,  [N.  S.]  la,  374  (1910). 

For  (4)  and  (6)  Wullner  and  Grotrian,  Wied.  Ann.,  11,  556  (1880). 

For  (32)  Zeuner,  see  Landolt-B5mstein,  TdbdUn  (Ed.  4,  Berlin,  1912,  p.  369). 

4.  On  Measurement  of  the  Lowering  of  Vapor  Pressure  with  the  Aid  of 
a  Beckmann  Bbullioscope. 

It  may  be  of  interest  to  record  here  that  a  Beckmann  ebullioseope, 
connected  with  an  empty  tank  by  sufficiently  wide  tiibing,  can  be  used  for 
determining  the  lowering  of  vapor  pressures  at  constant  temperature. 
In  making  the  meastuements  tabulated  below,  we  used  tubing  of  i  cm. 
internal  diameter  and  a  tank  of  100  liters  capacity.  No  other  ''manostat*' 
was  necessary.^  The  pressures,  which  were  considerably  below  that  of 
the  atmosphere,  were  measured  with  the  aid  of  a  baromanometer  with  a 
mirror  scale.  Kahlbaum's  thiophene-free  benzene  was  used  as  a  solvent. 
Our  naphthalene  had  been  twice  sublimed,  twice  recrystallized  from  al- 
cohol, washed  with  water,  and  dried  over  phosphorus  pentoxide.  The 
anthracene  bad  been  similarly  purified  by  repeated  sublimations  and  re- 
peated recrystallizations  from  alcohol.  The  molecular  weights  were  cal- 
culated by  the  formula: 

M  =  Mo(«/G)[p,/(P,-/»01. 
where  the  symbols  M,  Mo,  Pu  and  Pi  have  the  same  meaning  as  in  the 
preceding  section;  G  and  g  are  the  weights  of  solvent  and  solute,  respec- 
tittAy.'   Hem  the  variation  of  the  vapor  pressure  of  the  solvent  with  the 
temperature  is  not  needed,  and  thus  one  source  of  error  is  eliminated. 

In  the  practice  of  the  organic  laboratory,  Mo  may  in  the  case  of  all 
"tmassociated"  solvents  be  assumed  equal  to  the  normal  molecular  weight. 
That  the  results  are  as  good  as  those  usually  obtained  from  elevations  of 
the  boiling  point  tmder  constant  atmospheric  pressure,  is  indicated  by  the 
following  measurements: 

I.  Determination  of  the  Molecular  Weight  of  Naphthalene  in  Benzene. — Weight  G 
of  benzene  taken  «>  26.53  K-    The  observed  pressure  Pi  of  the  pure  solvent  was  639.85 
mm.    The  molecular  weight  of  benntie  vapor.  Mo,  asnmied  «  78.1.    Pound: 
(.  pi  mm.  M, 

ol79t3  628.7  131. 3 

I. 3141  621.6  i3«-7 

1.8411  614.5  131-3 

2.3446  607.4  129.2 

3  3453  594.3  128.5 

The  normal  molecular  weight  of  naphthalene  is  128.06. 

»  See  Beckmann,  Z.  physik.  Chetn.,  79,  565* (1912). 
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2,  DeUrmination  of  the  Molecular  Weight  of  Anthracene  in  Benzene, — Weight  G 
of  anthracene  taken  =>  29.740  g.    The  observed  pressure  Pi  of  the  pure  solvent  was 
639.7  mm.     The  molecular  weight  of  benzene  vapor,  Afo,  assumed  »  78.1.    Found: 
f .  p%  mm.  if. 

0.5676  6346  185-4 

0.8696  631.9  184.8 

The  normal  molecular  weight  of  anthracene  is  178.08. 

5.  Cryoscopic  Constants. 

Let  the  straight  lines  in  Fig.  2,  marked  "Ice,"  "Water,"  and  "Solution," 
represent  the  tangents  to  the  corresponding  vapor-pressure  curves  at  the 
points  Pi,  again  Pi,  and 
pi,  respectively.  If  the 
solution  under  consider- 
ation is  infinitely  dilute, 
then  the  points  Pi,  pu 
and  p.t  are  infinitely 
near  together,  and  the 
tangents  may  be  con- 
sidered in  place  of  the  :§ 
vapor-pressure  curves 
themselves.,  without  any 
finite  error  being  com- 
mitted. 

What  is  sought  is  the  depression  t  of  the  freezing  point,  caused  by  the 
addition  to  100  g.  of  the  solvent,  the  molecular  weight  of  whose  vapor 
may  be  Mo,  of  an  infinitely  small  quantity  A  grams,  or  A/M  mols,  of 
solute.  Geometrically,  what  is  sought  is  the  t  corresponding  to  the  point 
of  intersection  of  the  ice  and  solution  lines.  The  ice  line  passes  through  Pi, 
which  represents  the  vapor  pressure  of  the  solvent  at  the  freezing  point; 
and  its  slope  may  be  denoted  hy  'bpi/'dt  (the  subscript  i  referring  to  ice) . 
The  equation  of  the  ice  line  is  therefore : 

Pi=^  Pi+  {^Pi/^t)^t  (3) 

The  solution  Une  passes  through  the  point  pu  which  represents  the  vapor 
pressure  of  the  solution  at  the  freezing  temperature  of  the  solvent.  The 
slope  of  this  line  is  the  same  as  that  of  the  water  line,  since  the  solution 
is  infinitely  dilute  (see  section  3  above).  It  may  be  denoted  by  dp«/d^ 
(the  gt^script.tt^  referring  to  wat^r,  the  piu-e  solvent).  Then  the  equation 
of  the  solution  line  is : 

Ps   =   Pi+   (^Pj^t).i  (4) 

At  the  freezing  point  of  the  solution  pi  ^^  ps  ^  p.t'  Hence,  from  (3) 
and  (4): 


Ihwp^Tcatuvcs 


Pi  +  ^Pilti\i  ^  Pi  +  (dp^/dO^ 


and 
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,=. P^-P^  .  (5) 

Now  we  apply  Raoult's  law  and,  accordingly,  substitute  for  Pi  —  pi  its 
equal  Pi(i  —  ^),  as  in  section  3.  Remembering  further,  that  x,  the 
molar  fraction  of  the  solvent,  is 

loo/Mo 
loo/Mo  +  A/M' 
and  that  the  solution  is  infinitely  dilute,  equation  (5)  becomes: 

^  ^ PiA/M 

(loo/MoKipi/it  —  'bpJii) 
Finally,  since  Mo  =  RT/PiV,  where  v  is  the  specific  volume  of  the  vapor 
of  the  solvent,  the  depression  E  per  one  mol  of  solute  becomes: 

E  = ^ (6) 

100  v(ipi/it  —  ipjit) 

Unlike  the  corresponding  expression  for  the  molecular  elevation  of  the 
boiling  point,  this  expression  (6)  for  the  constant  of  cryoscopy  has  scarcely 
more  than  theoretical  interest;  for  the  difference  of  the  two  slopes  involved 
is  usually  small  and  difficult  to  determine  with  precision.  Here  van't 
HofF's  formula,  based  on  the  heat  of  fusion  of  the  solvent,  will  usually  be 
of  greater  practical  advantage.  Both  expressions  (2)  and  (6)  turn  into 
the  commonly  used  Van't  HoflF  formulae  if  combined  with  the  Clapeyron- 
Clausius  equation;  for  ebuUioscopic  purposes,  as  we  have  seen,  this  trans- 
formation is  not  desirable. 

In  conclusion  we  would  point  out  that,  since  Raoult's  law  follows  from 
the  Duhem-Margules  equation,  and  since  the  molar  fractions  in  the  latter 
are  based  on  the  molecular  weights,  not  in  the  liquid  mixture,  but  in  the 
vapors  emitted  by  it — ^the  curious  idea  suggests  itself  that  all  ebuUioscopic 
and  cryoscopic  measurements  indicate  molecular  weights,  not  really  of  the 
substances  in  solution,  but  of  their  vapors  emitted  by  the  solution.  That 
the  molecular  weight  of  the  "solvent"  in  Raoult's  law  is  that  of  the  sol- 
vent's vapor,  is  generally  recognized. 

WoKCSSTSK.  Mass. 


[Contribution  from  Tim  Chbmical  Laboratoriss  of  Nsw  HAMPsmRB  Coix^B.] 

THE  SEPARATION  OF  YTTRIUM  FROM  THE  YTTRIUM 
EARTHS.  PART  U. 

By  H.  C.  Holosn  and  C.  Jammb. 
Received  May  13.  1914. 

In  a  previous  paper,  the  authors  have  shown  several  methods  of  sepa- 
rating yttrium  from  the  yttrium  earths,  the  most  efficient  of  which  were, 
the  fractional  precipitation  of  th?  chromates  and  the  fractional  predpi*- 
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tation  of  the  phosphates.  These  methods,  however,  were  not  well  adapted 
to  the  separation  of  yttrium  on  a  commercial  scale,  and  therefore  the  work 
was  continued  in  hope  of  finding  a  suitable  method  to  use  in  working  up 
large  quantities  of  material. 

A.  Fractioiial  Precipitation  by  Means  of  Sodinm  Nitrite. 

The  material  first  used  was  the  most  soluble  portion  obtained  during 
the  fractionation  of  the  yttrium  earths  from  Carolina  monazite  by  the 
bromate  method.  It  contained  ytterbium,  lutecium,  erbium,  thulium 
and  yttrium  with  traces  of  thorium.  A  quantity  of  this  material  was  con- 
verted into  the  oxide  dissolved  in  nitric  add  and  diluted  to  about  1500  cc. 
with  water.  This  was  boiled  and  stirred  by  means  of  steam,  while  an 
amount  of  a  concentrated  solution  of  sodium  nitrite  was  added  sufiicient 
to  precipitate  about  one-third  the  rare  earth  material  present.  In  a  like 
manner,  another  precipitate  was  obtained  from  the  mother  liquor.  Nitric 
acid  was  then  added  to  the  filtrate  from  Fraction  2  in  order  to  Uberate 
the  nitrous  acid  and  Fraction  3  was  obtained  by  means  of  oxalic 
add.  These  fractions  were  then  purified  by  reprecipitating  as  oxal- 
ates, igniting,  boiling  the  oxides  with  water  to  free  them  from  sodium, 
dissolving  in  hydrodiloric  add,  repredpitating  as  oxalate  and  igniting. 
A  portion  of  each  was  then  taken  and  the  equivalent  determined  by  the 
method  described  in  Part  I. 

Summary. 

No.  of  fraction.  Atomic  weight. 

1 117. 2 

2 95.9 

3 91.4 

Fraction  I  was  then  dissolved  in  nitric  add  and  diluted  to  about  750 
oc.  with  water,  a  small  quantity  of  sodium  nitrite  was  added  and  the  so- 
lution placed  in  a  flask,  where  the  pressure  was  reduced  considerably  at 
room  temperature.  In  this  manner  Fraction  lA  was  obtained  and  proved 
to  be  thorium.  The  mother  liquor  was  then  fractionated  further  by  means 
erf  sodium  nitrite.  The  method  was  similar  to  that  used  in  the  first  case, 
except  that  a  smaller  quantity  of  sodium  nitrite  was  added  eadi  time. 
Five  fractions  were  thus  obtained,  and,  after  purification,  the  equivalents 
were  determined. 

Summary. 

No.  of  fraction.  Atomic  weight. 

I A Thorium 

iB 148.50 

iC 136.25 

iD 124.60 

lE no. 20 

iP 95.20 

Fraction  iB  was  nearly  rose  color  and  gave  a  fairly  dense  oxalate.    Frac- 
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tion  iC  was  a  light  pink  color  and  gave  an  oxalate  less  dense  than  iB. 
iD  was  more  pink  than  iC  and  also  denser.  lE  was  lighter  in  color  than 
iD  but  was  about  the  same  density.  Fraction  iF  wa5  lighter  colored  than 
lE  and  gave  a  very  fluflfy  oxalate. 

Fraction  2  was  then  dissolved  in  nitcic  acid  and  diluted  to  about  700  cc. 
with  water»  boiled  and  stirred  as  before.  By  adding  a  sufficient  amount 
of  sodium  nitrite  to  jwedpitate  about  one-fourth  the  rare  earth  material 
present,  Fraction  2 A  was  obtained.  In  the  same  way,  three  more  fractious 
were  obtained  and  then  nitric  add  was  added  to  free  the  solution  of  ni- 
trous add,  after  which  oxalic  add  was  added  to  get  Fraction  2E.  These 
were  then  purified  and  the  equivalents  determined. 

SmoujLY. 

No.  of  fraction.  Atomic  weight. 

2A 1 1 1. 00 

2B 105.30 

2C 104.50 

2D 96.40 

aB 91.00 

Fraction  2A  was  pink  and  fairly  dense,  the  color  of  the  series  gradually 
grew  lighter  to  2E,  which  was  just  slightly  pink.  The  poor  separation 
between  2B  and  2C  was  due  to  the  fact  that  the  predpitate  was  colloidal 
and  not  grantilar  as  the  others. 

Fraction  3  was  next  dissolved  in  nitric  add,  diluted  to  about  700  cc. 
with  water  and  four  fractions  obtained  in  a  similar  manner  to  that  in  the 
previous  case.  These  were  piuified  as  before  and  the  equivalents  deter- 
mined. 

Summary. 

No.  of  fraction.  Atomic  wdglit. 

3A 94.00 

3B 91.10 

SC 89.50 

3P 

Fraction  3A  was  similar  in  color  to  Fraction  2C  and  was  fairly  dense. 
3B  was  nearly  white  with  about  the  same  density  as  3A.  3C  was  white 
with  a  tinge  of  yellow.  3D  had  a  tendency  toward  pale  buff  and  there  was 
not  a  suffident  quantity  to  make  an  equivalent  determination.  Fractions 
3A,  3B,  and  3C  were  about  of  equal  size.  By  means  of  the  spectrograph 
it  was  fotmd  that  iB  gave  an  intense  ytterbium  spectrum  while  iD  con- 
tained no  ytterbium.  Fraction  3C  consisted  of  practically  piu-e  yttrium. 
This  can  be  seen  to  be  the  most  efficient  and  rapid  method  of  separation 
found  up  to  the  present  time. 

Since  the  separation  of  yttrium  from  dysprosium  and  holmium  is  more 
difficult  than  from  erbitmi,  it  was  thought  that  it  would  be  of  interest  to 
apply  the  nitrite  method  to  a  mixture  of  yttrium,  dysprosium,  and  Holmium, 
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containing  traces  of  terbium  and  neodymium.  About  50  g.  of  these  oxides 
were  dissolved  in  nitric  add  and  diluted  to  Soo  cc.  with  wat^.  The  method 
of  fractionation  was  the  same  as  in  the  previous  ca^e,  except  ti^t  a  U^rge 
excess  of  sodium  nitrite  was  added  at  the  very  begin^g  of  the  fr^- 
tionation.  The  first  tluee  fractions  obtained  were  v^ry  markedly,  col- 
loidal and  could  not  be  filtered,  but  had  to  be  allowed  to  stand  over  night 
to  settle.  The  final  fraction  was  taken  by  means  of  oxalic  acid  after 
freeing  from  the  nitrous  acid.  The  fractions  were  then  purified  and  the 
equivalents  determined. 

Summary. 

Na  of  fraction.  Atomk  Weltht. 

I 117.80 

2 115-90 

3 ti5*70 

4 U4'90 

The  fact  that  the  separation  was  very  inefficient  was  probably  due  to 
the  colloidal  condition  of  the  precipitate  obtained.  After  a  <iareful  in- 
vestigation of  the  variables  involved  in  the  fractiooatiori,  it  was  found  that 
a  very  laige  excess  of  sodium  nitrite  would  cause  the  precipitate  to  be  col- 
loidal instead  of  granular.  Therefore,  the  same  material  was  taken-  and 
subjected  to  fractionation  again,  care  being  taken  to  avoid  an  Acess'  of 
sodium  nitrite.  Bight  fractions  were  thus  obtained,  the  last  one  being 
precipitated  with  oxaUc  add.  It  took  considerable  boiKng  to  obtain  tile 
fractions  and  the  precipitate  was  very  fine  and  filtered  readily.  TerMutn 
was  found  to  ccdkbt  in  the  first  fractions,  while  tteodymium  wus^  coneim- 
trated  in  the  last  fraction  and  was  removed  by  means  of  sodium  sutfate. 
These  various  fractions  were  then  purified  as  before  and  their  eqtiivatents 
determined. 

SmmAHY. 

No.  of  fractioo.  Atonic  wt^ht. 

I lai.io 

2 130.80 

3 117.60  '* 

4 116.70  '• 

5 ••'113.60 

6 iia.xo 

7 107.30 

8 99.40  '   . 

A  mixture  of  the  oxides  of  yttrium  and  erbium  was  dissolved  iii  nitric 
add,  diluted  to  about  one  liter  and  subjected  to  the  same  method  of  frac- 
tionation. In  the  first  case,  five  fractions  were  obtained  by  using  a  laige 
excess  of  nitrite.  The  somewhat  colloidal  prfscipitates  were .  piirified  as 
before  and  as  there  was  no  apparent  separation  when  examined  by. the 
Vectroscope,  the  equivalents  were  not  determined. 

The  same  material  was  taken  and  fracticmated  ag^,  with  only  a  slight 
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excess  of  sodium  nitrite  over  the  amotint  required  to  precipitate  the  first 
fraction.  Six  fractions  were  obtained,  all  of  which  were  crystalline  and 
filtered  rapidly.  Hiese  were  purified  and  their  equivalents  determined  as 
before.  A  gradual  change  of  color  could  be  seen  in  going  from  Fraction 
I,  which  was  pink,  to  Fraction  6,  which  was  pure  white. 

Summary. 

No.  of  fractiOB*  Atomic  wagnt. 

1 92.5 

2 90.9 

3 90.7 

4 90.2 

5 90.0 

6 88.3 

By  this  method  about  20%  of  the  original  material  was  obtained  in  the 
last  fraction,  which  was  pure  yttrium. 

FracHonaHou  of  Godolimte  MaUrial.  —  About  300  g.  of  rare  earth 
oxides,  obtained  from  gadolinite,  were  dissolved  in  nitric  add  and  diluted 
to  about  three  liters  with  water.  This  was  boiled  in  an  enamel  pail  and 
sodium  nitrite  added  in  small  amounts  until  a  fair  sized  precipitate  was 
formed.  In  this  way  eight  fractions  were  obtained.  The  first  and  secood 
precipitates  were  somewhat  gelatinous,  but  the  succeeding  ones  grew  more 
granular  and  filtered  readily.*  Upon  examination,  the  first  fraction  was 
found  to  contain  thorium.  Fraction  2  showed  a  strong  spectrum  of  er- 
bium. Fraction  3  gave  a  strong  erbium  spectrum  and  a  trace  of  neodym- 
ium.  Fraction  4  showed  a  decrease  in  the  erbium  spectrum  and  a  trace 
of  neodymium.  Fraction  5  gave  a  further  decrease  in  the  erbium  with  an 
increase  in  the  neodymium.  Fraction  6  showed  an  increase  in  the  neodym- 
ium and  a  trace  of  erbium.  In  Fraction  7  a  still  further  increase  in  the 
neodymium  and  a  trace  of  erbium  were  apparent.  Fraction  8  gave  an  in- 
crease in  the  neodymium  and  no  erbium  whatsoever.  The  last  three 
fractions  contained  about  one-fifth  the  original  material.  From  these 
results  it  would  seem  that  the  yttritun  could  be  separated  from  the  gadolin- 
ite earths  very  rapidly. 

B.  Fusion  of  the  Nitrates. 

A  mixture  of  erbium  and  yttrium  oxides  were  dissolved  in  nitric  add 
and  the  resulting  nitrates  evaporated  and  fused  tmtil  brown  fumes  began 
to  be  evolved.  This  fused  mass  was  then  poured  into  a  casserole  con- 
taining QxAA  water  and  then  dissolved  by  heating  and  evaporated  just  a 
slight  amount.  The  basic  nitrates  were  then  allowed  to  crystallize  out 
by  standing  over  night.  The  crystals  thus  obtained  formed  Fraction  i 
and  the  filtrate  was  submitted  to  the  same  treatment  as  before  to  obtain 
Fraction  2.  In  this  way  six  fractions  were  obtained.  Fraction  7  was 
predpitated  from  the  filtrate  of  Fraction  6  by  means  of  oxalic  add  and 
contained  about  one-fourth  the  original  material. 
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Summary. 

No.  of  fraction.  Atomic  weight. 

1 90.80 

2 91-25 

3 90.85 

4 89.65 

5 88.80 

6 88.45 

7 88.00 

As  can  be  seen,  Fraction  i  gave  an  atomic  weight  less  than  Fraction  2. 
This  was  due  to  the  fact  that  the  decomposition  was  carried  too  far  and 
therefore  the  basic  nitrate  obtained  was  somewhat  colloidal  and  also  the 
fused  nitrate  was  not  entirely  soluble  in  water. 

C.  Fractionation  by  Means  of  Boiling  with  Sodium  Hydroxide. 
A  concentrated  nitrate  solution  containing  yttritun  and  erbium  was 
boiled,  and  a  suflSdent  quantity  of  sodiiun  hydroxide  added  to  precipitate 
about  one-fifth  the  rare  earth  material  present.  This  was  boiled  for  a 
short  time  and  then  allowed  to  stand  over  night  in  order  that  the  basic 
nitrate  might  crystallize  out.  In  this  way  three  fractions  were  obtained 
and  the  fourth  precipitated  with  oxalic  add.  These  were  purified  as 
before  and  the  equivsdents  determined. 

Summary. 

No.  of  fraction.  Atomic  weight. 

1 9030 

2 89.90 

3 «8.75 

4 88.30 

Conclusions. 

The  best  method  found  thus  far  for  separating  yttrium  effidently  from 
the  other  earths  is  by  means  of  fractional  predpitation  with  sodium 
nitrite.  This  gives  a  larger  3rield,  a  more  rapid  separation  and  is  less  ex- 
pensive than  either  the  phosphate  or  chromate  method.  This  method 
is,  however,  not  very  efifective  for  separating  terbium  from  yttrium. 


CONTRIBUTION  TO  THE  CHEMISTRY  OF  GOLD.    U.    AUTO- 
REDUCTION  AS  A  FACTOR  IN  THE  PRECIPI- 
TATION OF  METALLIC  GOLD. 

By  Victor  L«nhsk. 
Received  April  27.  1914. 

In  the  various  studies  which  have  been  made  on  the  precipitation  of 
gold  from  solution,  attention  has  been  directed  for  the  most  part  to  the 
action  of  various  reducing  agents  on  gold  solutions.  The  general  chemical 
inactivity  of  gold  enables  us  to  deposit  the  metal  in  elementary  form  by 
most  of  the  metals,  the  metallic  sulfides,  ferrous  salts,  various  organic  com- 
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potinds,  and,  in  fact,  in  the  ordinary  sense  of  the  word,  gold  compounds  are 
readily  reduced  to  metal  by  the  mildest  of  reducing  agents. 

On*  the  other  hand,  very  little  attention  has  been  directed  to  the  precipi- 
tation of  gold  in  the  metallic  condition  by  oxidizing  agents.  A  few  iso- 
lated cases  of  the  "auto-reduction"  of  gold  from  its  compounds  by  certain 
oxidizing  agents  have  been  recorded,  but  the  general  principle  of  the  auto- 
reduction  of  gold  compounds  has  not  received  systematic  study  from  the 
standpoint  of  the  deposition  of  gold. 

It  has  been  known  for  a  long  time  that  hydrogen  peroxide,  when  brought 
in  contact  with  oxide  of  gold  or  oxide  of  silver,  will  reduce  either  of  these 
metallic  oxides  to  metal,  water  and  oxjrgen  being  formed  simultaneously. 
AujOs  +  3HjO,  =  2Au  +  3H,0  +  3O1. 
Ag,0  +  HK)2  =  2Ag  +  H,0  +  O,. 
In  a  similar  manner,  gold  solutions  in  contact  with  hydrogen  peroxide 
yield  metallic  gold,  oxygen  being  evolved  at  the  same  time.  This  reaction 
of  hydrogen  peroxide  with  gold  compounds  takes  place  in  either  add  or 
alkaline  solution.  Sodium  peroxide  and  sodium  perborate  precipitate 
metallic  gold  immediately  from  gold  solutions.  Baritmi  peroxide  and  cal- 
cium peroxide  act  toward  gold  solutions  in  exactly  the  same  way,  precipi- 
tating metaUic  gold  at  once.  These  compounds  are  perhaps  closely  related 
to  hydrogen  peroxide  and,  as  a  consequence,  act  similarly  toward  gold  so- 
lutions. Osmitun  tetroxide,  or  the  so-called  osmic  add  (OSO4),  when  dis- 
solved in  water  will  not  reduce  gold  solutions,  but  when  the  free  add  is 
neutralized,  or  when  the  solution  is  made  alkaline  with  sodium  hydroxide, 
sodium  carbonate  or  caldtun  carbonate,  metallic  gold  is  predpitated. 
The  higher  oxides  of  nickel  and  cobalt,  prepared  by  the  action  of  an  alka- 
line hypobromite  on  solutions  of  nickd  and  cobalt  chloride,  when  brought 
in  contact  with  a  solution  of  gold  which  has  been  rendered  alkaline,  pre- 
dpitate  metaUic  gold. 

Lead  peroxide  as  well  as  red  lead  predpitate  metallic  gold  from  either 
neutral  or  alkaline  gold  solutions. 

Ceric  oxide,  prepared  in  the  hydrated  form  by  rendering  eerie  chloride 
alkaline,  predpitates  metallic  gold  at  once  from  a  gold  solution  which  has 
been  rendered  alkaline. 

The  compounds  of  manganese  present  interesting  deportment  along  this 
same  general  line  of  auto-reduction.  Manganese  dioxide,  prepared  by 
the  action  of  bromine  on  a  manganese  acetate  solution,  predpitates  gold 
from  its  solution  dther  tmder  slightly  add,  neutral,  or  alkaline  conditions. 
Potassium  permanganate,  on  being  allowed  to  stand  for  some  time  with 
auric  chloride,  causes  metallic  gold  to  be  predpitated  along  with  manganese 
dioxide. 

The  minerals  pyrolusite,  wad,  braunite  and  manganite,  when  brought 
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in  contact  with  a  gold  solution,  which  is  either  acid,  alkaline,  or  neutral, 
slowly  cause  gold  to  deposit* 

Recently  Brokaw*  has  shown  that  manganese  salts,  when  made  alkaline, 
or  even  manganese  carbonate  will  precipitate  gold  from  solution.  The 
direction  of  the  reaction  between  manganous  salts  and  gold  chloride  is  con- 
sidered by  Brokaw  to  be  largely  due  to  hydrolysis  of  gold  chloride  solutions, 
although  the  equations,  as  given,  show  that  gold  chloride  and  manganous 
salts  react  in  neutral  solution  to  form  manganese  dioxide  and  metallic  gold. 
All  of  the  reactions  recorded  by  Brokaw  have  been  studied  and  corrobo- 
rated. That  manganese  can  be  of  considerable  importance  in  the  deposi- 
tion of  gold  is  unquestionably  true,  and  its  function  may  be  that  which 
Brokaw  has  suggested;  but,  in  addition,  manganese  may  play  the  role  of  a 
reducing  agent,  acting  solely  through  auto-reduction. 

Auric  compounds,  as  is  well  known,  are  easily  reduced  to  metallic  gold, 
and,  hence,  can  be  considered  as  oxidizing  agents  and  can,  obviously, 
oxidize  manganous  hydroxide  to  manganese  dioxide.  It  can  therefore  be 
considered  that  the  mutual  precipitation  of  gold  and  manganese  dioxide 
by  caldte,  as  cited  by  Brokaw,  is  simply  the  neutralization  of  the  excess 
of  add,  whereupon  the  oxidation  of  the  manganese  by  the  gold  solution 
results  in  the  predpitation  of  both  manganese  dioxide  and  metallic  gold. 

That  this  is  the  direction  of  the  reaction  is  evidenced  by  the  duplication 
of  the  phenomenon  by  replacing  manganese  salts  with  cerium  compounds. 
Cerous  hydroxide  predpitates  metallic  gold  in  alkaline  solution ;  the  cerium 
being  at  the  same  time  oxidized  to  ceritun  dioxide.  Similarly,  when  a 
piece  of  caldte  is  introduced  into  a  solution  of  cerium  chloride  and  gold 
chloride,  as  the  free  add  is  neutralized  by  the  caldum  carbonate  a  deposit 
of  cerium  dioxide  containing  metallic  gold  begins  to  form  on  the  caldte. 

The  presence  of  gold  in  the  manganese  deposits,  which  observation  has 
been  studied  by  Emmons,^  may  be  due  to  the  fact  that  manganese  is  a 
significant  agent  in  the  superfidal  transportation  of  gold;  but  such  is  by 
no  means  necessarily  the  case.  Two  distinctly  different  kinds  of  reactions 
may  be  going  on.  In  one  case  a  chloride  solution,  containing  free  add  on 
coming  in  contact  with  an  oxidized  manganese  deposit  will  produce  free 
chlorine,  or  its  equivalent.  This  chlorine  solution  can  then  dissolve  gold 
and  cause  the  production  of  a  gold  bearing  manganese  solution,  which,  so 
kmg  as  it  contains  considerable  free  add,  is  quite  permanent;  but,  when, 
it  comes  in  contact  with  any  neutralizing  agency,  for  example,  a  limestone, 
metallic  gold  and  manganese  dioxide  would  be  at  once  predpitated.  This 
accords  with  experiments  which  have  been  reproduced  in  the  laboratory, 
and  which  do  not,  as  indicated  by  Emmons,  require  such  a  reducing  agent 

^  J.  Eng.  Jnd,  Chem.,  5,  560  (1913). 

*  Emmons,  Trans,  Am,  Insi.  Min.  Eng,,  xgxo,  768. 
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as  ferrous  sulfate  or  other  reducing  agents  as  indicated  by  Wells/  to  produce 
a  precipitate.  On  the  other  hand,  the  gold  present  in  the  manganese 
deposits  adjacent  to  other  gold  deposits  may  be  due  wholely  to  the  fact 
that  gold  solutions  in  contact  with  manganese  dioxide  3deld  metallic  gold, 
by  virtue  of  the  principle  of  auto-reduction  shown  by  other  peroxides  with 
gold  solutions. 

The  auto-reduction  of  gold  solutions  to  metallic  gold  has  apparently, 
thus  far,  not  been  considered  as  an  important  geological  factor  in  the  sec- 
ondary deposition  of  gold,  but  it  is  doubtless  possible  that  in  many  in- 
stances one  can  conceive  of  the  oxygen  of  the  air  as  being  the  real  agent 
which  causes  the  gold  to  be  reduced  in  presence  of  a  manganese  or  similar 
compound  which  acts  as  a  catal3rtic  agent. 

IJNivsBSiTy  OF  Wisconsin, 
Madison.  Wis. 


THE  VOLUMETMC  DETERMINATION  OP  TITANIUM  AND 
CHROMIUM  BT  MEANS  OF  A  MODIFIED  REDUCTOR. 

By  C  Van  Brunt. 
Received  May  4.  1914. 

Shimer  and  Shimer'  have  described  a  modification  of  the  method  of 
Newton*  for  the  determination  of  titanium,  in  which  the  reduction  by- 
boiling  with  zinc  in  a  flask  is  supplanted  by  the  use  of  a  Jones  reductor. 
The  authors  found  that  the  ordinary  form  of  this  familiar  apparatus,  as 
used  in  the  determination  of  iron,  does  not  give  complete  reduction — a 
fact  which  the  present  writer  can  corroborate.  They  accordingly  sub- 
stituted a  much  longer  and  narrower  tube,  which  modification  had  the 
desired  eflfect. 

The  proposed  method  seemed  to  offer  a  way  of  escape  from  the  tedious 
methods  in  vogue.  These  must  include  the  original  Newton  method 
which,  though  for  most  purposes  preferaUe  to  the  gravimetric,  is  still 
lacking,  mainly  because  of  the  slow  disappearance  of  the  last  portiixis  of 
the  zinc,  and  the  difficulty  of  preventing,  with  certainty,  during  this  stage, 
the  partial  reoxidation  of  the  very  sensitive  hot  titanous  solution. 

But  in  practice  in  this  laboratory,  the  Shimer  reductor  filled  with  20- 
mesh  zinc  has  been  found  to  offer  httle,  if  any,  advantage  in  point  of  time, 
because  of  the  extremely  slow  passage  of  the  solution  through  the  long, 
thin  tube.    The  difficulty  of  preventing  reoxidation  was  present  here  also. 

This  latter  point,  however,  was  successfully  met  by  the  simple  device 
of  letting  the  titanous  solution  run  directly  from  the  reductor  into  an 
excess  of  ferric  solution  previously  placed  in  the  receiving  vessel.     An  ex- 

*  Trans.  Am.  Inst.  Min.  Eng.,  1910,  793- 

«  Orig.  Comm.  8th  Intern.  Congr.  Appl.  Chem.,  i,  445. 

»  Am,  J.  Set.,  [4)  25,  130,  343- 
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tension  tube  reaching  nearly  to  the  bottom  of  the  receiver  was  used.  The 
redaction  of  the  Fe^^'  by  the  Ti^"  is  instantaneous  and  in  place  of  titanous 
sulfate  only  the  very  stable  ferrous  sulfate  comes  into  contact  with  the 
atmosphere. 

The  slowness  and  inconvenience  of  the  long,  narrow  reductor  still  re- 
mained. 

The  zinc  used  was  somewhat  finer  than  is  recommended  by  Shimer  and 
Shimer,  and  to  this  may  be  due  part  of  the  difficulty,  but  none  other  being 
at  hand,  it  was  sought  to  improve  matters  by  using  a  reductor  of  ordinary 
dimensions  which  could  be  heated  continuously  by  means  of  a  current  of 
electricity  circulated  through  a  winding  about  the  barrel  of  the  instrument. 
.  This  device  proved  entirely  successful,  not  only  titanic  but  also  chromic 
salts  being  completely  reduced  in  a  few  minutes. 

The  instrument  is  a  reductor  of  the  usual  form,  having  a  column  2 . 5 
cm.  in  diameter  by  20  cm.  in  height  of  coarse  granulated  zinc  well  amal- 
gamated. The  tube  is  wrapped  with  a  few  feet  of  resistance  ribbon — 
iron  wire  would  sufiice — ^in  series  with  a  lamp  or  other  resistance  adapted 
to  taking  sufficient  current  from  a  lighting  circuit  to  boil  the  contained 
solution. 

To  use  the  reductor,  the  stopcock  at  the  bottom  is  closed,  and  the  tube 
is  partly  filled  with  hot  5%  HsS04,  which  is  followed  by  the  solution  to 
be  reduced.  A  2-holed  rubber  stopper,  canying  a  funnel  tube  with  a  stop* 
cock  and  a  small  vent  tube,  is  then  placed  in  the  top  of  the  reductor  and 
the  contents  are  brought  near  to  boiling  and  held  there  for  10-20  minutes. 
The  internal  pressure  is  then,  by  an  obvious  manipulation  of  the  openings, 
allowed  to  force  the  charge  into  an  excess  of  acidified  ferric  anmionium 
sulfate  solution  through  a  tube  extending  to  the  bottom  of  the  vessel 
as  before  described.  A  tall  narrow  beaker  may  advantageously  be  used. 
More  acid  is  then  admitted  and  forced  out  as  before.  These  operations 
are  carried  out  without  access  of  air  to  the  space  above  the  zinc.  The 
washing  is  then  completed  with  1%  HjS04,  with  the  top  of  the  reductor 
open  as  usual.    The  reduced  iron  is  titrated  with  KMnOi  in  the  usual 

manner,  and  the  titanium  present  calculated: 

p^iii  +  Tiiii  ^  p^n  +  Tp 

The  only  thing  to  be  guarded  against  is  a  tendency  for  a  portion  of  the 
contents  of  the  receiver  to  be  sucked  back  into  the  reductor  if  the  steam 
in  the  latter  is  allowed  to  condense  during  emptying.  This  offers  no 
practical  difficulty. 

The  solutions  for  reduction  should  contain  about  5%  free  H2SO4.  Much 
more  than  this  causes  too  vigorous  action. 

The  procedure  for  chromium  solutions  is  identical  with  the  above: 
Fe'"  +  Cr«  =  Fe^'  +  Cr"^ 
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The  method  was  checked  up  in  the  case  of  titanium  by  means  erf  a 
standard  solution  prepared  from  potassitun  fluotitanate,  KsTiPe,  by 
fuming  off  with  HjSOi.  The  TiOj  content  was  determined  gravimetrically 
by  precipitation  with  NH4OH  with  the  precautions  laid  down  by  Bome- 
mann  and  Shirmeister/  with  the  following  results: 

G.  TiOj  per  cc.  0.01196,  0.01197,  0.01196. 

10  cc.  portions  of  this  solution  were  then  reduced  and  determined  as  described 
in  the  foregoing,  giving 

G.  TiOs  per  cc.,  0.01196,  0.01195,  0.01195. 

The  permanganate  solution  used  was  standardized  against  Mohr's  salt. 

For  chromium,  the  standard  solution  was  prepared  by  dissolving  a  weighed  portion 
of  pure  fused  KsCrjO?  and  making  up  to  a  definite  volume  such  that  i  cc.  contained 
the  equivalent  of  0.01035  S-  CriOj.  This  solution,  aaaXyzed  by  the  reductor  method 
in  10  cc.  portions  gave 

G.  CriOi  per  cc.,  0.01032,  0.01035,  0.01035. 

The  appUcation  of  this  method  to  the  analysis  of  a  mixture  containing 
iron,  chromium  and  titanium  may  be  considered  as  an  illustration. 

The  substance  is  brought  into  sulfate  solution  by  known  methods  and 
made  up  to  a  definite  volume.  Iron  is  determined  in  an  aliquot  portion  by 
titration  after  reduction  in  a  reductor  in  the  ordinary  manner,  with  the 
important  exception  that  BijOs  is  added  to  reoxidize  any  reduced 
titanium  and  chromium.*  Or  the  reduction  may  be  effected  with  HjS  or 
SO2  which  have  no  action  on  Ti^  or  Cr"^. 

A  second  portion  is  treated  in  the  heated  reductor  in  the  manner  de- 
scribed. The  subsequent  titration  gives  the  permanganate  equivalent 
of  all  three  constituents  combined. 

The  chromium  alone  is  determined  in  a  third  portion  by  conversion 
to  Cr^'  by  boiling  with  ammonium  persulfate  and  titrating  in  the  usual 
manner  with  Fe^'  and  KMn04.  Substituting  the  KMn04  equivalent 
for  the  Cr  found,  and  adding  to  it  that  of  the  Fe,  the  Ti  is  then  obtained  by 
difference.  Since  the  determinations  upon  which  rests  the  result  so  ob- 
tained are  not  subject  to  significant  error,  the  usual  criticism  of  results 
by  difference  applies  with  a  minimum  of  force,  especially  when  one  con- 
siders the  well  known  difficulty  of  the  separations  involved  in  a  direct 
determination  of  this  metal  in  such  combinations. 

Practically  any  analysis  involving  these  three  metals  can  be  readily 
handled  so  that  a  solution  adaptable  to  the  above  procedure  is  obtained; 
in  fact,  it  is  generally  easier  than  not  so  to  handle  it.  Of  other  metals, 
tungsten,  molybdenum  and  vanadiimi  can  be  reduced  by  the  treatment, 
but  are  easily  removed  in  the  preparation  of  the  solution. 

An  exception  to  this  generalization  should  perhaps  be  made  in  the  case 

*  MetaUurgie,  7,  7 1 1 . 

*  Newton,  Am.  J.  Set.,  [4I  23,  365. 
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of  certain  complex  alloy  steels,  the  application  to  which  of  the  procedure 
described,  while  not  discouraged,  has  not  as  yet  been  considered  in  detail. 

Summary. 

An  oxidimetric  determination  of  Ti  and  Cr,  involving  the  use  of  an  elec- 
trically heated  reductor,  is  described,  by  means  of  which  these  metals 
may  be  determined  easily  and  accurately,  either  alone  or  together  with 
iron  and  other  metals. 

The  writer  wishes  to  express  his  appreciation  of  the  services  of  A.  Ortiz 
and  also  of  H.  B.  C.  Allison,  who  performed  the  test  analyses  cited  and 
suggested  the  extension  of  the  procedure  to  Cr. 

RsasAKCH  Lab.  Gsn.  Blvctxic  Co., 

SCBSNBGTADT,  N.  Y. 


THB  PERMANGANATE  DETERMINATION  OF  IRON  IN  THE 
PRESENCE  OF  CHLORIDES. 

By  O.  U  BAiimasv. 
RecciTed  March  25.  1914. 

Since  the  original  proposal  of  the  permanganate  titration  of  iron  by 
Marguerite,^  the  method  has  undergone  various  modifications.  The 
majority  of  these  changes  were  made  to  obviate  the  high  results  obtained 
by  titrating  in  the  presence  of  hydrochloric  add.  This  error  was  first 
pointed  out  by  L5wenthal  and  Lenssen^  and  later  by  a  number  of  authors.^  '* 
Kessler^  first  called  attention  to  the  fact  that  considerable  sulfuric  add, 
and  still  better  manganese  salts,  greatly  reduced  the  influence  of  the 
hydrochloric  add.  Zimmerman^  then  proposed  the  use  of  manganese 
salts  for  this  purpose,  daiming  as  great  an  accuracy  in  hydrochloric  as  in 
sulfuric  add  solutions.  Reinhardt^  next  suggested  the  use  of  phosphoric 
add  also,  for  the  removal  of  the  color  of  ferric  chloride  to  insure  a  better 
end  point. 

The  permanganate  method,  used  very  largdy  to-day  for  the  determin- 
ation of  iron  in  ores,  in  brief  is  as  follows:  Solution  of  the  ore  by  heating 
with  stannous  chloride  and  hydrochloric  acid,  completion  of  the  reduction 
by  adding  stannous  chloride  to  the  hot  solution  until  colorless,  dilution, 
addition  of  mercuric  chloride  to  remove  the  excess  of  stannous  salt,  ad- 
dition of  the  Zimmerman-Reinhardt  solution  (sometimes  known  as  * 'pre- 
ventive solution")  containing  sulfuric  add,  manganese  sulfate  and  phos- 
phoric add,  and  titration  with  permanganate,  taking  the  first  recognizable 
tint  of  color,  permeating  the  entire  solution  for  a  short  time,  as  the 
end  point  (inasmuch  as  the  end  point  is  somewhat  unstable  in  the  presence 
of  dilorides). 

The  question  which  has  concerned  most  of  the  authors  quoted  is: 
Does  the  Zimmerman-Reinhardt,  or  similar  solution  really  prevent  the 
action  of  hydrochloric  add?    Birch*'  maintains  that  the  method  is  only 
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an  approximate  one.  However,  the  concensus  of  opinion  of  the  various 
workers  is  that,  if  used  in  sufficient  quantity,  it  stops  practically  all,  if  not 
all,  of  the  influence  of  small  amotmts  of  hydrochloric  add.  Priend^^  says 
the  concentration  of  hydrochloric  add  should  not  be  greater  than  0.25  M. 
Jones  and  Jeffreys**  find  a  constant  error,  which  is  not  obviated  by  any 
concentration  of  hydrochloric  add  or  manganese  sulfate  mixture.  They 
recommend  a  subtraction  of  this  error  in  each  determination.  To  test 
this  point,  a  standard  solution  of  ferrous  sulfate,  containing  sulftuic  acid, 
was  prepared  and  its  strength  determined  by  permanganate  titration  in 
sulfuric  add  solution.  Equal  volumes  of  this  solution  were  then  employed 
for  titration  with  varied  quantities  of  hydrochloric  add  and  preventive 
solution. 

General  Reagents. 

The  Reinhardt-Zimmerman  scdution  was  made  as  follows:  160  g. 
of  crystallized  manganese  sulfate,  330  cc.  phosphoric  add  (sp.  gr.  1.7) 
and  320  cc.  of  sulfuric  aicd  (sp.  gr.  1.84)  diluted  to  2400  cc.  It  is  also 
designated  manganese  solution  No.  i,  to  distinguish  it  dearly  from  other 
preventives  employed.  This  solution  is  in  general  use  for  the  titration  of 
iron. 

Other  reagents  used  in  this  and  other  series  are  as  follows:  Hydro- 
chloric add,  sp.gr.  i.io;  sulfuric  add,  sp.  gr.  1.40;  phosphoric  add,  sp.  gr. 
1.35;  mercuric  chloride,  a  saturated  sdution;  stannous  chloride,  200  g. 
SnCl2.2HiO  and  70  cc.  HCl  (sp.  gr.  1.20)  per  liter. 

The  ferric  chloride  solutions  used  in  eadi  series  following  series  six  were 
analyzed  by  the  use  of  the  Zimmerman-Reinhardt  solution  called  in  this 
paper  ''manganese  solution  No.  i."  At  least  one  result  is  given  in  each 
series.  Where  only  one  result  is  given  it  is  an  average  of  two  or  more 
analyses. 

Special  reagents  for  individual  series  will  be  described  in  connection 
with  the  series  in  which  they  are  used. 

Volume  of  Solutions  Titrated. 

Unless  otherwise  stated,  the  volume  of  the  solution  after  dilution  just 
preceding  titration  was  about  500  cc.  In  most  cases  a  considerable 
deviation  from  this  volume  is  of  very  little  consequence,  but  for  the  general 
purposes  of  this  paper  it  is  important. 

Use  of  Preventives  Containing  Manganese. 

Table  I  shows  very  concretely  that  no  correction  for  an  inherent  error 
of  the  Zimmerman-Reinhardt  method  is  necessary.  However,  it  is  easy 
to  conceive  a  trace  of  iron  in  a  reagent  such  as  the  stannous  chloride, 
which,  if  used  for  the  reduction  of  all  the  iron  present,  would  introduce 
a  fairly  uniform  error  of  the  natiu*e  described  by  Jones  and  Jeffreys.** 

A  number  of  authors  recommend  a  time  interval  between  the  addition 
of  the  mercuric  chloride  and  manganese  sulfate  solution.     In  some  cases 
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TABtB  I. 

Series  I. — ^Accuracy  of  the  Zi]iiiiieniia&-Reiiihardt  Method. 
20  cc  of  FeS04  solution  ==  0.1338  g.  Fe.    i  cc.  of  KMn04  solution  =  0.004386  g.  Fe.^ 


}t.  No. 

Wt.Pe 

taken. 

Cc. 
HCl. 

Cc. 
HaSOi. 

Cc.  man- 

ganeae  lolii. 

No.  1. 

Cc. 
SnCh. 

Cc. 
HgCU. 

Wt.  Ft 
found. 

DcvUtion 

fromHtSOi 

result. 

I 

0 

1338 

,  . 

20 

0 

1338 

. 

2 

0 

1338 

20 

0 

1338 

3 

0 

1338 

20 

20 

0 

1337 

— O^OOOI 

4 

0 

1338 

5 

20 

0 

1338 

*o 

0000 

5 

0 

1338 

10 

20 

0 

1337 

— O.OOOI 

6 

0 

1338 

10 

20 

0 

1337 

— 0 

0001 

7 

0 

1338 

25 

30 

0 

1339 

+0 

0001 

8 

0 

1338 

40 

20 

0 

135 1 

+0 

0013 

9 

0 

1338 

5 

0 

1368 

+0 

0030 

10 

0 

1338 

lO 

20 

0.06 

10 

0 

1338 

=fco 

0000 

II 

0 

1338 

10 

20 

O.IO 

10 

0 

1337 

— 0 

0001 

12 

0 

1338 

10 

20 

0.20 

] 

to 

0 

1338 

dbo 

.0000 

even  ten  minutes^*  is  designated.  This  was  iavestigated  by  titrating: 
(i)  with  a  time  interval  of  twenty  seconds,  (2)  of  thirty  seconds,  (3)  of 
ten  minutes,  using  the  solutions  employed  in  Table  I.  In  (i)  and  (2) 
vigorous  stirring  with  a  rather  heavy  glass  rod  accompanied  the  addition 
of  the  tin  salt  and  continued  imtil  the  end  of  the  titration. 


Tablb  II. 


Series  II.— Interval  of  Time  Necessary  Just 
before    Titration.      i    cc.    KMnOi  = 
0.004366  g.  Fe.     20  cc.  FeS04(«  0.13 
g.  Fe)  -f  locc.  HCl  +  10  cc.  HgCU  + 
20  cc.  Mn  sol.  No.  i  taken. 


Series  III.— Effect  of  Speed  of  Titration. 
I  cc.  KMnO*  =  0.004836  g.  Fe.  20 
cc.  FeOi*  («  0.1717  g.  Fe)  10  cc. 
HCl  taken. 


No. 

Cc. 
SnCb. 

Time 
intciTaL 

Wt.  of  Fe 
found. 

Cc.  Mn  aoln. 
No.  1. 

Time. 
Bifai.  Sec. 

wt.  Fe  found. 
G. 

0.06 

20  sec. 

0.1338 

20 

2 

30 

O.1717 

O.IO 

20  sec. 

0,1340 

20 

45 

O.1718 

O.IO 

30  sec. 

0.1338 

5 

2 

30 

O.1717 

O.IO 

30  sec. 

0.1338 

5 

45 

0.1732 

O.IO 

10  min. 

0.1338 

3 

2 

O.1719 

6 

O.IO 

10  min. 

0.1340 

3 

45 

0.1739 

2 

2 

30 

0.1729 

2 

I 

45 

0.1727 

2 

I 

10 

0.1732 

2 

45 

0.1739 

2 

10 

0.1755 

These  results  show  that  only  a  short  interval  of  time  is  necessary  be- 
tween the  addition  of  stannous  chloride  and  mercuric  chloride,  if  the  solu- 
tion is  thoroughly  agitated. 

*  This  is  the  average  value  obtained  by  checking  the  solution  against  electrolytic 
iron,  sodium  oxalate  and  ferrous  ammonium  sulfate.  All  the  permanganate  solutions 
used  in  this  investigation  were  standardized  in  a  similar  manner. 

*  This  solution  contained  10  oc.  HCl  (1.2)  per  liter. 
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Speed  of  Tttration. 

Many  series  of  analyses  have  been  made  in  which  the  influence  of  the 
speed  of  titration  was  closely  watched.  In  this  study  the  permanganate 
was  added  at  as  nearly  a  uniform  rate  as  possible  tmtil  the  end  point  was 
dosely  approached  and  then  the  titration  was  finished  more  slowly.  The 
solutions  were  stirred  vigorously  during  the  entire  titration  to  give  uni- 
formity of  mixing.    Series  III  is  typical  of  the  results  obtained. 

Another  of  the  several  series  of  analyses  was  performed  using  ferrous 
sulfate  as  the  standard  iron  solution  with  analogous  results. 

The  results  of  Series  III  seem  to  justify  the  conclusion  that,  if  the  action 
of  the  hydrochloric  add  has  been  offset  by  a  suffident  excess  of  the  pre- 
ventive, no  difference  enters  except  the  difference  in  buret  drainage. 
(See  also  Series  I.)  However,  if  the  amount  of  preventive  just  suffident 
for  a  good  result  with  considerable  hydrochloric  add  present  in  a  slow 
titration  be  used  tmder  the  same  conditions,  except  in  a  faster  titration, 
then  more  permanganate  is  required.    This  confirms  the  work  of  Friend.** 

In  the  work  outlined  in  the  following  pages  the  solutions  were  stirred 
thoroughly  and  the  bm-et  allowed  to  give  a  uniform  flow  of  permanganate 
until  the  end  point  was  nearly  approached,  then  the  titration  was  finished 
more  slowly,  as  indicated  above.  About  i  cc  for  each  2  seconds  was  the 
rate  adopted  as  a  convenient  basis  for  comparison  of  results. 

Effect  of  HgCl  in  Suspension. 

In  a  large  number  of  titrations,  in  which  an  amount  of  preventive 
insuffident  to  stop  the  action  of  hydrochloric  add  on  the  permanganate 
was  used,  a  partial  or  complete  disappearance  of  the  calomd  was  noticed. 
This  suggested  the  action  of  chlorine  or  h3rpochlorous  add  on  the  mer- 
curous  dUoride,  thus  reducing  the  concentration  of  active  oxidizing  agent 
in  solution  and  correspondingly  lowering  the  speed  of  oxidation  of  ferrous 
iron,  hence  requiring  more  permanganate  to  complete  the  reaction.  To 
test  this,  measiu-ed  portions  of  standard  ferric  chloride  solution  were 
addified  with  10  cc.  of  hydrochloric  add  (sp.  gr.  i.io),  heated,  reduced 
with  stannous  chloride  as  usual,  and  diluted;  mercuric  chloride  was  added 
and  the  calomd  filtered  out.  To  the  filtrates  were  added  varying  amounts 
of  stannous  chloride  (40  g.  per  liter)  and  the  titration  was  finished  as 
before  indicated.  No  preventive  was  u^  in  this  series.  Meineke" 
likewise  calls  attention  to  the  influence  of  calomd  on  the  titration. 

All  the  end  points  were  indefinite,  becoming  more  so  as  the  quantity  of 
calomel  increased.  The  first  semi-permanent  tinge  throughout  the  solu- 
tion was  taken  as  the  end  point.  These  results  show  that  when  the 
hydrochloric  add  is  allowed  to  interfere  in  titration  the  amount  of  inter- 
ference is  somewhat  proportional  to  the  concentration  of  calomel  in  sus- 
pension. 
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Tablb  III 

Scries  IV.- 

—Effect  of  Suspended  Calomel. 

Ekpt.  No. 

Wt.  of  Pe 

taken. 

Cc.  HCl. 

Cc.  HgCl. 

BxceM  of  SoCh. 
Cc. 

Wt.  of  Pe 

found. 

I 

0.1930 

10 

20 

1 

0.2039 

2 

0.1930 

10 

20 

1 

0.2035 

3 

0.1930 

10 

20 

2 

0.2075 

4 

0.1930 

10 

20 

3 

0.2I0I 

5 

0.1930 

10 

20 

3 

0.2105 

6 

0.1930 

10 

20 

5 

0.2149 

Quantity  of  Manganese  Solution  Required. 
A  series  of  analyses  was  made  by  reducing  measured  portions  of  a  ferric 
chloride  solution,  adding  the  other  reagents  as  in  Series  III,  but  using 
varying  quantities  of  the  manganous  sulfate  solution  mixture.  Another 
series  was  made  keeping  the  manganous  sulfate  solution  constant.  In 
each  determination  one  drop  of  stannous  chloride  was  added  in  excess 
aad  the  resulting  calomel  left  in  su^)ension. 

TABt«  IV. 
Series  V. — Quantity  of  Manganese  Sulfate  Soln.  Required. 
I  cc.  of  KMn04  «  0.004887  g.  Fe.    20  cc.  of  FeCU(  »o.229o  g.  Fe)  +  10  cc.  HgClt  taken. 
Cc  man-  Co.  man- 


Cc,    «S?* 
Ha  No.  1. 

Wt. 
ofPe 
foond. 

Cc. 

CommenU.                   HCL 

N0.1. 

wt. 

of  Pe 

found.            Comfflentt. 

0.2346 

End  point  unstable       10 

20 

0.2292 

5         1 

0.2331 

End  point  unstable       15 

20 

0.2290 

5        2 

0.2314 

End  point  unstable       20 

20 

0.2292 

5        3 

0.2302 

End  point  more  stable  25 

20 

0.2290 

5        4 

0.2299 

20 

0.2292 

5        5 

0.2299 

End  point  more  stable  35 

20 

0.2292 

5        6 

0.2290 

End  point  good             40 

20 

0.2299  Part  of  HgCl  dissolved 

5        6 

0.2287 

End  point  good             50 

20 

0.2316  Part  of  HgCl  dissolved 

5      10 

0.2287 

End  point  good             55 

20 

0.2316  Part  of  HgCl  dissolved 

5       20 

0.2290 

End  point  good             60 

40 

0.2297  Part  of  HgCl  dissolved 

5      20 

0.2290 

75 

40 

0.2503  Part  of  HgCl  dissolved 

5      20 

0.2290 

75 

40 

0.2302  Part  of  HgCl  dissolved 

120 

80 

0.2321  All  of  HgCl  dissolved 

The  lower  Ihnit  of  accuracy  under  the  conditions  obtaining  is  seen  to  be 
6  cc.  of  manganese  solution  mixture  for  five  cc.  of  Jiydrochloric  acid  added 
to  the  other  chlorides  present.  This  amoimt  would  probably  be  somewhat 
different  for  varying  quantities  of  ferric  chloride  and  slightly  var3ring  with 
different  individuals  because  of  differences  in  manipulation. 

Manganese  Solutions  with  and  without  Phosphoric  Acid. 

A  manganese  sulfate  solution  containing  160  g.  of  crystallized  salt  in 
2400  cc.  was  prepared  and  used  in  the  following  series.  (This  solution  is 
designated  "manganese  solution  No.  2.*') 
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TablB  V. 
Series  VI.— Use  of  HtPOi  and  H1SO4  with  MnSOi. 
1  cc.  KM11O4  =  0.004847  g.  Fe.    20  cc.  FeCU  (=*  0.2101  g.  Fe,  Experiments  1-15  in- 
clusive) and  20  cc.  FeCU  (=0.2310  g.  Fe,  Experiments  16-28  in- 
clusive) -f-  10  cc.  HCl  -f-  10  cc.  HgCls  taken. 


Dc.  man- 
ganese                              Wt. 
soln.       Cc.       Cc.         of  Pe 
No.  2.  H1SO4.  H1PO4.   found. 

Uon.       No. 

Cc.  man- 

ganese 

soln. 

No.  2. 

Cc. 
HsSOi. 

Cc. 
HiPO«. 

Wt. 
ofPe 
found. 

Devia- 
Uan. 

I 

I 

0.2201 

4-0. 0100  16 

12 

0.2375 

4-0.0065 

2 

2 

0.2205 

•f 0.0104  n 

12 

0.2382 

4-0.0072 

3 

3 

0.2167 

-fo.oo66    18 

12 

0.2363 

4-0.0053 

4 

6 

0.2133 

-ho.  0032    19 

12 

0.2375 

4-0.0074 

5 

10 

0.2133 

-f 0.0032  20 

25 

0.2322 

4-0.0012 

6 

15 

0.2128 

4-0.0027     21 

25 

10 

0.2307 

— 0.0003 

7 

25 

0.2II8 

-fo.0017     22 

25 

10 

0.2307 

— 0.0003 

8 

50 

0.2I0I 

4-0.0000    23 

25 

0.2322 

4-0.0012 

9 

50 

0.2104 

4-0.0003     24 

25 

5 

0.2310 

4-0.0000 

10 

25         1 

2 

0.2I0I 

4-0.0000    25 

25 

5 

0.2312 

4-0.0002 

II 

15 

8 

0.2104 

4-0.0003     26 

25 

5 

0.2312 

4-0.0002 

12 

10 

5 

0.2133 

4-O.OQ32     27 

25 

5 

0.2310 

4-0.0000 

13 

10        1 

5 

0.2I2I 

4-0.0020    28 

25 

5 

0.2310 

4-0.0000 

14 

10       1 

;o 

0.2106 

4-0.0005 

15 

10         ! 

>o        . 

0.2123 

4-0.0022 

This  series  shows  (i)  that  manganese  sulfate  without  sulfuric  or  phos- 
phoric add  will  prevent  the  effect  of  hydrochloric  acid  on  the  permanganate, 
(2)  that  a  less  amoimt  of  manganese  sulfate  is  required  when  it  is  accom- 
panied by  sulfuric  or  phosphoric  acids,  and  (3)  that  sulfuric  and  phosphoric 
acids  can  be  used  interchangeably. 

On  accotmt  of  the  fact  shown  in  Series  V,  that  the  phosphoric  and  sulfuric 
acids  could  be  used  interchangeably,  it  seemed  worth  while  to  make  a 
solution  of  manganese  sulfate  in  sulfuric  acid  and  test  its  prevention. 
Consequently  a  solution  was  prepared  containing  70  g.  of  crystallized 
salt  and  300  cc.  of  sulfuric  add  (sp.  gr.  1.84)  per  liter.  (This  solution  is 
designated  "manganese  solution  No.  3.") 

These  results  show  that  the  use  of  phosphoric  add  is  merely  a  matter 
of  preference.  Except  in  the  cases  where  40  cc.  of  hydrochloric  add  was 
present,  one  solution  seemed  to  be  as  good  as  another;  however,  in  the 
latter  case,  what  difference  does  exist  is  in  favor  of  the  phosphoric  add. 
Of  coiuise,  no  such  volumes  of  hydrochloric  add  are  used  in  the  analysis 
of  iron  ores,  making  this  point  of  less  consequence. 

A  series  of  analyses  was  made  using  manganese  chloride  solution  as 
preventive,  thus  eliminating  sulfates  and  phosphates  entirely.  While  the 
end  points  were  obscure  on  account  of  color  of  the  solution,  nevertheless 
comparativdy  good  results  were  obtained,  showing  good  prevention. 
In  this  series  (VIII)  the  following  solutions  were  used:  A  ferrous  chloride 
solution  made  by  dissolving  approximately  25  g.  of  the  drystallized  salt 
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TablB  VI. 
Series  VII.— Titration  without  HtPO^. 


I  cc. 

KMn04  » 

0.004396  Fe.    20  cc.  PeClj  ( — 

0.2092  g. 

Fc)  +  10  cc.  HgQj  take 

■^ 

Cc.  Ha. 

sola.  NB.  3. 

Wt.of  Pe 

found. 

Comments. 

I 

5 

I 

0.2123 

3 

5 

2 

0.2II2 

3 

5 

3 

0.2I0S 

4 

5 

4 

0.2098 

5 

5 

5 

0.2I0I 

(Rather  heavy  HgCl) 

6 

5 

6 

0.2098 

7 

5 

6 

0.2096 

8 

5 

6 

0.2096 

9 

5 

7 

0.2092 

10 

5 

8 

0.2092 

II 

10 

5 

0.2105 

12 

10 

10 

0.2092 

(Light  HgCI) 

13 

10 

10 

0.2I0I 

(Rather  heavy  HgO) 

H 

10 

15 

0.2092 

15 

10 

15  cc.  mangaoese  soln.  No.  I 

0.2092 

16 

10 

35 

0.2090 

17 

20 

20 

0.2090 

18 

30 

20 

0.2092 

19 

20 

20  cc.  manganese  soln.  No.  I 

0.2092 

20 

40 

0.2180 

21 

40 

20 

0.2096 

Very  slow  titration 

22 

40 

20  cc.  manganese  soln.  No.  I 

0.2096 

Very  slow  titration 

in  a  liter  of  water  containing  10  cc.  of  hydrochloric  add  (sp.  gr.  1.2);  a 
manganese  chloride  solution  containing  75  g.  of  crystallized  salt  and  20  cc. 
of  hydrochloric  add  (sp.  gr.  1.2)  per  liter;  hydrochloric  add,  sp.  gr.  i.i. 
All  the  titrations  were  performed  somewhat  slower  than  usual,  about 
two  minutes  being  required  for  each  titration. 

Tablb  VII. 
Series  VIII. — ^Manganese  Chloride  as  Preventive. 
I  cc  KMn04  «  0.004836  g.  Fe.     20  cc.  FeQi  («  0.1717  g.  Fc)  +  5  cc.  HQ  taken. 


Cc. 
MnClt. 


I 
2 

3 

4 
5 
6 

7 
8 


Cc,  naagancM 
aoln.  No.  1. 


20 
20 


Wt.of  Fe 
foimd. 

Cc. 
MnClt. 

0.1717 

10 

O.1717 

12 

0.1755 

16 

0.1745 

20 

0.1743 

23 

0.1740 

50 

0.1740 

50 

0.1732 

50 

0.1734 

TOO 

0.1729 

100 

0.173a 

200 

Cc.  mi 


anganeM 
.No.  1. 


Wtof  Pc 
fonad. 

0.1722 

0.1722 

0.1724 

0.1722 

0.1722 

O.1719 

O.1719 

0.1722 

0.1722 

O.I719 

O.1719 
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Application  of  Oflier  ^^Preventhres." 

The  role  which  manganese  salts  play  in  preventing  the  action  of  hydro- 
diloric  add  on  the  permanganate  in  titration  seemed  to  warrant  a  study 
of  other  substances  to  ascertain  their  action  toward  iM^vention. 

The  first  class  of  substances  tried  were  neutral  salts.  Skrabal*'  has 
studied  the  influence  of  the  addition  of  varying  amounts  of  normal  neutral 
salt  solutions  in  the  titration  of  iron,  arriving  at  the  conclusion  that  these 
salts  dtD  not  produce  correct  results.  In  this  work  much  stronger  solutions 
are  employed,  which  accoimts  for  somewhat  different  results.  Sodiimi 
silicate,  borate  and  tetraborate  give  some  prevention,  but  the  adjustment 
between  the  amoimt  of  salt  and  add  to  be  used  was  too  difficult  to  give 
any  merit  to  the  procedure.  If  too  much  silicate  is  used  the  ferrous  iron 
predpitates  and  if  too  much  sulfuric  add  is  added  the  end  point  is  indis- 
tinct, overtitration  resulting.  Sodium  sulfate,  when  used  in  large  enough 
amounts,  gives  a  good  titration.  Potassium  sulfate  is  not  as  effective, 
probably  because  of  its  limited  solubility  in  water.  Ammonium  sulfate 
also  prevents  moderately  well  with  low  concentrations  of  hydrochloric 
add  and  high  concentrations  of  the  ammoniimi  salt,  but  is  not  as  satis- 
factory as  the  former  two.  These  observances  are  in  contradiction  to 
the  work  of  Birch,  ^'  who  says  that  sodium  sulfate  and  magnesium  sulfate 
do  not  prevent,  and  that  ammonium  sulfate  is  worse  than  worthless. 

TABI3  VIII. 
SeriesIX.— -NatS04.ioHiO  (250  g.  in  Liter)       Series  X. — KaS04  as  Preventive,      i  cc. 
as     Preventive,     i      cc.     KMn04    »=  KMnOi  =  0.004887    g.    Fe.     20  cc. 

0.004887  g.  Fe.    20  cc.  FeCli  (=  0.1930  Fed  (■*  0.2290  g.  Pe)  +  ro  cc.  HgClt 

g.  Fe)  -f  10  cc.  HgCls  taken.  taken. 


Bspt. 
Nb. 

Cc 
HCL 

Cc 

NatSOi. 

WLofFb 
found. 

Szpt. 

Cc 
HCL 

Cc 
HgO.. 

Cc 
KiSO«. 

Wt.  olFe 
fotmd. 

I 

25 

100 

O.1961 

I 

5 

10 

50 

0.2297 

2 

25 

200 

O.1961 

2 

5 

10 

50 

0.2297 

3 

25 

200 

0.1956 

3 

10 

10 

50 

0.2312 

4 

25 

300 

0.1937 

4 

15 

10 

50 

0.2331 

5 

25 

400 

0.1930 

5 

10 

10 

100 

0.2299 

6 

25 

400 

0.1930 

6 

15 

to 

100 

0.2301 

7 

25 

400 

0.1930 

7 

20 

10 

100 

0.2326 

8 

5 

20  cc. 

Mn 

8 

25 

10 

200 

0.2306 

soln 

.No.  I 

0.1930 

9 
10 

25 
5 

10 
10 

200 
20  CC. 

Mn 

0.2304 

sohi.No. 

I    0.2290 

Another  series  of  results  was  obtained  preceding  this  series,  in  which 
was  used  a  supersatiurated  solution  of  soditun  sulfate  of  about  twice  the 
strength  of  the  one  here  employed.  A  correspondingly  less  volmne  of 
the  sulfate  solution  was  necessary  for  prevention. 

In  Series  X  are  tabulated  the  results  obtained  using  a  sattu'ated  solution 
of  potassium  sulfate  and  from  these  results  it  is  evident  that  potassium 
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sulbte  solutions  do   not   contain  sufSdent  alkali  sulfate  for  good  pre- 
ventive purposes. 

Cady  and  Ruediger'  have  published  a  method  using  mercuric  sulfate  as 
reagent  to  stop  the  influenoe  of  hydrochloric  add.  To  study  the  action 
of  this  reagent,  300  g.  of  mercuric  sulfate  was  dissolved  in  1400  cc.  of  water 
containing  135  oc.  of  sulfuric  add  (sp.  gr.  1.84)  and  the  solution  applied 
in  Series  XI. 

Tabus  IX. 
Series  XI. — ^Mercuric  Sulfate  as  Preventive. 
I  cc.  KMn04  «  0.004887  g.  Fc.   20  cc.  FeCU  (  = 

Cc  inanf«n«w 
.  No.  1. 


»t.Now 

CcHgOt. 

CcHfSOi. 

I 

10 

10 

2 

10 

3 

»5 

4 

10 

20 

5 

10 

25 

6 

25 

7 

25 

8 

35 

9 

10 

50 

10 

10 

50 

II 

10 

. , 

0.2150  g. 

Wt.af  Pe 
found. 

Fe)  +  5  cc.  HCl  taken. 

O.2118 

0.2167 

Indefinite 

0.2155 
0.2167 

Indefinite 

0.2150 

0.2150 

0.2155 
0.2228 
0.2297 
0.2297 

Very  indefinite 
Very  indefinite 
Very  indefinite 

0.2150 

Results  I  to  4,  inclusive,  show  incomplete  prevention  due  to  an  insuffi* 
dent  quantity  of  mercuric  sulfate.  Experiments  5  and  6  were  satisfactory. 
The  results  obtained  in  fijcperiments  8  to  10,  inclusive,  were  decidedly  high, 

Tabls  X. 

Series  XII. — Potassium  and  Sodium  Acid  Sulfates  as  Preventives. 

I  cc.  KMn04  -  0.004887  g.  Fe.  20  cc.  FeCU  (-  0.1596  g.  Fe)  +  10  cc.  HgCls  taken. 

KHSO4  -  saturated  solution. 


i 

4 


I  6 


M 

6 


1 

2 

3 

4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
H 


5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
15 
15 
20 
20 


25 


25 
25 
50 
50 
50 
50 
35 
50 
50 
75 
100 
125 


O.I67I 
O.I618 
0.1603 
0.1603 

o  1598 
0.1596 
0.1613 
0.1637 
0.1681 
0.1600 
0.1623 
0.1600 
0.I6I3 
0.I6I8 


HgCl  disappeared 


HgCl  disappeared 


1598 
1613 
0.1603 
0.1625 
0.1620 
0.1623 

0.1596 
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due  apparently  to  the  transposition  of  mercurous  chloride  to  mercurous 
sulfate  by  the  mercuric  sulfate.  This  point  is  mentioned  in  Cady  and 
Ruediger's*  original  paper.  The  difficulty  of  adjustment  of  the  quantity 
of  mercuric  sulfate  to  the  other  variables  of  an  iron  determination  reduces 
the  value  of  such  a  reagent  as  mercuric  stdfate. 

Sodium  acid  sulfate  and  potassium  add  sulfate  prevent  quite  well  when 
the  quantity  of  hydrochloric  add  to  be  coimteracted  is  small.  With 
larger  amotmts  of  hydrochloric  add  or  in  the  presence  of  sulfuric  add 
with  the  smaller  quantities  of  hydrochloric  add,  results  are  not  as  good. 

Experiments  5  and  6  indicate  that  about  50  cc.  of  50%  potassium  add 
sulfate  solution  is  necessary  to  stop  the  detrimental  influence  of  5  cc.  of 
hydrochloric  add.  Experiments  7  and  8  show  higher  titration  results 
with  sulfuric  add  than  without  it.  Numbers  19  and  20  indicate  that  an 
excess  of  the  potassium  add  sulfate  does  not  give  a  higher  value  if  the 

Tabi«b  XI. 
Series  XIII. — ^Magnesium  and  Zinc  Sulfates  as  Preventives. 
I  cc.  KMn04  =  0.004847  g.  Fe.   20 cc.  FeCU  ( =  0.2283  S-  ^e)  -h  10  cc.  HgCU  taken. 
MgS04  solution  =  MgS04.7HjO  —  500  g.  per  liter. 
Bzpt.  No.         Cc  HCL        Cc  MgSOi.       G.  Pe  found. 

1  5  0.2283  20  CC.  Mn  soln.  No.  i  added 

2  5  50  0.2283 

3  5  50  0.2285 

4  10  50  0.2293  HgCl  parttally  disappears 

5  10  100  0.2297 

6  10  150  0.2293  HgCl  partially  disappears 

7  10  200  0.2293  HgCl  partially  disappears 

8  15  50  0.2297  HgCl  partially  disappears 

9  20  50  0.2327  HgCl  partially  disappears 

10  25  50  0.2346  HgCl  partially  disappears 

11  10  0.2366  HgCl  disappears  entirely 

I  cc.  RMn04  —  0.005309  g.  Fe.  20  cc.  FcCli  ( =  0.2283  g.  Fe)  +  10  cc.  HgCli  taken. 
ZnS04  soln.  =  500  g.  ZnS04.7HiO  per  Uter. 

1  5  0.2283              20  cc.  Mn  soln.  No.  i  added 

2  5                  ..  0.2378 

3  5                 20  0.2296 

4  5                  25  0.2293 

5  5                  50  0.2293 

6  5                 100  0.2293 

7  5                200  0.2291 

8  25  100  0.2325  HgCl  disappears 

9  25  200  o .  2304  HgCl  partially  disappears 

10  10  50  0.2293 

11  15  50  0.2309 

12  15  100  0.2393 

13  20  125  0.2309 

14  20  200  0.2309 

15  20  250  0.2291 
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looont  of  hydrochloric  add  remains  the  same.  However,  hi  numbers  13 
to  18  inclusive,  in  which  the  amount  of  acid  was  20  cc.,  the  potassium 
txsnlfate  gave  a  progressively  higher  titration  as  its  concentration  was 
increased.  Sodium  add  sulfate  showed  somewhat  the  same  kind  of 
deportment.  These  add  sulfates  while  possessing  preventive  powers  do 
lot  have  this  quality  to  a  sufficient  degree  to  make  them  suitable  for  an 
iccurate  titration  of  iron. 

Magnesium  sulfate  and  zinc  sulfate  produce  deddefd  effects  in  cheddng 
the  influence  of  hydrochloric  add,  the  formet  being  more  effldettt  than  the 
ktter. 

Scrutiny  of  Table  XI  shows  good  results  in  only  two  cases  when  mag- 
nesium sulfate  was  used,  e,  g.,  Experiments  2  and  3,  in  which  only  5  cc.  of 
bydrodiloric  acid  was  added.  In  the  zinc  sulfate  series  all  the  results 
woe  too  high.  Almost  identical  volimies  of  permanganate  were  required 
far  5  cc.  of  hydrochloric  add  within  a  range  of  25  to  200  cc.  of  the  zinc 
snl&te  solution.  A  somewhat  analogous  set  of  figttfes  was  obtained  for 
10  cc.  of  hydrochloric  add  within  a  range  of  50  to  200  cc.  of  the  magnesium 
soBate.  These  results  show  a  tendency  toward  prevention,  which,  never- 
tiiekss  is  not  suffident  for  practical  appUcation  in  titrating  iron. 

Chromium  and  ferric  sulfates  were  found  to  have  no  value  as  preventives 
oi  the  high  results  due  to  the  action  of  hydrochloric  add  on  permanganate. 
Hi^  concentrations  of  chromium  were  nattu'ally  impossible  on  account 
of  the  color  imparted  to  the  solution. 

Tablb  XII. 

Series  XIV. — Potassium  Phosphate  Mixtures  as  Preventives, 

KtP04  solution  =  500  g.  KtP04  per  liter. 

30  cc.  FeCU  "■  0.2Q3X  g.  Fe  +  10  cc  HgClt  taken. 

I  cc.  KMn04  =  aoo4887  g.  Fe. 


Eipt     Cc. 

Cc. 

Cc 

Cc. 

Wt.of  Fe 

Bxpt. 

Cc. 

Cc 

Cc.        Cc.     Wt.  of  Fe 

Xo.     HCL 

Ha»o«. 

KaF04. 

H.S04. 

found. 

Nb. 

HCl. 

H4PO4.  KtP04.  HtSOi.     found. 

J         5 

,  . 

0.^031^ 

13 

5 

30 

XO 

.       O.«033 

»        5 

0,3028^ 

14 

5 

30 

IO 

o,xS9l* 

3        5 

0.2031 

15 

10 

30 

10 

0.2031 

4        5 

0.2055 

16 

5 

30 

20 

0 . 2004 

5       10 

.  . 

0.2x60^ 

17 

25 

30 

10 

0 . 2072 

6      25 

0.3189* 

18 

25 

50 

30 

0.205X 

7      50 

0.3180* 

19 

*5 

Sf> 

30 

0.8009 

*       5 

10 

30 

O.I906' 

20 

25 

75 

30 

.0,2026 

9       5 

IO 

30 

0.2048 

21 

25 

100 

30 

0.2031 

*<>       5 

10 

30 

0.1899* 

22 

25 

200 

30 

0.2031 

"        5 

10 

30 

0.2053 

23 

25 

200 

0.2063 

»        5 

30 

10 

0.2031 

24 
25 

5 
5 

0^2031 
.      a.  2033 

^^0  cc  mansancte  soln.  No 

.  X  ^d^d., 

'  HgQ  dissolved  almost  completely. 

'Added  K«PO«  before  the  acid  (H1PO4  or  HSSO4)  +  50  cc.  manganese  soln.  No.  i 


iddd. 


i 
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Mixtures  of  tri-potassium  or  disodium  phosphate  and  phosphcMic  add 
were  found  to  produce  excellent  prevention. 

Experiments  i,  2,  3,  24^  25  are  titrations  with  ''manganese  sulfate 
solution  No.  i."  Bxperiments  8,  10,  14,  show  the  influence  of  adding  the 
alkaline  phosphate  before  the  add.  In  all  likelihood  some  of  the  iron  is 
predpitated  as  ferrous  phosphate  in  these  cases,  yielding  low  results. 
Experiments  16,  19,  20,  indicate  an  insuffidency  of  add  to  k^p  the  ferrous 
phosphate  from  forming.  Experiments  12,  13,  15,  21,  22,  show  that  when 
the  proper  adjustment  of  phosphoric  add  and  potassium  phosphate  is 
obtained  correct  results  follow.  A  proportion  of  not  less  than  three  vol- 
umes of  i-i  phosphoric  add  to  i  volume  of  50%  K4PO4  gives  the  best 
results.  A  solution  containing  500  g.  of  tripotassmm  phosphate  (or  its 
equivalent  in  dipotassium  phosphate)  and  1500  cc  of  pho^oric  add 
(sp.  gr.  1.7)  diluted  to  two  liters  can  be  used  instead  of  the  separate  re- 
agents. Twenty  cc.  of  this  solution  will  stop  the  action  of  5  cc.  and  60  cc. 
will  suffice  for  25  cc.  of  hydrochloric  add  {sp.  gr.  i.io). 

In  Series  XIII  a  saturated  solution  of  NatHP04.i2HsO  was  employed. 

Tabia  XIII. 

Series  XV. — Disodium  Phosphate  Mixtures  as  Preventives. 

20  cc.  PeCU  «  0.2280  g.  Fe  -f  10  cc  HgCU  taken. 

I  cc.  KMn04  =  0.004887  g.  Pe. 


^ 

Cc. 
HCL 

Cc. 
NatHP04. 

Cc. 
HiPOc 

WtofFe  Bzpt. 
louod.      No. 

Cc. 

HCl 

Cc. 
NatHPOi 

Cc 
H«PO«. 

Wt.of  Pe 
fomuL 

I 

5 

50 

100 

0.2280 

8 

50 

50 

100 

0.2292 

2 

10 

50 

100 

0.2280 

9 

60 

50 

100 

0.2292 

3 

15 

50 

100 

0.2284 

10 

100 

50 

100 

0.2292* 

4 

20 

50 

100 

0.2282 

II 

5 

5 

10 

0.2287 

5 

25 

50 

100 

0.2280 

12 

5 

10 

20 

0.2280 

6 

30 

50 

100 

0.2280 

13 

5 

20 

.40 

0.2278 

7 

35 

50 

100 

0.2282 

14 

5 

20  CC. 

manganese  . . 

0.2280 

sdn.  No.  I 

This  series  shows  excellent  prevention,  even  35  cc.  of  hydrochloric  add 
being  taken  care  of  nicely,  and  50-100  cc.  did  not  produce  an  error  sudi  as 
ont  might  anticipate. 

The  phosphoric  add  and  sodium  phosphate  may  be  combined  into  one 
scdution  by  preparing  as  follows:  Solution  of  500  g.  of  disodium  phos- 
phate in  1000  oc.  of  phosphoric  add  and  500  cc.  of  water  then  dilution  to 
2000  cc.  Thirty  cc.  is  a  suffident  quantity  for  10  cc.  and  100  cc.  are 
enough  to  offset  the  action  of  25  cc.  of  hydrochloric  add. 

Cerium  sulfate  gives  excellent  prevention  of  the  hydrochloric  add  inter- 
ference. In  fact  it  works  as  effectively  as  manganous  sulfate][when  its 
efficiency  is  measured  on  the  basis  of  gram  equivalents.  20  g.  of  Cer 
(S04}t*8HsO  were  dissolved  in  250  cc.  of  water  to  be  used  in  the  following 
series: 

1  Bod  point  unstable. 
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ft ABhA  XIV. 
Series  XVI.— Cemm  Sulfate  as        ScHss  XVII.^Cerinm  Sulfate  Mueture*  as  Are- 
Preventive.     20  cc.  FeCl*(=  ventive.    apcQ.?e,Cl»(r' 04x57:1  g<Fe),'f  j-oec. 
0.2291  g.  FeCU)  -h  10  cc.  HgCh            iHgClt  taken,     i  cq.  KMnOi  *  0,004887  g.  Fe. 
taken.       i      cc.      KMn04    = 
0.004887  g.  Fe. 


Expt. 

Cc 

Ce,(S04)i 

Wt.  of  Ve 

Expt. 

Cc. 

Cci^b*)*!' 

wt.  of  t'e 

Na 

HCL 

soin.  Cc. 

fouod. 

No, 

HCl. 

90V^  Cc. 

foH9df 

,  Oppipcptf,    . 

I 

5 

10 

0.2309 

1 

5  . 

.      ?.    .    •. 

0.158^ 

•     >       " .  •    .  ( 

2 

5 

20  . 

0.2291 

2 

5 

10 

0.1570 

Slow  titration 

3 

5 

20 

0.2293 

■  3 

S  ' 

10 

0   1579 

Rapid  titration 

4 

5 

20 

0.2293 

■  '-4  ■' 

5' 

IS 

6".  157^ 

Rfdpfd  titfatibn 

5 

10 

20 

0.2299 

5 

5 

as 

0.1572 

tRapttd  tilration 

6 

7 

20 

0.2293    . 

.     6 

.10 

30     . 

0.1574 

Slow  titration . 

7 

5 

25 

0.2293 

7 

20 

20 

O.1614 

Rapid  titration 

8 

5 

,35 

0.2288 

8 
9 

20 
5 

35 

20  cc.  Mn 

0.1572 
0.1571 

•    .       ■ 

9 

5 

50 

0.2288 

^n.  No.  I 

1 . 

10 

5 

20  CC.    . 

. .      • 

McLSoln. 

.   . » 

1 

1 

No.  1 

0.2291 

:    .     . 

Thtis  it  is  to  be  seen  that  Cej(SOi)8  is  very  effective  in  iftoppitig  the 
detrimental  nature  of  hydrochlorie  acid  on  permanganate,  its  value  beiiig 

commenstirate  with  MnS04. 

TheoMtictd. 

A  number  of  explanations  have  beeb  offered  to  explain  the  function  of 
manganese  salts  in  the  iron  titration  with  permangansite.<  Vo&ard'' 
explains  the  action  by  assuming  the  formation  of  tetraTaleilt  manganese 
(MnOs)  which  then  oxidizeis  the  fertotis  inni'mare  rapidly  than  It  do^s 
hydrochloric  add.  Wagner**  assimiej$  the  intermediate  formation  Of 
PeCl2.2HCl  in  the  absence  of  manganese  sutfate;  whdch  oxidizes  very 
rapidly,  consutningmore  permanganate  than  is  required  for  ferrous  ittm. 
Zimmerman*  suggested  that,  in  abstoee  of  mmganese  salts,  the  ii-Oki  is 
com/erted  into  a  peroxide  whidi  is  unstable  and  at  once  forms  <ferri<i<  iron 
and  oxygen,  the  latter  acting  upon  the  hyditiehloiic  ticid.  *  Manohot^® 
explains  the  action  by  assUttdng  the  formation  dl  ''primary* oxides"  of 
the  peroxide  nature,  but  which  tend  to  refrett  immediately  to  oxides  of  a 
lower  state  of  oxidation.  According  to  this  theory  oxidation  caused  by 
oxygen  forms  PeOi;  by  permanganafte,  cfattmiie  acid,  hy^ogen  p^oxid^, 
etc.,  PeiOs;  and  with  hypocfalordus  add,  PeOj.  Hence  Uhe  reaetton  is 
assumed  to  go  somewhat  as  follows:  Oxygen  fottns  'PeO^,  PeOs  oxidazes 
FK)  to  PesOs,  Mn^O?  oxidizes  BeO  tb  PeiOs  with  the  formation  of  MnOs, 
the  Mn02  then  oxidizes  PeO  to  PetOs.    If  the  h3f<dradilotic' add  is  t»o 

*  A  solution  of  mixed  earth  Sulfates  wlien  analyzed  was  foiiifd  to'cbfltain  65  g. 
Ces(904)i.SHtO'  +  206  cc!  H1SO4  p«r  Ihcr.  Tbfe'  ddltitidn  wa^  -a^^  -as  ti^  the  oerium 
Mlfate  of  the fi^ecediflg  Series.   .-  ••:>;•'•/....*  i     •/«.!• 
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strong  then  the  PesOft  reacts  with  the  HCl,  liberatmg  chlorine.  Birch'* 
suggests  the  formation  of  MnCU,  which  in  turn  has  a  greater  tendency  to 
oxidize  ferrous  iron  than  hydrochloric  add.  This  last  assumption  seems 
to  warrant  a  more  general  consideration  than  has  been  accorded  to  it. 
While  hydrated  manganese  peroxide  can  be  assumed  to  exist  for  a  brief 
space  of  time  in  the  hydrosol  condition,  yet  MnCU  has  not  been  definitely 
proven  to  exist  in  sudi  a  solution.  The  same  argument  can  be  applied  to 
a  theory  requiring  assumptions  of  PeOt,  FeOs,  PcsOe. 

Pickering'*  has  shown  that  when  manganese  dioxide  is  treated  with 
hydrochloric  add  manganese  sesquichloride  results.  A  number  of  other 
authors  have  studied  the  formation  of  trivaknt  manganese  in  solution, 
especially  sulfuric,  hydrochl(»ic,  hydroflu(»ic,  and  phosphoric  adds  and 
alkaline  cyanides,  a  number  of  trivalent  salts  and  double  salts  being  sep- 
arated from  such  solutions.  (See  references  under  heading,  "Theoretical.") 
Meyer*'  has  recently  pointed  out  the  definiteness  of  these  compounds  in 
add  solutions  and  also  shows  that  even  when  potassium  manganicyanide 
hydrolyzes  a  trivalent  manganihydroxide  results.  Schilow*^  has  explained 
the  reaction  of  potassium  permanganate  with  oxalic  add  on  the  basis  of 
the  intermediate  formation  of  trivalent  manganese.  Skrabal^*  outlines 
the  oxalic  add  oxidation  and  also  that  of  manganese  in  alkaline  sohiticm 
through  the  formation  of  manganese  of  the  valence  of  three.  Muller  and 
Koppe*^  point  out  an  error  in  the  titration  of  manganese  by  the  perman- 
ganate method  in  the  pcesence  of  fluorides  due  to  the  formation  of  MnPs 
and  2KP.MnFt. 

When  potassium  permanganate  is  added  to  a  manganese  solution  con- 
taining an  excess  of  jdiosphoric  add  a  deep  red  to  violet  odoration  is  ob- 
tained; when  added  to  a  manganese  solution  with  hydrochloric  add  in 
excess  a  greenish  brown  to  blade  scdution  results;  when  added  to  a  man- 
ganese sulfate  solution  in  the  presence  of  an  excess  of  sulfuric  add  a  deep 
red  to  puri^  color  is  imparted  to  the  solution.  Solutions  of  this  nature 
contain  manganese  sesquisalts.  The  possibility  of  tetravalent  manganese 
being  present  at  ordinary  temperatures  in  significant  quantity  is  appar- 
ently quite  remote.  While  very  small  amounts  may  be  present,  practically 
all  attempts  to  prepare  salts  in  which  manganese  has  the  valence  of  four 
from  such  scdutions  have  been  negative — only  trivaknt  salts  crystallizing 
£rom  them.  More  confirmaticm  seems  to  be  necessary  to  establish  the 
existence  of  tetravalent  manganese  in  even  small  quantity  in  these  add 
solutions.  However,  if  tetravalent  manganese  is  present  the  mechanism 
of  the  reaction  to  be  later  described  would  partially  be  explained  through 
medium  of  its  formation  and  the  fundamental  idea  of  prevention  of  the 
chlorine  or  hypochlorous  add  formation  remains  the  same. 

In  the  presence  of  hydrochloric  add  these  manganese  sesquisalt  soluticms 
have  a  tendency  to  preserve  the  oxidation  value  of  the  solution;  in  other 
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words,  prevent  the  rapid  loss  of  chlorine  or  Hypochlorous  acid.  This 
preservation  can  be  shown  in  open  beakers  qualitatively  in  a  striking 
manner  by  adding  10  cc.  of  o.iiV  permanganate  to  50  cc.  of  50%  man- 
ganese sidfate  solution  containing  10  cc.  of  concentrated  hydrochloric 
add  and  to  50  cc.  of  water  containing  a  like  volume  of  the  acid.  In  a 
moderately  short  time  the  second  solution  loses  its  chlorine  in  sujfficient 
quantity  to  become  much  lighter  in  color  than  the  first  and  in  a  few  hours 
becomes  completely  colorless,  but  the  solution  containing  the  manganese 
maintains  its  color  for  weeks.  Two  such  solutions  in  duplicate  were  pre- 
pared August  15  at  9  A.M.  Both  gave  a  decided  odor  of  chlorine.  At 
9  A.M.,  the  following  day,  the  two  solutions  containing  the  manganese 
were  still  brownish  black,  but  the  two  without  the  manganese  were  practic- 
ally colorless.  On  September  5,  the  two  containing  the  manganese  were 
li^t  brown  and  on  November  18,  the  color  still  persisted  and  a  few  cc. 
of  the  solution  gave  an  evolution  of  iodine  when  potassium  iodide  was 
added.  Water  was  added  from  time  to  time  to  replace  what  was  lost  by 
evaporation. 

In  the  titration  of  iron  in  hydrochloric  add  solution  it  has  been  shown 
that  manganous  and  oerous  salts  used  in  moderate  amounts,  and  certain 
add  phosphate  and  sodium  sulfate  solutions,  prevent  the  loss  of  chlorine 
or  hypochlorous  add  during  titration  and  enable  correct  results  to  be  ob- 
tained in  the  presence  of  hydrochloric  add.  Evidently  the  reactions  of 
these  preventives  involve  two  different  types  of  effects.  One  effect  is 
transposition  from  chloride  to  salts  of  another  add  by  the  mass  action 
of  the  preventive.  The  other  effect  is  the  formation  of  an  intermediate 
compound  or  compounds  which  have  the  capadty  to  oxidize  the  ferrous 
iron,  preventing  the  loss  of  chlorine.  In  a  preventive  one  or  the  other 
effect  may  be  in  predominance.  In  the  case  of  sodium  sulfate  the  first 
effect  is  the  larger,  but  some  manganese  is  in  solution  due  to  the  products 
of  reaction  and  must  exert  some  influence.  In  the  case  of  manganese 
sulfate  and  sulfuric  acid  we  have  both  effects  with  the  second  the  larger, 
a  mixture  of  sesquichloride  and  sulfate  being  produced  as  intermediate 
products.  When  manganese  sulfate,  phosphoric  add  and  sulfuric  add 
are  employed,  the  opportunity  for  a  larger  number  of  sesquisalts  to  be 
formed  is  increased  correspondingly,  with  the  same  effect  as  that  pro- 
duced by  the  more  simple  mixtures.  With  manganese  chloride  as  pre- 
ventive, the  intermediate  sesquimanganese  chloride  gives  the  only  effect 
toward  prevention.  In  these  cases  the  reactions  may  be  represented  by 
the  following  equations : 

(i)  (In  part),  2KMn04  +  loFeCl,  +  i6Ha  -  2KCI  +  aMnCli  + 
loPeCl.  +  8H,0 

(2)  (In  part),  2KMn04  +  SFeCl,  +  16HCI  -  2KCI  +  Mn,Cl«  + 
SPcCli  +  8HtO 
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(3)  MnjCU  "^  2MX1CI,  +  Cla 

(4)  CI,  +  FeCk  *  FeCI,  (dow) 

(5)  Mn^CU  +  2FeCla  :*  aFeCl*  +  aMnCU  (more  rapjd  than  4) 

The  permanganate  oxMizes  a  considerable  portion  of  the  iron  according 
to  equation  (i).  Ho^^ver,  some  Mn^CU  is  formed,  equation  (2).  This 
sesquichloride  is  unstable  and  has  a  tendency  to  decompose,  liberating 
chlorine  (3).  The  smaller  the  amount  of  manganese  present  the  more 
rapid  is-tibis  decomposition;  the  larger  the  amount  of  manganese  the 
greater  the  tendency  to  retard  the  evolution  of  chlorine.  The  chlorine 
oxidizes  the  ferrous  iron  slowly  (4).  Manganese  sesquichloride  oxidizes 
ferrous  iron  much  more  rapidly  than  does  free  chlorine  (5).  Hence,  if 
the  reaction  represented  by  equation  three  is  forced  to  proceed  toward  the 
left  by  the  addition  of  manganese  chloride,  preserving  the  initial  character 
of  the  Mn2Cl0,  the  loss  of  oxidation  effect  due  to  chlorine  evolution  may  be 
prevented  and  the  final  reaction  follows  the  theoretical  value  (i). 

When  the  Reinhardt-Zimffiermto,  Mixer-DuBois,  or  other  solution 
of  similar  nature  is  employed  the  first  list  of  reactions  takes  place  partially, 
but  the  larger  portion  of  the  reaction  occurs  through  the  meditun  of  some 
otlier  acid  tbaA  hydrochloric — usually  phosphoric  or  sulfuric.  In  case  of 
sulfuric  acid  this  portkm  of  the  reaction  cain  be  thus  illustrated: 

(6)  2KMh04  +  loFeSOi  +  8H,S04  «  K^SO*  +  sF^^CSO*)*  +  aMnSO* 
+  8HiO 

(7)  aKM!l04  +  8FtS04  +  SHjSO*  «  K2SO4  +  4Fcj(S04)s  +  Mn,- 
(S04)a  +  8M20 

(8)  Mn5(S04)«  -f  2P^S04  «=  2MnS04  +  Fej(S04)8 
When  cerium  sulfate  is  used  for  the  prevention  : 

'  (1Vln2(S04)3  +  2Ce2(S04)s  =  2Ce(S04)2  +  2MnS04 

^^^^  \2Ce(S04)2  +  2FfeS04  =  Fe2(S04)8  +  Ce2(S04)a 
When  phosphoric  acid  is  used  the  reaction  probably  occurs  through  the 

medium  of  acid  phosphates,  involving  corresponding  changes  of  valences, 

.  Analysis  of  Iron  Ores  with  Various  Preventives. 
A  number  of  iron  ores  were  analyzed  using  the  solutions  heretofore 
described:  (a)  sodjliun.  sulfate,  (6)  potassiiu^  phosphate  and  phosphoric 
acid,  (c)  sodii^m  phosphate  and  phosphoric  acid>  (d)  manganese  sulfate 
and  sulfuric  acid,  (js)  manganese  sulfate,  phosphoric  and  sulfuric  acids, 
(/)  cerium  sulfate  and  sulfuric  acid.  The  sapiple  in  each  case  was  de- 
composed by  beating  with  about  10  cc.  of  concentrated  hydrochloric  acid 
(sp.  gr.  1.20)  and  sufficient  stannous  chloride  solution  to  almost  reduce  all 
of  the  iroiL  Afte^  complete  f plution  of  the  iron,  the  reduction  was  finished 
by  adding  stannous  chloride  drop  by  drop  to  the  hot  solution  until  one 
drop  just^made  it  colorless^  then  one  drqp  was. added  in  excess.  After 
dilution  tP  about  500  cc,  10  cc.  of  merciuic  chloride  was  added  all  at  once 
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with  vigonnis  stirring.  One  of  the  preventives  above  noted  was  added 
and  the  iron  titrated.  The  results  from  four  representative  ores  are 
listed  below. 

Tablb  XV. 
Series  XV. — Analyses  of  Iron  Ores  with  Various  Preventives. 

PrcvvatatiTc.  FlreveoUtive. 


OR 
No. 

SuBpIr 

No. 

Wt  of 

•ample. 

G. 

Kind 

VolnmflL 
Cc. 

found. 

Ore 

No. 

Sample 
No. 

Wt.of 

-SI* 

Kind. 

Volnme. 
Cc. 

%Pe 
found. 

20 

I 

0.5000 

a 

200 

65  91 

26 

0.7000 

a 

200 

35.60 

20 

I 

0.5000 

b 

30 

65.96 

26 

0.7000 

b 

30 

35. 71 

20 

1 

0.5000 

c 

30 

65.96 

26 

0.7000 

c 

30 

35.64 

20 

1 

0.5000 

d 

15 

65.91 

26 

0.7000 

d 

20 

35.64 

20 

2 

0.5000 

d 

15 

66.07 

26 

0.7000 

e 

20 

35  64 

20 

I 

0.5000 

e 

15 

66.07 

26 

0.7000 

f 

30 

36.68 

20 

2 

0.5000 

e 

15 

65.96 

43 

0.8000 

a 

200 

33.80 

20 

I 

0.5000 

f 

25 

65.96 

43 

0.8000 

b 

25 

33.77 

20 

2 

O.5DOO 

f 

25 

65.98 

43 

0.8000 

b 

25 

33.84 

21 

I 

0.4000 

a 

200 

57.44 

43 

0.8000 

b 

25 

33.84 

21 

I 

0.4000 

b 

25 

57.44 

43 

0.8000 

c 

30 

33.81 

21 

2 

0.4000 

b 

25 

57.50 

43 

0.8000 

c 

30 

33-86 

21 

I 

0.4000 

e 

25 

57-41 

43 

0.8000 

d 

20 

33.83 

21 

I 

0.4000 

f 

30 

57.52 

43 

0.8000 

d 

20 

33.94 

43 

0.8000 

e 

20 

33.85 

' 

43 

0.8000 

e 

20 

33.79 

43 

0.8000 

f 

20 

33.87 

Discussion  of  the  End  Point 

The  end  pomt  in  the  titration  of  iron  is  more  stable  in  sulfuric  and 
idiosphorie  than  in  hydrochloric  add  solutions.  In  the  last  named  the 
pink  tinge  imparted  to  the  solution,  showing  a  slight  excess  of  pennan- 
ganate,  is  more  fleeting.  While  the  addition  of  the  preventives  enumerated 
allows  a  correct  iron  analysis  to  be  made  within  the  range  of  error  expected 
of  such  an  analysis,  nevertheless  when  the  permanganate  is  added  in  ex- 
cess, as  at  the  end  of  the  titration,  a  fading  effect  becomes  more  or  less 
marked.  On  this  account  an  analyst  accustomed  to  the  iron  titration  in 
hydrochloric  add  section  calls  the  first  slight  tinge  of  color  permeating 
the  entire  solution  the  end  point.  The  tinge  is  mudi  lighter  than  the  tint 
in  sulfuric  or  phosphoric  add  solutions  free  from  hydrochloric  add.  This 
difference  is  at  least  partially  due  to  the  difference  in  color  of  the  sesqui- 
chloride  and  sulfate  and  phosphate  solutions.  This  variance  in  stability 
tnay  account  for  some  of  the  conflicting  analyses  heretofore  published. 

The  end  point  in  the  titration  of  ferrous  to  ferric  sulfate  in  the  presence 
of  sulfuric  add  and  in  the  absence  of  hydrochloric  add  is  almost  as  dean 
cot  in  the  ordinary  iron  analysis  as  in  phosphoric  add  solution.  Analysts 
leoognize  this  fact  in  the  standardization  of  permanganate  against  ferrous 
ammonium  sulfate  and  metallic  iron,  in  which  case  the  end  point  is  much 
xDoce  dear  than  in  the  regular  titration  of  iron  oies  in  the  presence  of  $ias- 
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pended  calomel  even  wl 
much  must  be  said,  if  pho 
to  his  eye  seems  to  be  a  c 
taining  product,  then  the 
change  must,  to  be  consii 
he  standardizes  the  permj 
One  gram  of  iron  presei 
in  a  volume  of  400-500  cc 
of  tenth  normal  permang 
pink,  but  it  is  a  distinct 
permanganate  gives  a  vei 
naturally  made  against  i 
experience  with  the  iron  t 
erate  amounts  of  iron  (up 
decolorizing  influence,  ho^ 
metal)  is  to  be  titrated  t 
mended,  although,  with  C£ 
With  smaller  amoimts  tl 
with  the  analyst.  Since  ( 
tion  being  titrated  is  aboi 
use  of  a  decolorizer  is  turn 

(i)  Correct  results  are 
siilf  uric  add  and  phosphoi 
chloric  add  on  permangar 
of  considerable  sulfuric  a 
tendency  to  decolorize  tt 
practically  colorless,  excq 
the  elimination  or  use  of 
ganese  sulfate  is  largely  t 
fundamental  difference  in 

(2)  When  a  titration  r 
true  value  is  dependent  c 
suspension  as  well  as  on  i 

(3)  Certain  neutral  su 
h3^drochloric  add  and  pre 
iron  titration.    The  add 

(4)  Cerous  sulfate  shov 
as  manganese  sulfate. 

(5)  Sodium  sulfate,  ac 
sulfuric  add,  manganese  j 
can  be  applied  to  iron  c 
effective,  is  as  yet  prohibil 
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(6)  The  prevention  of  the  various  reagents  studied  may  be  considered 
of  two  types:  (i)  conversion  to  salts  of  other  acids  than  hydrochloric  by 
the  mass  action  of  the  preventor,  and  (2)  the  formation  of  intermediate 
compounds,  which  in  turn  oxidize  ferrous  to  ferric  iron  with  or  without 
the  first  t3rpe  being  efifective  at  the  same  time. 
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A  NITROOBN  GBNBRATOR. 

By  Chas.  Vam  Bbumt. 
Utedved  May  4.  1914. 

A  form  of  generator  for  producing  oxygen-free  nitrogen  from  air,  which 
has  some  advantages  over  those  hitherto  commonly  used,  has  been  devised 
by  the  writer  and  has  been  in  constant  use  for  over  a  year  in  this  labora- 
tory. The  absorbing  medium  for  oxygen  is  the  well  known  copper- 
ammonium  carbonate  ocmibination.  What  novelty  there  is  consists  in 
the  continuous  circulation  of  the  solution  through  the  copper  column  in 
the  absorption  vessel  by  means  of  an  air-lift  actuated  by  the  incoming 
air  current. 

The  nitrogen  obtained  by  this  means  is  so  far  free  from  ox3rgen  that  an 
incandescent  ttmgsten  wire  is  not  oxidized  even  in  a  rapid  current  of  the 
gas.  Experience  shows  this  to  be  a  test  of  great  delicacy.  As  a  matter 
of  security,  however,  it  has  been  usual  to  add  a  tube  of  hot  copper  to  the 
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system,  but  there  h^  been,  so  far  no , 
ence  to  prove  that  this  is  n^ceas^ 
for  refined  work*. 

The  generators  in  use .  in,  t^  labc 
have  the  fjonn  .and  4imi^l>sion?  3bc 
the  sketch  \i^^mth>  t4)e  size  of  the 
voir  A  being  yaxied  ,to,  suit  the  qa»pa( 
quired.  It  is  essential  that  the  tub 
ing  vertically  dpwnw^  fr<w  tfaq  1 
oi  the  reservoir  shall  be  lo^g  ^nougb 
a  pressure  at  the.ilevi^l  of-.C,.vhere 
meets  the  liqiud, ,  ^uch .  that  .t^^  voli 
solution  carrii^up.  m^y  }je  ^t  Je^t  e 
that  of.  the  laccomp^ny iug  air  witbwt 
of  the  iattfcr  bjtckipg,  up.  in,to  4 
slight  downward  slope  of  tfe^  tut>«  ,C  ii 
tial  to  the  steady  operatic^  of.  ttiQ  lift 
internal  c^ameter,  of  the  riser  tube 
not  exceed  5  or  6  mm.,  ujtdess^an  uni 
rs^  current  .of,  ga^. is  ^-equirec^.  i 
ment  of.  the  rel^ti^e  pr^^^vtipns  of  ^ 
sdution  is  mad^  by  moaqs  of  the 
clamp  D,.  The  biest  ri^st^.are.  ot 
when  tbe  rat^.  oft  flow,  of  tJa^  sqt^tion 
that  it  rise^^.as  neairly.to*rtHe  top 
opening  into  C  as  is  possible  with< 
terrupting  the  4QW2i-cof94iig  air.ct^i 
this  point. 

The  au:-liquid  mc^ure  is  discharge 
the  adjustable  g^ae^.  1^  m  the  top 
which  distribute  the  liquid  over  the 
the  column  of  copper  chips  or  di] 
G4s  and  liquid  .traverse  this  colui 
gethcTc  Tbe  j^eotiful  flow  of  ^ 
washes  the  oxide  Gim  from  the  co] 
fast  as  it  is  formcdiby  th^  fUft^  of 
coming  air,  thus  maintaining  the  sur 
active  condition.  The  residt  is  co 
deoxidation  of  the  air,  the  reactior 
vigorous  enough  to  cause  a  noticeal 
in  temperature  when  the  cturent  W 
Tht  4cbsidiMd-  tak  .is  doliyefftd'  as 
whence  it  {Mteed  tduFough  a  pdritykt^  uwn 
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adapted  to  remove  the  vapor  derived  from  the  solvent.  Dilute  sulftiric 
acid  is  used  to  remove  the  ammonia.  (The  concentrated  add  causes  stop- 
page of  the  tubes,  due  to  separation  of  solid  ammonium  sulfate.) 

The  solution  collected  in  A  carries,  of  course,  the  copper  oxide  formed 
by  the  wet  lOMnbustion  in  £.  A  good  deal  of  this  dissolved  copper  is  re- 
duced to,  or  remains  in,  the  tmivalent  state  in  its  passage  through  B,  and 
the  reducing  energy  thus  stored  is  later  effectively  escpended  upon  the  in- 
coming air  in  the  lift. 

The  solution,  as  freshly  charged  to  the  apparatus,  is  made  by  adding 
to  a  saturated  solution  of  the  *' Ammonium  Carbonate"  of  commerce  its 
own  volume  of  ammonia  of  0.93  sp.  gr.  One  liter  of  such  a  solution  may 
be  depended  upon  for  approximately  75  liters  of  nitrogen  from  air  before 
becoming  exhausted.  The  approach  of  this  point  is  accompanied  by  a 
dulling  of  the  luster  of  the  copper  not  diflScult  to  recognize,  and  also  by  a 
slight  foaming  of  the  solution.  One  or  two  experiments  were  made  which 
tended  to  show  that  equally  good  results  could  be  obtained  by  substituting 
ammonium  chloride  for  the  carbonate,  maintaining  the  same  molal  con- 
centrations of  total  NHj  and  of  the  add  radical  in  each  case,  namely,  about 
8.  and  2  per  Uter,  respectively,  but  this  has  not  been  tried  out  in  practice. 

If  the  air  supply  is  provided  with  a  safety  or  reducing  valve,  the  pressure 
may  be  left  on  the  apparatus  and  the  nitrogen  current  started,  stopped  and 
regulated  by  a  cock  on  the  delivery  tube.  The  tendency  of  the  air  to 
back  out  through  the  reservoir  on  sudden  starting  is  easily  guarded  against 
by  a  Uttle  care;  or  a  check  valve  may  be  provided  or  a  downward  exten- 
sion of  the  tubing  if  the  added  vertical  extension  of  the  83rstem  is  not  ob- 
jected to. 

In  place  of  air,  the  oxygen-contaminated  nitrogen  commonly  supplied 
in  pressure  tanks  has  been  much  used  in  this  laboratory.  Of  course  the 
life  of  a  charge  of  solution  and  copper  is  greatly  extended  by  this  plan. 

It  may  be  suggested  that  the  piindple  of  the  air-lift  as  exemplified  in 
the  above  described  device  is  a  laboratory  aid  which  has  not  had  the  atten- 
tion it  deserves.  That  it  has  other  useful  applications  than  the  one  de- 
scribed is  manifest.  In  designing  and  adjusting  apparatus  embodying 
the  prindple,  it  is  necessary  only  to  remembo*  that  the  hydrostatic  pressure 
of  the  liquid  in  the  reservoir  should  overbalance  that  of  the  column  of 
mixed  gas  and  liquid  in  the  riser  by  an  amount  equivalent  to  the  required 
"velodty  head." 

RSUABCR  LaBOKATOEY  Q9  TBS  GSHSBAL  BI.9CTB1C  ColirAMT, 

SauiifMcVAOT,  N.  Y. 


NOTE. 

Panel  Jot  Electro-analysis. — ^The  electrolytic  panel,  described  bdow,  em- 
bodies a  number  of  shop  kinks  which  may  be  <rf  interest  to  dionists.  The 
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panel  ttsdf  is  of  oak,  120  X  60  X  2  cm.,  and  is  fastened  to  the  wall  by  four 
so  called  space  or  shoulder  nipples  of  ('/•  inch)  pipe.  These  nipples  screw 
into  pairs  of  flanges  set  on  the  wall  and  on  the  back  braces  of  the  panel, 
respectively. 

The  centre  instrument  of  the  panel  has  a  range  of  i  volt,  and  is  used^with 

10 


A 


3       Jo 


I  2,       >^ 


0 


h^s 


6= 


V*.  Bath  voltmeter. 

A.  Bath  ammeter. 

V*.  Voltmeter  for  single  potential  meastunements. 

I.  Holes  for  voKmeter  ronnfcting  plug  (14). 
3.  Holes  for  ammeter  amnecting  plug  (i40- 

3.  Handles  of  lamp  switches  for  cutting  down  izo  volt  circuit. 

4.  Detail  of  lamp  socket  and  switch  (3). 

5.  Shelf  on  rear  of  panel. 

6.  Bindmg  posts  of  V*. 

7.  Binding  posts  for  electrodes  setting  in  analysis  baths. 

8.  Twiikrs  for  additional  control  of  baths  by  means  of  riieostats  (9). 

9.  Outline  of  one  of  sii  rheostats  set  on  back  of  panel. 

10.  Panel  board. 

II.  Beaker  support. 

12.  End  view  of  bank  of  four  switches  for  voltmeter  v. 

13.  Bnd  view  of  bank  of  four  switches  for  ammeter  A. 

14.  14'.  Plugs  for  connecting  voltmeter  and  ammeter. 

15.  Rod  for  supporting  calomel  electrode. 

i6p  x6'.  Stirring  motors  with  and  without  clutch. 
17.  ^ber  support  for  back  of  voltmeter  switch. 
X.  Brass, 
y.  Fiber. 
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the  calbmel  elecfrdde  to'detdfmine  *^end  poihts"  ajid  Single  t)oltential  dif- 
'fercnces.  in  the  diialy9fe&. .  if  or  oonveirienefe  'the*  (Hirntaebtibtis  of  this  instru- 
•itient'ai^e  brought  to  the  ifroiit  of  the  pand,terittinat!rig«iritwo  binding 
posts. 

•  •!%€  6ther  two  in^tunniBttt^  havte  a  range  of  7.3  "S^blts  and  7.5  amperes 
respectively,  and  give  the  current  and  potential  change,  .through  the  anal- 
ysis bath.  The  anuneter  is  connected  through  a  modified  *'Jack*'  switch 
having  fotu"  points;  and  the  voltmeter,  through  a  set  of  foiu*.4^uble  contact 
keys.  Thus  the  vqltjage  iiia*os»,an<J-th9  pi^p-ent  through  ajiv  of  the  baths 
may  be  read  6y  pressing  .^lug&  intfi  tbe  jfroper  cavities.  There  is  little 
sparking  ordinarily,  as  the  ^mmeter  connection  does  not  inf errupt  the  ctu*- 
rent,  and  the  vdltflieter'set  across  the  balhionly. 

A  double  throw  switch  en  the  back  of  the-  panel  allows  the  use  of  either 
6  volt  storage  battery  or  1 10  volt  lighting  current.  ^  To  reduce  the  presstu-e 
of  the  lattfi£»  three  key  lamp  sockets^  wiiied  in  nmkiiple,  are  placed  in  series 
with  each  analysis  circuit,  and  two  in,  eoch.tootor  circint.  These  s(3tkets 
are  set  on  a  shelf  attached  to  th^.ri^  *of  the  panef  r"^  neat  effect  is  se- 
cured by  employing  extension  keys,  the  nandles  of  \diib|[  only  are  visible  on 
the  face  of  the  panel.  When  the  storage  battery  is  wed,  a  fuse  plug  re- 
places one  of  the  lamps  in  each  circuit.*  The  meter  connections  as  noted 
above,  are  also  on  the  rear  of  the  pstnsl.  *f 

Each  circuit  is  further  controlled  by  a  nichrc^e  rHedstalf  set  in  porcelain. 
These  rheostats  are  screwed  to  the  rear  of  the  p*elj,  eijd  are  controlled 
by  cheap  tjrpewriter  twirlers  on  the  front. 

Artificial  stirring  is  accompKshed  in  the  outer  baths  by  the  use  of  cheap 
battery  motors  with  suitable  stirrers  of  glass  or  platinum  clutched  (for 
PbOs)  or  sealed  on  to  the  niqtQ;r  shafts.  .  ,  Hhii^Y  ZiHOHh. 

Bbooxlxns.  Mab8. 


[Contribution  ']^om  tbh  CHjiia^Ai,  I^aboratory  oir  'tw&  thnvBRSiTv  of  CAtri- 

PORNIA.  ]  ^ 

THE  COLOR  AND  IONIZATION  OF  CRYSTAL-VIOtET. 

Bt  Muueot  Qi  ;AnAMB<AM»  Jjfmwia  RtmMvrma. 
.!•   ,  .  BficfliMdKtvSwlftli.    .       •    -•. 

introditfction. 

The  chromogens^  derived  from  triphenylmethane*  undergo,  on, the  addi- 
tion of  strong  adds  to  theic  aqueous  spl^tioq^ja  r^)9A^^^^^  smns  of  color 
transformations.    The  largest  variety  of* color  chstaged. among. fihese  sub- 

^  This  term  will  be  used  to  include  bbtli  colored  and  colorless  modificdtio^. 

«  Kayser,  Handbuch  d.  Spekt,^  [^]  j,  87,  247,  534;  H.  W.'Vbgel,  B^r'V  ii,  622-624 
(1878);  Ibid.,  II,  913-920,  1363-1371  (1878);  Berimer,  Ber.,  1678,  409-^^31;  blrard  and 
Pabst,  Campt.  rend.,  loi,  157-166  (1^85).  /.  Porminek.  'Vnters.  u.  ndchweis  organ. 
Farbstcffe  auf  spekt.  Wege.  (J.  Springer,  Berlin,  1908). 
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stances  is  shown  by  the  dyes,  N  penta-  and  N  hexa-methyl-^-trianilino- 
methyl  chloride,  respectivdy  known  as  methyl  and  crystal-violet.  Their 
color,  in  neutral  solution,  is  blue-violet,  changing  on  the  gradual  addition 
of  strong  add,  through  violet-blue,  blue,  blue-green,  ^een  and  yellow-green, 
to  a  pure  yellow  in  concentrated  acid.  Accompanying  these  changes  in 
hue  another  change  takes  place  when  the  solutions  are  allowed  to  stand, 
the  intensity  of  the  color  diminishing  greatly  in  strongly  acid  or  in  alkaline 
solution.  In  weakly  acid  solution  the  fading  is  slower  and  less  pronounced. 
Equivalent  solutions  of  aO  strong  adds  produce  identical  effects,  and,  on 
neutralization,  the  original  color  is  in  every  case  restored,  in  hue  at  once, 
and  in  intensity  on  standing.  Examination  ^tb  ^  dark-field  ultramicro- 
scDpe  of  acidic,  neutral  and  alkaline  solutions  of  crystcd-violet  showed 
that  only  in  the  last  case  is  this  substance  colloi4al.  It  is,  dear  ^om  .tfh^ 
observations  that  all  these  changes  are  brought  about  by  re^ctio^  of  the 
chromogens  with  hydrogen  or  hydroxyl  ion  (or  | with  water),  and  that  all 
these  reacti<ms  are  completely  reversible.  RQpfM^Une,  para**r<Mtd]lrie, 
malachite  green  and  aniline  blue  show  a  series  of  changes  si^i^ar  in  all 
respects  (except  that  the  variation  in  color  is  less)  to  .those  of  methyl  ai^d 
crystal-violet.  Solutions  of  either  of  the  latter  are  wdl  ppi^d^.fcp  spec- 
troscopic observations,  and  at  the  same  iUme  th^  similarity  ii^  b^hf^vipr 
and  analogy  in  constitution  almost  certainly  insuj^es  identi^y^  in  aU  thf^ 
cases,  of  structure  and  reactions. 

The  rate  of  the  development  of  color  when  alkaline  solutions  of  triphenyl- 
methane  dyes  are  made  addic  with  strong  or  weak  adds  has  been  careftilly 
studied  by  H.  C.  Biddle;^  he  has  pointed  out  that  these  changes  bear  a 
dose  resemblance  to  the  slow  conversion  of  the  cinchona  alkaloids  to  their 
toxic  isomers,  in  that  the  rate  of  both  is  greatly  decreased  by  increase  in 
the  hydrogen  ion  concentration.  He  also  called  attention  to  the  com- 
plexity of  the  equilibrium  in  the  case  of  crystal- violet  as  a  result  of  the  pos- 
sibility of  the  formation  of  mono-,  di-,  and  tri-add  salts;  and  made  refer- 
ence to  work  bearing  on  this  point  already  begun  at  his  suggestion  by 
the  authors.  We  wi^  in  this  place  to  express  otu-  gratitude  to  Prof.  Biddle 
for  much  hdpful  advice. 

The  accepted  structures  for  the  colorless  caibinol  (color-bast)  of  <cty«tal- 
violet  and  for  the  violet  diloiide  are  shown  in  the  formulas  on  nektpage, 
and  if,  for  convenience,  the  notation  be  adopted  OM  the  part:  of  cQnit)Oiuid 
within  the  square  be  represented  by  Rt  these  formuke  become  simply, 

CI 

ROH  and  -. ,  whereas  the  true,   (colored)   base*  would  be  represented 

by  p        Salt  formation  at  the  two  remaining  nitrogen  atoms  wiU  oe 

>Biddk,TtanJoinufAi, 96, 101,109  (19x4).  '    m    i  >»'   m.: 

*  Cf.  HoDeiiuui,  "Textbook  of  Organic  Chemistry/'  p!  464  (1903). 
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CI 


CHiNCH, 


CHiNCH, 


OH 


indicated  by  the  addition  of  the  symbol  for  hydrogen  ion  or  for  acid  at 

the  left  or  below  the  letter  R.    Thus  a  dichloride  of  crystal-violet  would 

CI 
be  repreeent^  by  /^itt^;  &  color-base  dichloride,  whic^  would  be  colorless, 

CI 
by        H  .    The  ions  of  such  chlorides  can  all  be  represented  by  re- 

CIHR— OH 
placing  the  chlorines  by  positive  charges.     In  the  case  of  para-rosaniline, 
the. symbol  R  would  represent 


and  for  all  the  dutMnogiens  named  above  the  same  notation  can  be  adopted. 
As  has  been  pointed  out  above,  the  changes  in  question  are  all  ta  be 
attributed  to  reversibk  reacrions  of  the  diromogen  with  hydrogen  ion, 
with  hydroxyl  ion,  or  with  water.  It  will  be  well,  at  this  point,  to  conrider 
the  constitution  of  the  probable  products  of  such  reactions.  Starting  with 
the  color-base  of  crystal-violet,  ROH,  which  contains  three  nitrogens, 
th|ere  is  the  possibiUty  of  adding  one,  two,  or  three  equivalents  of  hydrogen 

ton,  to  form  the  ions  „ .     ,       ^^o.     and  H+ROH.    Badb.<Qf  the.four  sub- 
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J 

Stances  may  lose  hydroxyl  ion,  forming  the  ions  R+,  R+,  H+R+,  and 

H+  H+ 

H'^R-f;  the  first  three  of  these  are  in  tautomeric  equilibrium  with  the 

H+  +   +  + 

colored  (quinoid)  ions  R,  R,  and  H'^R.    Reactions  with  water  will  pro- 

H+  H+ 

duce  no  changes  which  cannot  be  also  brought  about  by  reactions,  sue- 
oesavefy,  with  hydrogen  and  hydroxyl  ions.  Owing  to  the  symmetry 
of  the  crystal-violet  molecule  no  isomers  of  these  forms  exist.  The  genetic 
relationship  between  these  h3rpothetical  substances  is  shown  in  Table  I. 
In  this  table  definite  colors  have  been  assigned  to  the  three  quinoid  ions 
far  leascms  which  will  s^pear  later. 

Tablb  I. 

ColorleM. 


CwbiaoL 

BanoUkm. 

Colored. 
Qttinoid  ion. 

Loss  of  OH-     — > 

Tautomerism. 

ROH 

:^     R+ 

9 

ti 

ti 

*^ 

+ 

5* 

ROH 

:^     R+ 

R  (Violet) 

2. 

H+ 

H+ 

ti 

+ 

ti 

ti 

*^ 

§ 

H+ROH 

5it  H+R+ 

R  (Green) 

** 

H+ 

H+ 

H+ 

1 

ti 

ti 

\. 

ti 

H+ 

H+ 

+ 

H+ROH 

■^*.n+R+ 

H+R  (Yellow) 

H+ 

H+ 

H+ 

For  a  compound  with  one  less  amine  nitrogen  the  substances  in  the  bottom 
row  of  the  table  become  impossible;  with  one  amine  nitrogen,  only  those 
in  the  first  two  rows  remain;  while  triphenylcarbinol,  having  no  nitrogen, 
is  colorless  under  all  conditions.  On  the  other  hand,  molecular  as3rmmetry , 
Gke  that  of  rosamline,  increases  the  number  of  forms  by  the  introduction 
of  isomers. 

Snoe  the  dmmiogens  considered  are  amine  carbinols,  the  relative  speeds 
of  the  reactions  postulated  in  Table  I  may  be  inferred  from  analogy  with 
other  amines  and  other  carbinols.  As  is  well  known,  salt  formation  from 
ttmnes  is  instantaneous,  whereas  the  reaction  of  carbinols  with  adds  is 
invariably  slow.  Hence  the  reactions  in  Table  I  headed  "loss  of  OH"" 
nqr  be  expected  to  be  slow  while  all  the  others  would  be  instantaneous. 
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The  data  needed  for  the  establiahment  of  the  relative  concentrations 
of  all  the  substances  present  in  acidic  solutions  of  iV-hexamethyl-;p-tri- 
anilinomethyl  chloride^  fall  naturally  into  two  classes:  the  relative  pro- 
portions of  di£ferent  colored  substances  in  the  solutions,  and  the  variation 
of  the  proportions  of  colorless  substances  with  the  color  of  the  solutions. 
The  measurement  of  the  proportions  of  substances  of  di£ferent  colors  in- 
volves comparisons  of  color  intensities  for  many  different  shades  lying  be- 
tween violet  and  yellow  after  equilibrium  between  all  the  different  forms 
has  established  itself.  On  the  other  hand^  since  the  hue  of  the  solutions 
does  not  change  on  standing,  the  variation  of  the  proportions  of  colorless 
substances  in  solutions  of  different  colors  involves  only  the  measurement 
of  the  relation  between  original  and  equilibrium  intensities. 

The  complete  investigation  is  accordingly  divided  into  three  parts,  the 
first  to  deal  with  the  equiUbrium  between  the  colored  forms;  the  second 
with  the  slow  changes  in  color  intensity  toward  equilibrium,  and  the  third 
to  comprise  a  discussion  of  the  entire  problem. 

PARTI. 
Equilibrium  between  the  Colored  Forms  of  Crystal-Violet 

Acidic  solutions  of  crystal-violet  showed,  on  examination  with  a  small 
spectroscope,  well  marked  absorptions  in  the  yellow,  orange,  and  violet 
regions;  the  relative  prominence  of  these  absorptions  changed  in  the  order 
named  above  as  the  concentration  of  add  was  increased.  These  facts 
were  taken  to  mean  that  three  substances,  respectively  violet,  green,  and 
3rellow,  produced  the  colors  of  all  the  solutions.  This  part  of  the  present 
investigation  was  therefore  undertaken  to  obtain  quantitative  proof  of 
the  truth  or  fallacy  of  the  assumption  of  the  presence  of  three,  and  only 
three,  colored  substances. 

A  o.ooi  molal  solution  of  aystal-violet  (iV-hescamethyl-^trianilino- 
methyl  chloride)  was  made  in  conductivity  water  and  from  this  stock 
solution  were  made  all  the  more  dihite  solutions  used  in  the  measurements. 
A  2  N  solution  of  hydrochloric  add,  standardized  by  titration  i^;ainst 
standard  alkali,  was  used  to  obtain  the  desired  concentroticMis  of  add. 

Since  the  color  of  freshly  acidified  crystal-violet  solutions  dianges  ap- 
predably  in  the  time  required  for  a  set  of  spectrophotometric  measure- 
ments, it  was  necessary  to  make  these  measurements  with  solutions  which 
had  come  to  equiUbrium.  The  ratios  ot  initial  to  final  color  intensities 
in  such  solutions  have  been  obtained  from  measurements^  of  the  rate  of 

^  This  substance  was  chosen  rather  than  the  pentamethyl  derivative  because  it 
was  available  in  (Kahlbaum's)  pure  form.  Analysis  gave  N  »  10.27%,  10.37%; 
theoretical,  calculated  for  the  hexamethyl  derivative  10.33%;  for  the  pentamethgrl 
derivative,  10.70%. 

« See  Part  H. 
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fading,  and  the  absorption  measurements  at  equilibrimn  have  been  com- 
bined with  these  ratios  to  obtain  the  initial  absorption. 

When  monochromatic  light  of  intensity  lo  passes  throt^h  an  absorbing 
medium,  the  intensity  of  the  transmitted  light,  Ii  is  given  by  the  relation: 

Ii  «  lo  X  lo"^  (i) 

where  d  is  the  depth  of  the  absorbmg  layer  and  e,  the  ''extinction  coeffi- 
cient/' is  a  constant  which,  for  any  wave  length,  is  characteristic  of  the 
absorbing  material.  The  value  of  the  extinction  coefficient  for  unit  con- 
centration of  the  absorbing  substance  is  called  the  molecular  extinction 
coefficient  and  is  usually  represented  by  Ax.  Then,  in  terms  of  this  con- 
stant, equation  (i)  becomes 

Ii  =  lo  X  lo-^^ 
where  C  is  the  concentration  in  mols  per  liter  of  the  absorbing  substance, 
and  the  depth  d,  is  measured  in  centimeters. 

Equation  (2)  may  also  be  written  in  the  form, 

log  Ii/Io  =  AxCd.  (3) 

The  ratio,  of  the  intensity  of  the  incident  to  that  of  the  transmitted 
Ught  was  measured  by  means  of  a  Konig,  Martens  and  Griinbaum^  spectro- 
photometer. In  this  instrument  two  beams  of  monochromatic  light  from 
the  same  source,  which  have  passed  respectively  through  the  solution  and 
through  an  equal  column  of  the  pure  solvent,  are  polarized  in  mutually 
perpendicular  planes  and  are  compai^ed  by  means  of  a  Nicol  in  the  rotatiiig 
eye-piece  of  the  instrument.  If  a  be  the  angle  at  match  between  the  ana- 
lyzing Nicol  and  the  polarizer  in  the  beam  from  the  pure  solvent,  then  the 
ratio  of  the  intensities  is, 

lo/Ii  =  tan«  a,  (4) 

and  comlrining  with  equation  (3) 

AxCd  —  2  log  tan  a.  (5) 

It  will  be  well  at  this  point  to  consider  the  accuracy  attainable  with  this 
type  of  instrument.  Under  favorable  conditions  of  illumination  the  ac- 
curacy of  setting  is  considerably  greater  than  that  of  reading  the  angle 
between  the  Nicol  prisms.  The  absolute  magnitude  of  the  latter  is  ob- 
viously the  same  at  all  angles,  hence  the  maximum  of  acctmicy  is  reached 
when  the  specific  extinction  coefficient  changes  least  rapidly  with  the  angle, 
that  is  to  say,  when  the  logarithmic  derivative  of  Ax  with  respect  to  the 
angle  is  a  minimum.    From  equation  (5)  this  derivative  is 

din  Ax  _    d  In  tan  a    _  2 

da  In  tan  a  da       sin  2a    In  tan  a 

and  will  be  a  minimum  when  its  denominator  is  a  maximum; 
>  Martens  ftnd  Grfinbaum,  Dtrnds's  Amn.,  za,  984-1000  (1903). 


(6) 
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d  (sin  2a  In  tan  a)         ,  ,    ^  i     \       r^  /  \ 

— ^^ =  2(cos  2a  In  tan  dt  +  i)  =  O.  (7) 

da 

The  solutions  of   this  equation  in  the  first  quadrant  are  a  «  16**  46'; 

«  =  73°  14'-    Substituting  into  equation  (6),   a  =  16**  46',   da  =  o.i® 

=  0.0017  radian;  d  hi  Ax  =  1.2%;  that  is,  the  maximum  accuracy  is 

obtained  if  the  concentration  is  so  chosen  that  the  instrument  reading  is 

a  =  16°  46',  and  the  error  of  a  single  reading,  o.i**,  will  then  produce  an 

error  of  1.2%  in  Ax- 

It  should  be  further  noted  that  the  probable  error  in  Ax  will  be  reduced 
nearly  threefold  by  taking  eight  readings,  as  has  been  done  in  the  measure- 
ments to  follow.  On  the  other  hand,  at  the  ends  of  the  spectrum  the  lade 
of  Ught  makes  the  error  in  setting  greater  than  that  of  reading  a.  The 
unavoidable  inequality  in  illumination  causes  the  value  of  a  taken  with 
the  solution  on  the  two  sides  of  the  instrument  to  differ,  without  introducing 
any  error  into  their  mean. 

The  Calibration  of  the  Spectrophotometer, — ^The  "wave  length"  scale  of 
the  spectrophotometer  used  being  an  entirely  arbitrary  one,  it  was  neces- 
sary to  caUbrate  it  by  means  of  some  standard  wave  lengths.  For  this 
purpose  were  used  the  red  lithium  line,  the  sodium  "D"  Une,  and  the  yellow, 
yellow-green,  blue-green  and  blue  lines  of  mercury.  All  these  lines  appeared 
of  appreciable  width  but  had  sharp  edges,  and  therefore  scale  readings  at 
both  edges  of  the  lines  were  made  and  their  average  was  taken  as  the  posi- 
tion of  the  line  on  the  scale.  No  attempt  has  been  made  to  correct  for 
the  slit  width,  since  it  was  found  that  none  of  the  sHt  widths  used  appre- 
ciably increased  the  apparent  width  of  the  lines.  The  results  of  the  cali- 
bration measurements  are  given  in  Table  II. 

Tabids  II. — Tbh  Calibration  of  the  Spbctrophotokstsr. 

Scale  readings.  WaTe 

. • *       SUt  length    ...  .,       , 

Une.  a.  b.        Mean,     width.  X.        X  '  X  lo". 

U  red 3388    3249 

3387   3247         15  M    6708  A    2.222 

3387   3253   3318 

Na  D 3080    2957  TO 

3080    2955  30         5890         2.880 

3090    2947    3018    30         5896 

Hg  jTcUow 3038    2897  5  5790 

3033    2896    2967      5  5769         2.995 

Hg  green 2862    2730 .  5 

2862    2730    2976      5  5460  3-355 

Hg  blue-green 2467    2338  5 

2471    2344    2405     10  4916  4.140 

Hgblue 1840    1709  5 

1841     1711     1777      5  4358  5.265 
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A  calibration  curve  was  drawn  plotting  instrument  readings  against  the 
square  of  the  frequencieSi  and  from  this  curve  were  obtained  the  inter- 
mediate wave  lengths  corresponding  to  instrument  readings. 

Tabls  III. — ^Wavb  Lsngths  akd  Corrbspondino  Instrtjmbnt  Rsadinos. 


Wave  lencth 

IfUtrumeot 

Wave  lejigth 

Instrument 

X. 

readings. 

X. 

readings. 

4609  A 

2100 

5955  A 

3050 

4800 

2300 

6073 

3100 

5025 

2500 

6215 

3150 

5295 

2700 

6348 

3200 

5^36 

2900 

6650 

3300 

5839 

3000 

In  Table  III  are  given  the  wave  lengths  and  the  corresponding  instrument 
readings  at  which  all  absorption  coefficients  were  measured. 

The  Spectrophotametric  Measurements. — ^The  molecular  extinction  co- 
efficient, Ax,  which  has  been  defined  in  equation  (2)  is,  according  to 
Beer's  law,  a  constant  with  respect  to  the  concentration  whenever  dilution 
does  not  affect  the  chemical  nature  of  the  colored  substances.  That  Beer's 
law  heads  for  the  solutions  used  in  this  work  follows  from  the  fact  that  the 
decrease  in  color  intensity  to  an  equilibrium  value  is  unaccompanied  by- 
change  of  hue.  Hence  it  is  clear  that  comparison  between  the  absorptions 
of  solutions  of  different  chromogen  concentrations  is  possible  through  the 
use  of  the  molecular  extinction  coefficient,  and  since  the  measturements 
gave  the  angle  a  of  equation  (5),  this  equation  is  directly  applicable  for 
the  calculation  of  this  characteristic  constant.  It  may  be  pointed  out  again 
that  the  angle  a  was  measured  with  a  10  cm.  tube  of  the  solution  of  chromo- 
gen on  one  side  of  the  instrument  and  a  10  cm.  tube  of  pure  solvent  on  the 
other;  and  that  after  settings  had  been  made  in  all  fotu*  quadrants  the 
tubes  were  interchanged  and  settings  were  again  made  in  four  quadrants. 
Thus  any  inequality  in  the  illumination  was  eliminated  from  the  average 
value  of  the  angle.  The  method  by  which  the  calculation  was  made  is 
illustrated,  using  a  t3rpical  set  of  eight  instrument  readings,  in  Table  IV. 

Tablb  IV. — Instrumsnt  Readings  and  CAtcuLATioNS  on  thb  BLtJB  Solution  for 

Wave  Lsngth  5955  A. 
Concentration  of  chromogen  »  5.0  X  io~*  m. 
Concentration  of  HCl  »  0.016  N. 

QumL  I.  II.  III.  IV.  4a.  a. 

I 72. I**     105. 9**     252.1*     285.8^     360°  +  !  — II  -f 

III  — IV     =292.5"    73  12* 

R 16.4°    161. 6*    196.5*    341.4**    — I-fll  — Ill-f 

IV  =  290.1°     72.52* 

Mean,     72.82* 
Ax  »  2  log  tan  72.82*  -^  (10  *^"-)  -^  (50  X  io~«  m.)  =  20400. 

"L"  and  "R"  signify  respectively  "chromogen  solution  on  left  side  of  instrument" 
and  "chromogen  solution  on  right  side  of  instrument." 
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In  the  same  way  the  values  of  a  were  obtained  at  the  eleven  wave  lengths 
given  in  Table  III  for  all  six  solutions,  and  these  values  of  a,  together  with 
the  concentrations  of  the  solutions  and  the  wave  lengths  to  whidi  they 
refer  are  given  in  Table  V.  From  the  mean  values  of  a,  Ax  has  been  cal- 
culated to  obtain  a  measure  for  the  concentrations  of  the  colored  sub- 
stances; and  Table  VI  gives  these  values  of  Ax. 

Dividing  these  figures  by  the  ratio  of  equilibrium  to  initial  color  inten- 
sity (7),  found  in  Part  II,  we  obtain  the  initial  values  of  the  molecular 
extinction  coeflBcient.    These  values  are  given  in  Table  VII. 

Table  V. — VAum  of  the  Angle  a  for  Solutions  op  the  Chromogen  th  Pure 

Water  and  in  Aero. 

Violet-  Blue-  Yellow-  Greca- 

Color.  Violet.  blue.  Blue.  green.  greeo.  yellow. 

Cone.  HCl  None         0.004  iV.     0.016  i\^.     0.04b  AT.      0.20  N.       i.ooN, 

Cone,  chromo- 
gen 1.5  X  10"*  2.0  X  10"^  5.0  X  10"^  20  X  lo"*  50  X  lo"^  50  X  lo"* 

a. 
Wave  length.  ^  <  ,   ■.,.*,        , 

6650  A 46.80**  51.52*  56.30*  59. aS*  50.38°  47.Q5** 

46.08*  51. 55*  55.10*  59.20*  51.42*  48.15* 

6348 52.15*  61.12*  70.25*  78.50*  59.92*  47-92* 

51.88^  61.65*'  69.75*  78.58*  59.20*  49.10* 

6215 60.50*  67.72*  71.95*  78.58*  5952*  47.72* 

59.88*  68.12*  71-55*  79.00*  58.80*  48. 78* 

6073 70.82*  72.88*  72.72*  76. 68*"  55.35*  47.20" 

70.30*  73.38*  72.00*  76.70*  57.08*  48.10* 

5955 77.18*  77.38*  73.12*  74.60*  53.25*  46.90* 

77.12"  77. 20*  72.52*  74-92*  55."*  47.82* 

5830 77.58*  77.52*  71.88*  72.10*  52.05*  46.32* 

77.22*  77.08*  71.08*  73.18*  53.78*  47.05* 

5636 72.78*  72.82"  65.65*  65.00*  49.00*  46.68* 

73.18*  72.52*  65.10*  66.28*  51.38*  47.10* 

5295 66.80*  65.50*  57.78*  55.58*  46.50*  47.00* 

67.18*  65.15*  57.25*  57.70*  49.65*  46.95* 

5025 56.10*  55.32*  51.05*  49-88*  46.28*  48.58* 

56.25"  55.02"  50.22"  52.58*  50.48*  48.32* 

4800 51.20"  49-62*  48.28*  48.52*  46.95*  50.85* 

51.70*  49.18*  47.52*  51.10*  51.82"  50.90* 

4609 47.80*  47.08*  47.20"  48.82"  49.70"  54.45* 

49.65*  47-22"  46.55*  51.35*  53.98*  53.85* 

The  set  of  values  of  the  molecular  e3rtinction  coefficient  at  various  wave 
lengths  for  a  single  chemical  species  of  the  diromogen  will  be  called  a 
''fundamental."  The  absorption  of  a  solution  containing  several  chemical 
species  will  be  the  smn  of  the  products  of  the  fundamentals  by  the  frac- 
tions of  chromogen  present  in  the  respective  colored  forms.  To  prove 
that  three  colored  forms  are  present  we  must  show  that  three  fundamentals 
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Tabu  VI. — ^EgtTiLiBRinM  Values  of  the  Molecvlar  Extikction  Cobfficisnt, 

Ax  AT  20.0  •. 

Violet-  Blue-  Yellow-  Oreen- 

Color.  Violet.  blue.  Blue.  green.  green.  yellow. 

Cone  HCl  None         0.004  iNT.       0.016  i\^.       0.040  i\^.     0.20  N.       1.00  N. 

Cone  ^ironio- 

gcn  1.5  X  XO-*  2.0  X  IO-*  5.0  X  IO-*  20  X  lo-*  50  X  ^o-•  50  X  lo-* 

AX  X  10-*. 
Ware  length.  *  •  " 

6650A 2.90  9.99  6.64  2.25  0.390  0.158 

6348 14.51  26.31  17*56  6.93  0.964  0.214 

62x5 32.22  39.18  19.27  7.09  1. 00  0.198 

6073 60.19  52.06  X9-9I  6.26  0.709  O.161 

5955 85.60  64.65  20.41  5.65  0.585  0.X44 

5830 86.79  64.71  18.99  5-05  0.493  0.097 

5636 68.55  50.57  13.55  3.43  0.316  0.114 

5295 49.62  33.76  7.83  1. 81  0.186  0.120 

5025 23.20  15.75  3*54  0.950  0.204  0.210 

4800 13.14  6.70  1.76  0.734  0.268  0.398 

4609 7.53  3.26  1. 13  0.777  0.418  0.564 

Tabls  VII. — ^iNiTiAx.  Values  of  the  Molecular  Bxtinction  Coefficient,  Ax, 

AT  20.0*. 

axx  10-*. 

Wave  length.  # * 

6650  A 0.29  1.20  2.80  1.88  1. 12  0.35 

6348 1-45  3.X6  5.84  5.78  2.79  0.47 

6215 3.22  4.70  6.40  5.91  2.87  0.44 

6073 6.02.  6.25  6.62  5.22  2.04  0.36 

5955 8.56  7.76  6.79  4.71  1.68  0.32 

5830 8.68  7.77  6.43  4.21  1.42  0.22 

5636 6.86  6.06  4.50  2.86  0.91  0.25 

5295 *...  496  4.05  2.60  1.51  0.54  0.27 

5025 2.32  1.89  1. 18  0.79  0.59  0.46 

4800 1.31  0.80  0.58  0.61  0.77  0.88 

4609 0.75  0.39  0.38  0.65  1.20  1.25 

are  necessary  and  sufficient.  The  calculation  of  the  fundamentals  from 
the  absorptions  of  mixtures  of  forms  is  algebraically  impossible.  However, 
if  we  impose  the  restrictions  that  the  concentration  of  total  chromogen 
is  fixed,  and  that  neither  the  concentration  of  any  of  the  forms  not  their 
absorptions  at  any  wave  length  can  become  less  than  zero,  the  fundamentals 
are  restricted  within  very  narrow  limits. 

It  was  at  first  attempted  to  asstmie  that  the  sum  of  the  fractions  of 
chromogen  in  the  several  colored  forms  added  up  to  unity,  but  this  was 
found  impossible,  indicating  that  even  initially  a  part  of  the  chromogen 
is  present  is  some  colorless  form.  However,  this  sum  cannot  exceed  unity 
and  this  condition  was  imposed. 

The  fundamentals  were  found  by  trial,  and  are  given  in  Table  VIII  and 

Fig.  I. 

The  fractions  of  chromogen  present  in  the  different  forms  are  given 
in  Table  IX. 
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Fig.  I . — Fundamental  absorption  curves  of  aystal- violet. 

Tablb  VIII.— Fundamental  Molecular  E3ctinction  Cobfficisnts. 

Wave  length.  Violet.  Green.                  Yellow. 

6650  A 3000  40800 

6348 14500  II2500 

6215 32200  107200 

6073 60200  82500 

5955 85600  6zooo 

5830 86800  49200         200 

5636 68400  28400        1300 

5295 49600  8000        3500 

5025 23200  800        6700 

4800 Z2000  . .         X2800 

4609 5000  18300 

Table  IX. — Calculated  Fractional  Concentrations  of  Colored  Forms. 

Color  of  solution.  Add. 

Violet None 

Violet-blue 0.004  ^ 

Blue 0.016  i\r 

Blue-green 0.040  N 

Yellow-green 0.20    N 

Green-yellow i  .00   N 


Violet 

Green. 

Yellow.      C  by  d 

1. 000 

... 

0.779 

0.195 

O.OII 

0.462 

0.466 

0.090 

0.206 

0.490 

0.298 

0.019 

0.250 

0.690       0.04 

O.OQ3 

0.042 

0.685      0.27 
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The  comparison  with  the  experimental  results  is  given  in  Pigs.  2  and  3, 
QD  which  the  lines  represent  the  calculated  absorptions,  while  the  experi- 
mental points  are  marked  by  crosses.  The  completeness  of  the  agreement 
establishes  that  three  absorbing  substances  are  necessary  and  sufficient  to 
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Pig.  3. — ^Abflorpticm  curves  for  crystal- violet. 


produce  the  observed  absorption  of  all  the  solutions.  The  presence  of 
other  cdored  substances  would  be  possible  only  if  their  absorption  were  a 
linear  function  of  that  of  two  or  all  three  of  the  fundamentals  given  above — 
a  condition  so  improbable  as  to  merit  practically  no  consideration. 
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.Such  condusioiis  as  are  possible  will  now  be  drawn  regarding  the  nature 
o^. the  substances  initially  present  in  acidic  solutions  of  crystal- violet. 
It  is  well  Imown  that  the  color  of  strong  electrolytes  is  almost  completely 
independent  of  the  degree  of  ionization.  The  work  of  Hantzsch  and  others 
has  shown  that  pseudo-bases,  such  as  crystal-violet,  are  strong  electro- 
lytes in  iacid  solution;  hence  the  concentrations  of  colored  forms  found  by 
colorimetric  means  are  the  sums  of  ionized  and  unionized  forms.  The 
researches  of  A.  A.  Noyes  and  his  co-workers  have  shown  that  if  71  be 
the  degree  of  ionization  of  a  uni-univalent  strong  electroljrte  in  a  solution 
of  total  ion-concentration  Ci,  then  the  degree  of  ionization,  y^n>  of  a  salt 
of  valence  product  mn  is  equal  to  71*"".  If  now  the  ions  of  two  chlorides 
ACl^  and  BClj  combine  to  form  a  (/>+g)-valent  ion  the  equilibrimn  con- 
stant for  the  reaction  AB^*+«^"*"  =  A^^  +  B«+  is 

^  ^  (A»^)(B^+)  ^  (2A)7i",(2B)7i^  ^  (SA)(2B) 
(ABf^+«J+)  (SAB)7i^^*  (2AB) 

where  (SA),  (2B)  and  (SAB)  are  the  total  concentrations  of  ionized  or 
un-ionized  ACl*^,  BCl^  and  ABC1^+^.  Hence  the  equilibrium  constant 
for  the  ions  is  identiod  with  that  for  the  total  reagents,  and  mass-law 
considerations  can  be  applied  to  the  total  concentrations  in  such  reactions, 
of  which  those  of  crystal-violet  with  hydrochloric  acid  are  typical  cases. 
The  solid  violet  substance  is  known  to  be  CisHjoNjCl,  which,  for  brevity 
may  be  written  RCl,  hence  it  may  be  concluded  that  the  violet  fundamental 
is  due  to  RCl  ^I^  R+  +  Cl~,  while  the  increase  in  the  concentrations, 
relative  to  it,  of  the  other  colored  forms  with  increasing  add  concentration 
proves  that  they  are  formed  from  it  by  combination  with  acid.  The 
amount  of  acid  can  be  found  by  application  of  the  mass  law.    In  Table  X 

are  given  values  of  the  ratios  K,  =  ^^^^\  K,  =  ^^^^,  K,  = 

Ti^N^^'  where  (2V),  (2G),  (SY)  and  (2C)  are  the  respective  total 

concentrations  of  violet,  green,  yellow  and  initial  colorless  forms,  and  (SH) 
is  the  total  acid  concentration. 

Tablb  X. — ^Mass  Law  Constants. 

Color  of  solution.  Acid. 

Violet-blue 0.004  ^ 

Blue 0.016  N 

Blue-green 0.040  N 

Yellow-green o. 200  N 

Green-yellow 1 .000  N 

The  substantial  constancy  of  the  first  two  ratios  establishes  the  compo* 
sition  of  the  green  and  yellow  forms  as  RHCls  '^~^  RH++  +  20"'  and 
RHjCU  ±^  RHj+++  +  3CI-,   respectively.      There  is  also    evidence. 


Ki. 

Ks. 

Ka. 

0.0160 

0.0159 

0.083 

0.0168 

0.066 

0.0152 

0.072 

3.4 

.... 

0.061 

2.5 
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not  entirely  conclusive,  that  the  "initial  colorless**  fonn  is  RHsCU  "7^ 
IIH,++++  +  4CI-. 

PART  n. 
Measurements  of  the  Rate  of  Fading  of  Crystal-Violet  in  Acid  Solution. 

The  slow  changes  in  color  intensity  mentioned  in  the  introduction  take 
place  at  a  rate  and  to  an  extent  which  increase  with  increasing  acid  concen- 
tration. With  add  concentrations  less  than  o.oooi  N  no  measurable 
fading  occurs,  while  in  normal  acid  the  color  fades  rapidly  and  nearly 
disappears  in  the  course  of  an  hour.  Miss  A.  Morse  and  Miss  L.  Vance, 
at  the  suggestion  of  Prof.  H.  C.  Biddle,  carried  on  an  investigation  of  this 
fading,  using  a  Stammer  colorimeter.  They  demonstrated  that  the  re- 
actions involved  are  monomolecular  in  both  directions  and  also  found  a 
much  greater  dependence  on  temperature  than  had  been  anticipated. 
The  measurements  were  therefore  repeated  at  20.0^,  using  the  instrument 
and  concentrations  of  solutions  employed  in  Part  I  of  this  investigation. 

Constancy  of  temperatture  during  the  measurements  was  maintained 
by  setting  up  the  spectrophotometer  in  an  air  thermostat  which  was  main- 
tained at  20**  ^  0.1  °  by  means  of  an  electric  lamp.  The  entire  equipment 
was  placed  directly  over  a  large  water  thermostat  constant  at  20®  =*=  0.01, 
in  which  all  solutions,  tubes,  etc.,  were  permitted  to  come  to  constant 
temperatiure  before  the  beginning  of  an  experiment.  The  large  heat  ca- 
pacity of  the  solutions  must  have  prevented  their  following  to  any  great 
extent  the  small  and  rapid  fluctuations  in  the  temperature  of  the  air 
thennostat. 

The  reactions  which  produce  colorless  modifications  of  the  chromogen 
from  colored  ones  all  take  place  in  solutions  extremely  dilute  with  respect 
to  chromogen,  and  so  the  only  concentrations  which  can  be  changed  ap- 
preciably are  those  of  the  colored  and  colorless  substances.  The  reaction 
may  therefore  be  represented  as  "colored  "^"^  colorless;"  and  if,  now, 
it  be  assumed  that  this  reaction  is  monomolecular  in  both  directions,  the 
rate  of  the  transformation  of  colored  to  colorless  chromogen  is  expressed 
by  the  differential  equation 

—  dC/dt  =  KiC  —  KaL,  (8) 

where  C  and  L  are  the  concentrations  at  the  time  **t"  of  the  colored  and 
of  the  colorless  substances,  and  Ki  and  K2  are  the  specific  reaction  rates 
of  the  direct  and  reverse  reactions.  Representing  the  initial  concentration 
of  chromogen  by  Co,  the  values  of  C  and  L  become  Co7,  and  Co(i — y), 
and  equation  (8)  then  reads 

—dy/dt  =  Kx7  —  Ka(i— 7),  (9) 

^  equation  giving  the  rate  of  change  of  7,  the  fraction  of  chromogen  which 
is  colored.    On  integration  this  last  equation  becomes 
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In  (7/700—1)  =  — (Ki  +  K,)<  +  In  (i-7oo)  (10) 

or 

In  (C  —  Coo) (Ki  +  Kt)^  +  In  (Co  —  Coo).  (") 

Changing  to  common  logarithms  and  combining  with  equation  (5)  gives 
tiie  two  equations 

log  (log  tan  a  —  log  tan  a^^  )  = t  + 

2.303 

log  (log  tan  oo  —  Ipg  tan  ttoo  ).     (12) 
_  log  tan  ttpQ 
^«  "  logtanoo  •  ^'^^ 

At  equilibrum  equation  (9)  becomes,  Ki7oo  —  ^2(1 — 7<»)  —  0»  whence 

K,  -  7«)(Ki  +  K2).  (14) 

an  equation  by  which  the  separate  specific  reaction  rates  may  be  calcu- 
lated. 

It  follows  that  if  log  (log  tan  a  —  log  tan  ao© )  be  plotted  against  the 
time  there  should  result  a  straight  line  whose  slope  is  (Ki  +  K2)/2.303  and 
from  whose  intercept  7oq  may  be  calculated  by  equation  (13). 

From  equation  (7)  it  may  be  inferred  that  the  accuracy  of  the  measure- 
ments suffers  if  a  varies  too  widely  from  74^  (or  the  corresponding  angle 
in  the  other  half  quadrants).  The  wave  lengths  at  which  rate  measure- 
ments were  made  were  so  chosen  as  to  give  as  high  an  accuracy  as  possible, 
hence  in  the  more  add  solutions  a  change  to  another  wave  length  was  madie 
when  the  absorption  of  the.  solution  became  too  small.  The  observed 
values  of  a  are  given  in  Table  XI. 

The  mode  of  calculating  the  average  value  of  a  used  in  Part  I  automatic- 
ally eliminates  two  sources  of  error  of  single  measurements:  that  due  to 
the  angle  between  the  zero  of  the  scale  and  the  position  of  crossing  of  the 
Nicol  prisms  (found  to  be  i.i  ®),  and  that  due  to  inequality  of  illumination 
of  the  two  sides  of  the  spectrophotometer.  To  make  the  first  correction, 
I.I®  was  added  to  all  the  observed  angles  before  taking  the  logarithmic 
tangent;  to  make  the  second,  o.i  ®  has  been  added  to  left-hand  readings  and 
subtracted  from  right-hand  readings  in  the  case  of  the  violet-blue  solution. 
In  the  other  cases  the  correction  has  been  made  either  by  averaging  equal 
numbers  of  right-hand  and  left-hand  observations  or  by  drawing  the  best 
representative  line  of  the  plot  midway  between  those  determined  by  the 
two  sets  of  readings. 

Since  in  the  more  slowly  changing  solutions  several  minutes  are  required 
to  produce  a  change  of  o.i  **  in  a,  in  these  cases  two  or  more  readings  have 
been  reduced  to  the  same  half  quadrant  and  averaged  before  taking  loga- 
rithmic tangents,  and  the  times  of  readings  likewise  averaged. 
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TaBLK  XI. — ^AVBRAOB  VaLITB  OP  a  RSDUCBD  TO  SSCOKD  HaUT-QuaDRANT. 


Color.                       Violet-blue. 

Blue. 

Yellow-green.     Green-yellow. 

Cone  Ha                0.004  N, 

0.016  iV. 

0.040 -V. 

0.20  iV. 

I. 

ooN, 

Cone  diromogen  a.oX] 

io"*m. 

5.oXio"«m. 

2oXio~*m. 

5oXio"*m. 

50X 

;io"*m. 

Mean      Mean 

Time.        a. 

X5839. 

Mean    Mean 

Time.       a, 
X5295. 

Mean      Mean 
Time.        a. 
X5025. 

Mean   Mean 
Time.      a. 
X5295. 

Mean    Mean 
Time.       a. 
X5839. 

1^' 

u 

1^ 

1^ 

h 

5 

8o.4« 

5 

76.6* 

3 

79.5^ 

3" 

84.1 

3 

70.4- 

8 

80.3 

7 

76.6 

4 

78.6 

4 

83.6 

4 

68.2 

10 

80.1 

9 

76.2 

6 

77-7 

5 

82.5 

5 

67.8 

37 

79.4 

13 

75.7 

8 

77.5 

6 

81. 1 

6 

65.7 

41 

79.5 

17 

75.4 

29 

70.6 

7 

80.8 

7 

65.2 

70 

78.8 

21 

74.8 

32 

69.7 

8 

79.5 

8 

63.0 

71" 

78.9 

25 

74.0 

35 

69.2 

9 

78.3 

9 

62.9 

105 

78.3 

29 

73.4 

43 

66.2 

10 

76.7 

10 

61.4 

io6« 

78.3 

33 

72.9 

45 

66.1 

XI 

75.7 

00 

46.60 

I20»« 

77.9 

39 

72.0 

46»» 

65.8 

12 

75.0 

I22*' 

78.1 

47 

71.4 

00 

51.22 

13 

74.1 

X6348 

I24»* 

78.0 

55 

70. 5 

I4« 

72.6 

12»« 

71.5 

126 

78.0 

63 

69.6 

X5295 

15 

71.0 

13 

70.6 

00 

77.18 

73 

68.5 

38" 

81. I* 

16 

70.0 

14" 

67.9 

81 

67.8 

40** 

80.7 

17 

68.1 

15 

67.7 

91 

67.0 

41" 

80.3 

18 

67.9 

16 

66.4 

eo 

57.50 

48 
49»o 

78.9 
78.3 

00 

48.07 

17 
18 

65.0 
64.5 

68 

73.8 

X5636 

19 

62.0 

69»« 

72.9 

I6*» 

82.7 

20 

6x.o 

72" 

72.1 

17" 

81.8 

22 

59.x 

75 

72.3 

18W 

80.9 

27 

55.8 

00 

56.63 

19 
20 
21 
22 
29 
30 
38 

39 

00 

80.9 
79.6 
78.1 
77.0 
69.2 
69.0 
62.1 
61.6 
50.19 

28 

00 

56.2 
47.65 

X6073 

37 

78.2 

38" 

76.4 

39»' 

75.2 

40" 

74.4 

41" 

73.7 

42 

73.1 

56 

63.8 

58 

62.8 

60 

61.8 

QO 

56.20 
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Tablb  XII. — Cajxttlations  from  Ratb  Data  on  Blub-Viol9T  Solution   (takbn 

AT  X   =*  5839  A). 
No.  of 

rcmdiDfS.  Mean  time.      Mean  a.       log.  tan  a.  /lo-lkioo.  log  A. 

7 5  80.4  0.7718  0.1247  90959 

4 8  80.3  0.7672  0.Z20I  9.0795 

4 10  80.1  0.7581  o.iiio  9.0453 

4 37  79.4  0.7278  0.0807  8.9069 

4 41  79-5  0.7320  0.0849  8.9289 

4 70  78.8  0.7033  0.0562  8.7497 

4 71"  78.9  0.7073  0.0602  8.7796 

4 105  78.3  0.6838  0.0367  8.5647 

4 106"  78.3  0.6838  0.0367  8.5647 

4 120"  77.9  0.6688  0.0217  8.3365 

4 122"  78.1  0.6763  0.0292  8.4654 

4 124"  78.0  0.6725  0.0254  8.4048 

4 126  78.0  0.6725  0.0254  8.4048 

00  77.18         0.6471 


2.0 


o  20  40  60  80  100  120 

Time  in  minutes. 
Fig.  4. 

The  calculation  of  the  left-hand  member  of  equation  (12)  is  given  for 
the  violet-blue  solution  in  Table  XII,  in  which  the  first  column  gives'the 
number  of  readings  averaged,  the  second  and  third  columns  the  average 
time  and  average  a,  the  fourth  column  gives  log  tan  a,  the  fifth  log  tan 
a — log  tan  a^^  and  the  sixth  log  (log  tan  a  —  log  tan  a^^  ),  which  has  been 
called  log  A.    The  values  of  ao©  are  taken  from  Part  I,  Table  V.    The 
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calculations  from  the  other  solutions  were  made  in  the  same  way.    The 
results  of  these  calculations  are  shown  graphically  on  Figs.  4  to  7. 


20 


40  60 

Time  in  minutes. 

Fig.  5. 


30  40 

Time  in  minutes. 
Fig.  6. 


50 


Table  XIII  gives  in  the  first  two  columns  the  intercept  and  slope  of 
the  lines  of  these  plots,  in  Column  three  the  values  of  7  00  calculated  by 
Rations  (12)  and  (13),  and  in  Column  five  the  value  of  Ks  from  equation 
(14).    Ki  is  obtained  by  difference  and  is  given  in  Column  four. 

The  effect  of  increasing  acid  concentration  on  the  rates  of  the  reactions 
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"colored  ilj^  colorless"  is  to  cause  the  rate  of  the  direct  reaction  to  in- 
crease continuously  although  not  proportionately,  and  the  rate  of  the  re- 
verse reacticm  to  pass  through  a  minimum. 

Tabls  XIII. 


(Ki+K.)/2.303. 
Colar.  Mean  slope. 

Violet-blue 0.00525 

Blue 0.00456 

Blue-green 0.00874 

YeUow-green 0.0295 

Green-yellow 0.0350 


Intercept. 
T.II3 
r.657 
817 
124^ 

0.072 

0.384" 
i.7i6» 


1  .ii 
Jo.i 


7«0. 
0.838 
0.301 


Ki. 
0.00202 
0.0073 


O.OIOI 

0.00316 
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PART  m. 
Discussion. 

The  composition  of  the  colored  ions  has  been  definitely  established  in 
Part  I.  Comparison  with  Table  I  shows  that  they  are  to  be  identified 
with  the  three  quinoid  ions  there  given,  and  since  they  are  in  rapid  tau- 
tomeric equilibrium  with  three  of  the  benzoid  ions  the  concentrations 
given  in  Table  IX  are  the  sum  of  the  concentrations  of  the  two  tautomers» 
and  there  appears  to  be  no  way  of  ascertaining  the  separate  concentrations. 

The  carbinol  forms,  like  the  benzoid  ions  above,  are  colorless,  hence  the 
measurement  of  their  concentrations  must  of  necessity  be  indirect.    The 

^  7oo  li^  bed  calculated  from  this  intercept  (X  ->  5295)  since  readings  at  the 
shorter  wave  length  (X  «  5025)  were  less  reliable. 

'700  li^  I'c^ii  calculated  using  both  intercepts  (X5295,  X5636). 
•X  -5839. 
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study  by  Hantzsch  and  others  of  the  equilibrium  between  carbinol,  violet 

ion  and  hydroxyl  ion  in  alkaline  solutions,  shows  that  the  concentration 

of  carbinol  becomes  very  small  in  neutral  solution;  it  is  a  fortiori  negligible 

ROH 
in  acidic  solutions.    The  concentration  of  the  ion  ^^      may  be  inferred 

from  the  rates  of  reaction  in  neutral  solution  in  the  two  directions.  The 
rate  of  fading,  Ki,  from  Table  XIII,  is  0.002  min.~^  in  0.004  iV  add  and  is 
prestunably  still  less  in  neutral  solution,  whereas  Biddle^  has  found  the 
rate  of  the  reverse  reaction  in  neutral  solution  too  great  to  measure.  It 
may  therefore  be  concluded  that  at  equilibrium  the  carbinol  ion  concen- 
tration is  certainly  less  than  0.1%  and  probably  less  than  0.01%,  and  when 
the  violet  ion  concentration  is  diminished  by  acidification  will  decrease  in 
the  same  ratio.  From  the  definition  of  Yoq  (see  equation  (10) )  it  follows 
that  (x/too  —  i)/(Y)  is  the  ratio  of  total  carbinol  concentration  to  the 
concentration  of  yellow  ion  (plus  its  tautometer) ;  the  values  of  this  ratio 
are  given  in  Table  XIV. 

Tablb  XIV. 

Color  of  Boltttion.  (HCl)  (Y)  (I/too— 1)/(Y)  Ki/(Y) 

Violet-blue 0.004  N,  o.oii  18  [o.  184] 

Blue 0.016  o.osK)  25.8  0.081 

Blue-green 0.040  0.298  34.6  0.060 

Yellow-green 0.20  0.690  41.6  0.097 

Green-yellow i.oo  0.685  32.3  0.112 

The  ratio  will  be  seen  to  be  fairly  constant,  increasing  slightly*  with  increase 

in  acid   concentration.    This  is  evidence  that  the  carbinol  H+ROH  is 

the  principal  colorless  form  in  strongly  acidic  solutions.  As  for  the  com- 
pound H+ROH  we  know  only  that  its  concentration  at  equilibrium  is 

H+ 
never  large,  although  it  may  constitute,  in  some  solutions,  a  large  part  of 
the  total  carbinol. 

It  is  also  possible  to  draw  some  conclusions  as  to  the  rates  of  the  various 
reactions.  The  reaction  ROH  — ►  R+  +  OH"  is  very  rapid,  as  has  been 
mentioned  above;  the  reverse  reaction  takes  place  rapidly  is  strong  alkaK. 
The  observation  of  Biddle^  that  the  rate  of  development  of  color  in  solu- 
tions of  the  carbinol  between  neutrality  and  o.oi  N  add  is  given  by  the 
formula  A  +  B/(ZH)*  indicates  that  the  reaction  proceeds  at  a  rate.  A, 
miaffected  by  the  acid  concentration,  increased  by  a  rate  B/(2H)H*  where 

1  Loc,  ciL 

'  If  any  importance  is  to  be  attached  to  this  increase  it  is  evidence  that  com- 

H+ 
pounds  exist  containing  more  H"^  than  the  carbinol  H~^ROH. 

.         H+ 
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(2H)  is  the  add  concentration.  The  second  term  is  to  be  attributed  to 
the  reaction  ROH  — >  R"*"  +  OH" ;  for  the  formula  holds  in  a  region 
where  the  rate  of  reaction  due  to  the  carbinol  is  considerable,  and  so  must 
be  one  of  the  terms,  and  this  term  must  also  diminish  with  increasing  con- 
centration of  hydrogen  ion  since  the  carbinol  concentration  does  so.  Then 
the  first  term  in  the  formula  must  be  identified  with  the  rate  of  the  reaction 
H+ROH  — >-  H+R+  +  0H-,  in  order  to  account  for  the  presence  of  the 

H+  H+ 

inverse  square  of  the  acid  concentration  in  the  second  term.  It  is  also 
necessary  that  the  ion  H+ROH  constitute  the  largest  part  of  the  total 

H+ 
carbinol  concentration,  for  otherwise  the  first  term  would  also  be  a  fimc- 
tion  of  the  acid  concentration.  Since  the  rate  of  the  reverse  reaction,  Ki 
(see  Table  XIII)  continues  to  increase  after  the  concentration  of  green, 
and  therefore  of  H'^ROH,  has  reached  a  maximum  it  must  be  concluded 
H+ 

H+  H+ 

that  the  reaction  H+ROH  — >  H+R+  +  OH-   is  also  taking  place. 

H+  H+ 

The  last  column  of  Table  XIV  gives  the  ratio  of  Ki  to  the  concentration 
of  yellow.    The  approximate  constancy  of  this  ratio  shows  that  the  reaction 

H+  H+ 

H+R+  +  OH-  -^  H+ROH    (or    the  equivalent    H+R+  +  H,0  — ► 

H+  H+  H+ 

H+ 
H+ROH)  is  the  principal  one  taking  place  in  acidic  solutions. 

H+ 
In  conclusion,  a  few  words  as  to  the  relation  between  the  color  and  con- 
stitution of  crystal-violet  will  not  be  out  of  place.  From  the  electromag- 
netic theory,  absorption  of  light  can  result  only  from  the  sympathetic 
vibration  of  charged  particles.  These  particles  may  be  either  electrons 
or  ions,  and  the  study  of  the  ultraviolet  and  infra-red  absorptions  of  such 
substances  as  quartz,  rock  salt,  water  and  carbon  dioxide,  has  shown  that 
resonance  periods  in  the  former  region  are  in  general  due  to  electrons,  in 
the  latter  to  charged  radicals.  Resonance  periods  in  the  visible  spectrum 
may  therefore  be  due  either  to  ions  vibrating  at  a  frequency  unusually 
high  or  to  electrons  of  imusually  low  frequency.  The  latter  condition 
might  be  expected  in  an  ion  in  which  tautomeric  shift  would  involve  the 
virtual  passage  of  an  electron  from  one  end  of  the  ionic  structure  to  the 
other.    Thus  phenolphthalein,  which  Wegscheider^  and  Rosenstein^  have 

^  R.  Wegscheider,  Z.  Electrochem,,  24,  510  (1908}. 

'  L.  Rosenstein,  Tms  Journal,  34,  11 17  (1912);  L.  Rosenstein  and  E.  Q.  Adams. 
IM.,  35i  1883  (1913). 
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shown  to  assume  color  only  when  the  dibasic  ion  is  formed,  has  then  the 
structure 

0— <^     /-^^=^     y^=^    which  can  become    0=^     /^^"x     X~^* 


V 


by  the  type  of  transformation  just  mentioned.  Continuous  alternation 
between  the  two  forms  is  equivalent  to  the  oscillation  of  a  single  electron 
between  the  positions.  The  frequency  of  such  an  oscillation  might  be 
expected  to  be  less  than  that  of  an  electron  limited  in  its  motion  to  the  di- 
mensions of  a  single  atom,  and  therefore  to  give  an  absorption  band  in 

the  visible  rather  than  in  the  ultraviolet.    In  the  case  of  crystal-violet  a 

+  + 

similar  relation  exists  between  the  ions  R,  +R  and  R,  and  between  R  and 

+  H+ 

+R,  and  both  these  forms,  as  has  been  experimentally  shown,  have  great 

H+ 
absorbing  power.    The  much  weaker  color  of  the  yellow  ion  can  be  ac- 
counted for  by  its  quinoid  structure,  which  is  capable  of  producing  a  yellow 
color  even  where  no  electronic  shift  beyond  a  single  benzene  ring  seems 
possible. 

Rosaniline  and  para-rosaniline  give  ions  which  are  similar  to  those  of 
crystal-violet  and  may  be  represented  by  the  same  symbols.  It  is  there- 
fore to  be  expected  that  the  rosanilines  would  have  the  same  number  of 
absorption  bands  as  crystal- violet  and  the  relative  position  of  the  three  is 
indeed  found  to  be  the  same.  The  first  two  absorption  bands  are,  however, 
much  closer  together,  so  that  on  casual  observation  the  first  two  colors 
are  hardly  distinguishable.     In  the  case  of  malachite  green  (which  has  two 

amine  nitrogens)  only  the  ions  R  and  +R  are  related  as  indicated  above; 
it  therefore  should  have  only  the  two  last  colors  of  crystal- violet,  and  such 
is  again  the  case.  The  interesting  and  important  problem  remains  to 
apply  similar  considerations  to  other  derivatives  of  triphenyl  methane  and 
related  substances. 

BSKKSLSY.  CaL. 
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the  derivatives  of  iodoanil,  which  was  taken  up  by  one  of  us  (B.)  at  the 
suggestion  of  Professor  H.  A.  Torrey  in  continuation  of  his  work  with 
Hunter.^  After  the  preparation  of  the  diiododimethoxyquinone,  diiodo- 
diethoxyquinone  and  silver  iodoanilate,  Professor  Torrey's  lamented 
death  made  a  new  arrangement  necessary,  and  accordingly  the  rest  of 
the  work  has  been  carried  on  by  us  together. 

We  have  already  described*  the  most  striking  cases  in  which  iodoanil 
behaves  differently  from  chloro-  or  bromoanil.  The  substances  described 
in  this  paper  show  a  surprising  resemblance  to  the  corresponding  chlorine 
or  bromine  compounds;  the  color,  for  instance,  is  essentially  the  same,  al- 
though, in  other  cases,  iodine  has  shown  a  marked  tendency  to  deepen 
color,  and  no  qualitative  difference  was  observed  in  the  solubilities.  Tor- 
rey and  Hunter^  found,  with  the  dihalogendiphenoacyquinones,  that  the 
melting  point  of  the  bromine  compound  lay  half  way  between  those  ci 
the  chlorine  and  iodine  compounds,  and  that  the  same  was  true  of  the 
cresoxy  derivatives.  In  the  hope  of  finding  similar  regularities,  we  have 
prepared  several  series  of  dihalogenquinones,  the  melting  points  of  which 
are  given  below: 

CcICs(CHiO)iOi.  C«Xs(CtH«0)iOi.  CcICs(CtBiO)iOi. 

CI  141-2  ••  104-5  ••  14a  •• 

Br  175*"*  139  ••  146' 

I  196*^  i86*  i6o* 

COCt(CiH«0^iOi.  CiXt(CH(COOCdii>^tOi; 

CI  182.5**'  133  **• 

Br  205*  109** 

I  207  **  138  • 

The  only  approach  to  regularity  in  these  melting  points  is  found  in  the 
alkyloxy  compounds,  and  here  the  differences  from  the  expected  melting 
points  (+7**  and  — s^)  are  too  great  for  us  to  admit  the  existence  of  sudi 
a  regularity.  In  the  dimalonic  ester  quinones,  the  melting  point  of  the 
bromine  compound  is  even  lower  than  that  of  the  chlorine  derivative. 
These  data,  therefore,  indicate  that  the  relation  of  the  melting  points  ob- 
served by  Torrey  and  Hunter  is  a  special  case  and  not  part  of  a  general 
law  applying  to  all  quinones  containing  halogens. 

The  derivatives  mentioned  above,  with  the  exception  of  the  diaceto 
cotnpotmds,  were  made  by  the  action  of  the  reagent  on  the  diiododiphen- 

^  This  Journal,  349  702  (1912). 

*  "Octoiodoquinbydrone/'  This  Joumnal,,  36,  301    (1914);  "Action  of  Alkaline 
Hydroxides  on  Iodoanil,"  This  Journal,  36,  551  (1914). 

*  Kehrmann,  /.  prakt.  Chem.,  40,  365  (1889). 
<  WUl,  Ber.,  ax,  608  (1888). 

*  Bentley,  Am.  Chem.  J.,  20,  479  (1898). 

*  Jackson,  Oenslager,  Ibid.,  x8,  12  (1896). 
'  Nef,  /.  prakt.  Chem.,  42,  170  (1890). 

*  Stieglitz,  Am.  Chem.  /.,  13,  38  (1891). 
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azyquinone,  since  we  found,  as  with  the  chlorine  derivatives,^  that  in  this 
case  the  reaction  ran  smoothly  with  an  almost  quantitative  yield,  whereas, 
if  the  reagent  acted  directly  on  the  iodoanil,  the  yields  were  small  and  the 
product  hard  to  purify.  The  diiododianilinoquinone,  melting  with  de- 
composition at  340^  (uncor.))  and  the  diiododi-p-toluidinoquinone  de- 
composing at  205^  (uncor.)  were  also  prepared  in  this  way.  In  making 
the  dimethoxy-  and  diethoxy-compounds  the  first  products  were  the  cor- 
responding diiododialkyloxyquinone  hemiacetals,  which  dropped  into 
the  quinones,  when  heated  for  a  short  time  with  acetic  anhydride.  This 
is  worth  noting,  since  the  dichlorodimethoxy-p-quinone  dimethylfaemi- 
acetal  is  decomposed  in  the  same  way,^  indicating  that  the  hemiacetals 
of  the  para  series  are  less  stable  than  those  derived  from  the  o^quinones, 
wUdi,  to  judge  from  four  examples,  are  not  decomposed  by  acetic  anhy- 
dride; but  give  acetyl  derivatives,  if  monohemiacetids,^  or  show  no  action 
in  the  case  of  the  one  dihemiacetal'  we  can  fiind. 

In  making  the  benzylozy  compound,  alcohol  must  be  carefully  excluded. 
On  one  occasion,  when  dried  but  unwashed  ether  was  used  as  the  diluent, 
the  product  was  exdusively  the  ethyl  compound;  and  that  it  is  equally 
susceptible  to  the  action  of  water  is  shown  by  the  formation  of  sodium 
iodoanilate  as  a  secondaiy  product,  when  the  substance  was  prepared  with 
sodium,  benzyl  alcohol,  and  dry  benzene,  as  we  can  fund  no  source  for  this 
except  the  atmospheric  moisture  absorbed  through  the  return  condenser 
during  the  2  hours'  boiling. 

The  silver  salt  of  iodoanilic  add  is  interesting,  because  it  is  insoluble 
indilutenitricadd,  orevenin  cold,  strong  nitric  add,  which,  however,  if 
hot,  decomposes  it,  forming  silver  iodide;. 

As  with  other  quinones,  phenylhydrazine  acted  as  an  excellent  redudng^ 
Bgsat.  In  this  way  we  prepared  diiododiphenoxyhydroquinone  melt- 
ing with  decomposition  at  260^  (uncor.),  tetraiodohydroquinone  melt- 
ing with  decomposition  at  258^  (uncor.).  and  dibromohydroquinonedi- 
malonic  ester  mdting  at  183^  (uncor.).  From  the  tetraiodohydroquinone 
the  diaoetate  was  made  with  acetic  anhydride,  which  begins  to  decom- 
pose at  270®,  and  mdts  at  285  *  (uncor.),  a  behavior  we  did  not  expect  from 
a  diaceto  compound.  The  same  product  was  obtained  from  iodoanil  and ' 
acetic  anhydride,  if  the  action  was  helped  by  a  few  drops  of  strong  sulfuric 
add.  Sudi  a  reaction  seems  to  be  a  general  one  for  the  p-quinones,  as 
aoetohydroquinones  have  been  obtained  by  Sarauw^  with  quinone  and 
acetic  anhydride  at  260^,  or  according  to  Buschka*  by  boiling  the  two 
>  Jackson,  Grindley,  Am.  Chem.  J.,  27,  579  (1895). 

*Jackaon,  MacLaurin,  Am.  Chem.  J.,  38,  144  (1907);  Jackson,  Flint,  Ibid.,  39,. 
85;  Jackson,  P.  S.  Carlcton.  Ibid.,  39,  493  (1908). 

•  Jackson.  MacLaurin.  Ibid.,  38,  157  (1907). 
*Ann,,  209, 1^9  (i88x). 

•  Ber„  I4«  1327  (188O. 
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substances  with  sodium  acetate,  apd  by  Graebe/  when  acetyl  chloride 
acted  on  chloroanil. 

When  the  diiododianilinoquinone  was  heated  with  nitrobenzene,  the 
flask  was  soon  filled  with  vapors  of  iodine,  and  the  only  product  we  suc- 
ceeded in  isolating  from  the  liquid  was  a  small  quantity  of  dianilinoqui- 
none.  We  can  give  no  explanation  of  this  curious  reaction.  If  aniline 
was  used  instead  of  nitrobenzene,  a  considerable  yield  of  dianilinoquinone 
was  obtained,  as  was  to  be  expected.  This  reaction  had  been  aheady  ob- 
served by  Torrey  and  Hunter,^  when  they  caused  an  excess  of  aniline  to 
act  on  diiododiphenoxyquinone. 

The  diiododiaminoquinone  decomposing  at  230^  (uncor.)  was  made 
by  the  action  of  alcdliolic  ammonia  on  iodoanil.  The  effect  of  the  qumone 
oxygen  and  the  iodine  on  the  amino  groups  is  so  pronounced  that  it  forms 
salts  with  sodium  hydroxide  but  not  with  dilute  acids. 

The  three  dihalogenoquinonedimalonic  esters  resemble  each  other  closely, 
all  are  yellow,  and  fofm  intensely  blue  sodium  salts  soluble  in  water. 
Our  attempts  to  saponify  them  failed,  because  they  are  so  easily  carbon- 
ized. Much  time  was  devoted  to  the  study  of  the  decomposition  of  the 
^bdium  salt  by  cold  water,  but  the  amorphous  product  was  so  unmanage- 
dlAe  thdt  no  results  worth  publishing  were  obtained.  When  the  dibrom6- 
quinonedimalonic  ester  was  treated  with  bromine  and  alcohol,  a  new  sub- 
stance, melting  at  172°  (uncor.),  was  formed  which  can  hardly  have  any 
formula  except  C6Br2(CBr(COOC«H6)2)i02,  and  is  therefore  dibromoqiii- 
iionedlbroxiiomalohic  ester.  This  view  of  its  constitution  was  confirmed 
fly  the  ease  with  which  the  second  atoms  of  bromine  were  replaced  by 
hydrogen,  the  change  being  brought  about  by  longer  boiling  with  alcohol 
^d  bromine,  a  reaction  we  think  perhaps  analogous  to  the  reduction  of 
icidb  compounds  by  hydriodic  add,  and  also  by  aniline,  which  at  the  same 
time  seemed  to  replace  the  ring  bromine  atoms  by  anilino  groups.  Sodium 
hydroxide,  or  similar  reagents,  gave  a  reddish  brown  solution,  from  whiA 
no  definite  compound  was  obtained. 

An  experiment  on  the  action  of  chloride  of  iodine  on  quinone,  instead  of 
the  expected  iodo  compound,  gave  dichloroquinone,  a  curious  result  in 
view  of  the  fact  that  the  chloride  of  iodine  introduces  iodine  into  a  great 
variety  of  substances,  such  as,  for  instance,  resorcinol,'  catechol,*  phenol,* 
and  aniline.® 

^     ^  Ann.,  146,  12  (i868). 

*  T^His  JouRNAi,,  34,  702  (19 1 2). 

'  Michael,  Norton,  Ber.,  9,  1752  (1876). 

*  Jackson  and  Boswell,  i4m.  Chem.  J.,  35,  520  (1905). 

*  Schutzenberger,  Jahresb.,  1865,  524;  Lepetit,  Gazz.  chim.  ital.,  ao,  105  (1890). 

*  Stenhouse,  Ann.,  134,  213  (1865);  Michael  and  Norton,  Ber.,  11,  iii  (1878). 
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Ezperimental. 

The  iodoanil  was  prepared  by  the  method  akeady  described.*  To 
convert  it  into  diiododiphenoxyquinone  20  g.  were  treated  with  the  sodium 
phenolate  made  by  adding  6 . 2  g.  of  phenol  to  2 . 6  g.  of  sodium  h3rdroxide 
dissolved  in  50  cc.  of  water.  After  warming  for  half  an  hour  the  product 
was  crystallized  once  from  toluene,  which  ptuified  it  sufficiently  for  our 
purposes. 

Diiododiphenoxyhydroquinone,  C6lj(OC5H6)2(OH)2. — Phenylhydrazine 
was  added  drop  by  drop  to  2  g.  of  diiododiphenoxyquinone  suspended 
in  hot  glacial  acetic  add,  until  no  more  nitrogen  was  evolved.  The  white 
product  was  oystallized  from  benzene  or  toluene,  tmtil  it  showed  the  con- 
stant melting  point  260^  (uncor.). 
Subs.  0.2370;  Agl,  0.2016. 
Calc.  for  C«Is(OC«H»)s(OH)s:  I,  46.51;  found:  I.  45.98. 

Properties. — Small,  white  needles  from  benzene  sintering  at  255  °,  melt- 
ing fully  at  260^  (tmcor.).  It  is  slightly  soluble  in  cold  chloroform,  ace- 
tone, ether,  ethyl  acetate,  glacial  acetic  acid,  nitrobenzene,  or  aniline; 
essentially  insoluble  in  cold  carbon  tetrachloride,  benzene,  toluene,  or 
naphtha;  freely  soluble  in  any  of  these  solvents  if  heated.  Benzene  or 
toluene  is  the  best  solvent  for  it.  Sodium  hydroxide  gives  a  colorless 
solution  with  it,  from  which  an  acid  throws  down  the  tmaltered  substance. 

Diiododimethoxyquinone,  C6li(OCH«)202. — ^Torrey  and  Hunter's*  di- 
iododimethoxyquinone  dimethylhemiacetal  (prepared  from  diiododi- 
phenoxyquinone and  sodium  methylate)  was  warmed  a  few  minutes  with 
a  little  acetic  anhydride.  On  cooling,  bright  red  needles  were  deported, 
which,  after  drying  on  a  porous  plate,  were  crystallized  from  methyl  alcohol 
until  they  showed  the  constant  melting  point  196®  (uncor.). 
Subs.  0.2524, 0.1670;  Agl,  0.2834,  0.1874. 
Calc.  for  C«Is(OCHs)iOt:  I,  60.47;  found:  I,  60.68,  60.64. 

Properties, — ^It  crystallizes  in  light  red  needles  melting  at  196°  (uncor.). 
It  is  easily  soluble  in  acetone,  ethyl  acetate,  carbon  tetrachloride,  ben- 
zene, or  toluene;  essentially  insoluble  in  ether,  cold  alcohol,  or  water. 
Methyl  alcohol  is  the  best  solvent  for  it.  Cold  vrater  does  not  attack 
it,  but  when  hot  slowly  converts  it  into  iodoanilic  acid. 

Diiodododiethoxyquinone,  C*l2(OC2H6)202. — ^This  compound  was  prepared 
in  the  same  way  as  the  dimethoxy  compound.    It  was  crystallized  from 
alcohol  till  it  melted  constant  at  186^  (uncor.). 
Subs.  0.2476,  0.19 12;  Agl,  0.2602,  0.1998. 
Calc.  for  CfIi(OCtHi)Oi;  I,  56.69;  found,  I,  56.79.  5650. 

Properties. — It  crystallizes  in  orange  red  needles  melting  at  186^  (un- 
cor.).   Its  solubilities  are  essentially  the  same  as  those  of  the  dimethyl 

*  This  Journal,  36, 305  (1914). 

•  Ilrid,,  34,  702  (19"). 
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compound.    Hot  water  converts  it  slowty,  sodium  hydroxide  imme- 
diately, into  iodoanilic  add. 

.  The  diiododiethoxyquinone  was  also  formed  in  an  attempt  to  make 
the  benzyl  derivative  by  the  action  of  diiododiphenoxyquinone  with  sodium 
benzylate  made  by  treating  benzyl  alcohol  dissolved  in  ether  with  sodium. 
The  ether  had  been  dried,  but  not  washed  before  dr3dng,  and  the  small 
amount  of  alcohol  it  contained  was  enough  to  convert  the  whole  product 
into  diiododiethoicyquinone,  m.  i86®  (uncor.). 

Calc.  for  CJ,(OCjHi)tOt:  I,  5669;  found:  I,  56.95,  56.40. 
Diiododibenzyloxyquinoney  CfIt(OC7H7)a02. — ^Two  grams  of  diiododi- 
phenoxyquinone were  treated  with  the  sodium  benzylate  (made  by  adding 
0.4  g.  of  sodium  to  4  cc.  of  benzyl  alcohol  dissolved  in  50  cc.  of  dry  ben- 
zene; see  the  preceding  paragraph).  After  heating  under  a  return  con- 
denser for  2  hrs.  a  red  solution  was  obtained  mixed  with  a  dark  green  solid, 
which  we  supposed  to  be  principally  sodium  iodoanilate,  because  it  dis- 
solved in  water  with  the  characteristic  dark  piurple  color.  The  residue 
from  the  spontaneous  evaporation  of  the  benzene  solution  was  freed  from 
.benzyl  alcohol  by  washing  with  a  little  alcohol,  and  crystallized  from  a 
mixture  of  benzene  and  naphtha  until  it  showed  the  constant  m.  p.  160^ 
(uncor.). 

Subs.  0.1726,  0.2317;  Agl,  0.1430, 0.1901. 

Calc.  for  CJiCOCtHOjOi:  I.  44.40;  found:  I,  44.78.  44.33. 

Properties  of  Diiododibenzyloxyquinone. — It  crystallizes  in  orange-red 
.oblong  plates  melting  at  160®  (uncor.).  There  is  no  qualitative  differ- 
ence between  its  solubilities  and  those  of  the  dimethyl  con:^)otmd.  The 
(best  solvent  for  it  is  naphtha  containing  a  little  benzene.  Warming  with 
water  slowly  converts  it  into  iodoanilic  acid. 

Dibromodibemyloxyquinone,  C6Br2(OC7H7)20j. — ^Two  grams  of  dibromo- 
diphenoxyquinone  were  treated  with  the  sodium  benzylate  (made  from 
0.4  g.  of  sodium,  4  cp.  of  benzyl  alcohol  and  100  cc.  of  ether  washed  till 
free  from  alcohol  and  carefully  dried).  After  heating  under  a  return  con- 
denser for  an  hour  the  green  solid  was  filtered  out.  It  dissolved  in  water 
.with  the  dark  piuple  color  characteristic  of  sodium  bromoanilate.  The 
ether  was  allowed  to  evaporate  spontaneously  from  the  filtrate  and  the 
,  residue,  freed  from  benzyl  alcohol  by  washing  with  alcohol,  was  crystal- 
,^d  from  naphtha  till  it  showed  the  constant  m.  p.  146*^  (uncor.). 
Calc.  for  C#Br,(OC7HT)iOf:  Br,  3344;  found:  Br,  33.23. 

Properties, — It  forms  orange-red  plates,  which  melt  at  146°  (uncor.). 
Its  solubilities  do  not  differ  qualitatively  from  those  of  the  corresponding 
iodo  compound,  and  like  that  it  is  saponified  slowly  by  hot  water,  although 
:  unaffected  in  the  cold. 

Dibromodiacetoxyquinoney    C«Br2(C2H302)202. — ^The    bromoanilic    add, 
from  which  this  was  prepared,  was  made  by  adding  to  20  g.  of  bromoanil  8  g. 
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of  sodium  hydroxide  dissolved  in  125  cc.  of  water,  when,  in  a  short  time, 
the  sodium  salt  separated  from  the  solution,  and  after  dissolving  it  in  the 
least  possible  quantity  of  water,  the  bromoanilic  add  was  set  free  and 
precipitated  by  an  excess  of  gaseous  hydrochloric  add.  Eight  grams  of 
the  add  were  heated  with  3  g.  of  acetic  anhydride,  imtil  a  deep  red  solu- 
tion was  formed,  which,  on  cooling,  deposited  yellow  crystals.  These 
were  washed  free  of  acetic  anhydride  with  dilule  alcohol,  which,  however, 
saponified  a  Uttle  of  the  substance,  and  then  crystallized  from  carbon  tetra- 
diloride,  till  it  showed  the  constant  m.  p.  205°  (uncor.). 

Subs.  0.2338,  0.1881;  AgBr,  0.3212,  0.1870. 

Calc.  for  C«Brt(CsHa02)i08:  Br,  41.88;  found:  Br,  42.07,  43.31. 

Properties, — It  crystallizes  in  long,  yellow,  oblong  plates,  which  mdt  at 
205^  (uncor.).  It  is  soluble  in  alcohol,  acetone,  ethyl  acetate,  glacial 
acetic  add,  benzene,  or  toluene;  essentially  insoluble  in  cold  ether  or  naph- 
tha. The  best  solvent  for  it  is  tetrachloride  of  carbon.  It  is  slowly  con- 
verted into  bromoanilic  add  by  cold  water,  quickly  by  hot  water  or  sodium 
hydroxide.  Its  properties,  therefore,  are  analogous  in  every  respect  to 
those  of  diiododiacetoxyquinone,  which  has  been  described  in  an  earlier 
paper.  ^ 

Silver  lodoanilate,  C6l2(OAg)jOa. — A  slight  excess  of  silver  nitrate  was 
added  to  a  dilute  solution  of  iodoanilic  add  and  the  red  predpitate  washed 
till  free  from  silver  nitrate,  dried,  and  warmed  with  alcohol  and  benzene 
when  it  was  dried  at  100®.  It  was  analyzed  by  heating  it  with  fuming 
nitric  add. 

Calc.  for  CfIt(OAg)tOi:  Ag,  35  65;  found:  Ag,  35*34. 

Properties. — It  is  a  dark  red  amorphous  substance  insoluble  in  organic 
solvents  and  dilute  acids.  Even  strong  nitric  add  has  no  action  on  it 
in  the  cold,  but  on  warming  decomposes  it  with  formation  of  silver  iodide. 

Diiododiaminoquinone,  C«Ii(NH2)jOj. — ^Two  g.  of  iodoanil  were  heated 
with  an  excess  of  alcoholic  ammonia,  and  the  deep  purple  product  washed 
first  with  alcoholic  ammonia,  later  with  alcohol,  after  which  it  was  sus- 
pended in  a  Uttle  alcohol,  brought  into  solution  with  a  few  drops  of  sodium 
hydroxide,  and  repredpitated  with  dilute  acid.  After  this  treatment 
had  been  repeated  seveial  times,  it  was  dried  for  analysis. 
Subs.  0.1994, 0.1806;  Agl,  0.2400,  0.2198. 
Calc.  for  C«Ij(NHj)«Oi:  I,  65.12;  found:  I,  65.04,  65.79. 

Properties, — ^A  brown  amorphous  soUd  mdting  at  230®  (uncor.)  with 
evolution  of  vapors  of  iodine.  It  is  insoluble  in  alcohol,  acetone,  tetra- 
chloride of  carbon,  gladal  acetic  acid,  benzene,  or  toluene.  A  cold  solu- 
tion of  sodium  hydroxide  dissolves  it,  but  it  is  reprecipitated  by  dilute 
acids.  When  warmed  with  sodium  hydroxide,  a  small  amount  of  iodo- 
anilic add  is  formed. 

»  This  Journal,  36,  560  (1914)- 
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Diiododianilinoquinone,  C«l2(C«H6NH)j02. — ^Two  grams  of  diiododi- 
phenoxyquinone  were  heated  with  a  little  more  than  two  molecttles  of 
aniline  and  alcohol,  until  dark  purple  needles  were  fomed,  which  were 
washed  with  alcohol,  and  crystallized  3  times  from  toluene.    / 

Subs.  0.2347;  Agl.  0.2042. 

Calc.  for  C«Ii(CiH6NH),0,:  I,  46.86;  found:  I,  4702. 

Properties, — Short,  dark  purple  needles,  which  begin  to  decompose  at 
220°,  and  melt  at  240^  (uncor.).  If  heated  with  aniline,  it  forms  dianilino- 
quinone,  which  was  recognized  by  the  absence  of  halogen,  and  the  charac- 
teristic carmine  solution  formed  with  strong  sulfuric  acid.  When  heated 
with  nitrobenzene  the  diiododianilinoquinone  gives  o£f  violet  vapors  of 
iodine,  which  fill  the  upper  part  of  the  flask  in  a  short  time.  A  small 
quantity  of  dianilinoquinone  was  isolated  from  the  product,  but  no  other 
definite  compound  could  be  obtained. 

Diiododi'p'toluidinoquinone,  C6lj(C7H7NH)202. — ^This  substance  was 
prepared  like  the  preceding  and  purified  by  washing  with  benzene,  alco- 
hol and  finally  with  ether. 

Calc.  for  C«It(C7HTNH)iOj:  I,  44.55;  found:  I,  44.87. 

Properties, — It  appears  in  dark  piuple  oblong  plates  with  a  metallic 
reflex,  which  decompose  at  205®,  ttuning  black  and  giving  off  vapors  of 
iodine.  Soluble  in  nitrobenzene;  essentially  insoluble  in  alcohol,  ether, 
acetone,  chloroform,  tetrachloride  of  carbon,  glacial  acetic  add,  benzene, 
or  toluene. 

Diiodoquinanedimalonic  Ester,  C«l2(CH(COOC2H5)j)202. — ^Two  grams 
of  diiododiphenoxy quinone  suspended  in  15  cc.  of  absolute  alcoh<rf 
were  treated  with  the  sodium  malonic  ester  (made  by  adding  0.3  g.  of 
sodium  to  20  cc.  of  absolute  alcohol,  and  after  the  sodium  had  disappeared, 
pouring  in  4  g.  of  malonic  ester).  The  greenish  black  solution,  after  stand- 
ing at  ordinary  temperattu-es  for  12  hrs.,  had  deposited  a  blue  precipitate 
of  the  sodium  salt,  which  was  washed  with  alcohol,  in  which  it  is  not 
very  soluble,  and  then  dissolved  in  water.  Upon  adding  dilute  acid  to 
the  blue  solution,  a  yellow  precipitate  was  formed,  which  was  crystallized 
from  56%  alcohol  until  it  showed  the  constant  m.  p.  138®  (uncor.). 
Subs.  0.2377;  Agl,  0.1629. 
Calc.  for  C«I,(CH(COOC2H6),)«0,:  I,  3758;  found:  I,  3704. 

The  same  compound,  to  judge  from  its  color  and  that  of  its  salt,  was 
formed  when  iodoanil  was  treated  with  sodium  malonic  ester,  but  the  yield 
was  small,  and  the  purification  much  more  difficult  than  when  the  di- 
phenoxy  compound  was  used.  In  this  respect,  the  iodine  compotmds 
resembled  the  corresponding  chlorine  compounds.* 

Properties  of  Diiodoquinanedimalonic  Ester, — It  crystallizes  from  dilute 
alcohol  in  yellow  fern-shaped  forms  and  melts  at  138^  (uncor.).  It  is 
*  Jackson,  Grindley,  Am.  Chem.  /.,  17,  579  (1895). 
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soluble  in  alcohol,  ether,  acetone,  tetrachloride  of  carbon,  glacial  acetic 
add,  benzene,  or  toluene.  The  best  solvent  for  it  is  50%  alcohol.  A 
dilute  solution  of  sodium  hydroxide  forms  with  it  a  dark  blue  solution  of 
the  sodium  salt,  which  has  an  intense  blue  color,  and  is  very  soluble  in 
water,  very  slightly  in  alcohol,  and  insoluble  in  most  of  the  other  organic 
solvents.  Attempts  to  saponify  the  ester  led  to  no  definite  result,  as  it 
was  carbonized  by  either  sulfiuic  or  hydrochloric  acid,  as  soon  as  the  acid 
was  made  strong  enough  to  have  any  action. 

Dibromoquinonedimalontc  Ester,  C6Brj(CH(COOC«H6)2)202.— The  sodium 
malonic  ester  necessary  for  2  g.  of  the  dibromodiphenoxyquinone  was  made 
by  treating  loo  cc.  of  absolute  alcohol  with  0.3  g.  of  sodium  and  then  add- 
^Z  3  S'  o^  malonic  ester.  The  largest  yield  was  obtained  by  adding  the 
dibromodiphenoxyquinone  in  small  quantities  at  a  time,  and  shaking 
vigorously  after  each  addition.  The  liquid  turned  bluish  green,  and, 
after  standing  for  6  hrs.,  the  blue  precipitate  of  the  salt  was  washed  with 
alcohol,  dissolved  in  water,  and,  after  filtering  out  any  tmaltered  diphenoxy 
compoimd,  precipitated  with  dilute  sulfuric  acid.  The  orange-brown 
solution  thus  obtained  usually  threw  down  the  free  substituted  malonic 
ester  after  a  short  time,  but,  if  instead  a  floating  tarry  mass  was  obtained, 
this  solidified  more  slowly  on  standing.  In  either  case  the  product  was 
crystallized  from  50%  alcohol,  until  it  showed  the  constant  m.  p,  109^ 
(uncor.). 

Subs.  0.3046;  AgBr,  0.2003. 

Calc.  for  C»Br,(CH(COOC,Hft),)80,:  Br,  27.49;  found:  Br,  27.98. 

Properties, — It  crystallizes  in  small  yellow  needles,  which  melt  at  109® 
(uncor.).  It  is  easily  soluble  in  alcohol,  ether,  acetone,  chloroform, 
tetrachloride  of  carbon,  carbon  disulfide,  ethyl  acetate,  glacial  acetic 
add,  benzene,  toluene,  or  nitrobenzene.  With  aniline  it  forms  a  dark 
purple  solution,  with  dimethylaniline  a  deep  blue.  Dilute  hydro- 
chloric acid,  or  sulfiuic  acid,  forms  a  dark  brown  product,  which  is  mostly 
carbon;  dilute  nitric  acid  converts  it  into  a  red  oil,  which  does  not  dissolve; 
strong  nitric  acid  dissolves  it,  and  dilution  throws  down  an  orange-brown 
tar,  from  which  we  could  isolate  no  definite  compound;  strong  sulfuric 
acid  dissolves  it  with  a  dark  brown  color,  from  which  water  throws  down 
a  black,  highly  carbonized  precipitate.  All  our  attempts  to  saponify  it 
were  bafSed  by  carbonization. 

Dilute  sodium  hydroxide  gives  a  deep  blue  solution  of  the  sodium  salt, 
which,  in  a  few  minutes,  takes  on  a  dark  reddish  purple  color.  The  addi- 
tion of  an  acid  now  precipitates  a  brown  amorphous  substance,  and  the 
filtrate  gives  a  test  for  bromide  and  for  alcohol.  This  reaction  seemed  to 
^  so  interesting  that  we  spent  a  long  time  in  attempts  to  determine 
its  natiu-e,  but  without  result. 

Dibromohydroquinonedimalonic  Ester,    C6Br2(CH(COOC2H5)2)2(OH)2. — 
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Dibromoquinonedimalonic  ester  dissolved  in  toluene  was  treated  with  a 
few  drops  of  phenylhydrazine.  Nitrogen  was  given  off  and  the  hydro- 
quinone  which  was  deposited  was  washed  with  alcohol  and  crystallized 
from  toluene  until  it  showed  the  constant  m.  p.  183®  (uncor.). 

Calc.  for  C«Br,(CH(COOCiHi),)t(OH),:  Br,  27.39;  found:  Br,  27.05. 

Properties, — It  crystallizes  in  short,  white  prisms,  which  melt  at  183* 
(uncor.).  It  is  soluble  in  alcohol,  ether,  chloroform,  benzene,  nitrobenzene, 
or  aniline;  essentially  insoluble  in  water,  naphtha,  or  glacial  acetic  add. 
Dilute  acids  have  no  action  on  it;  saponification  with  constant  boiling 
hydrobromic  add  gave  a  brown  product,  from  which  we  could  obtain 
nothing  fit  for  analysis.  A  dilute  solution  of  sodium  hydroxide  forms  a 
Ught  green  solution,  which  gradually  changes  to  dark  green,  then  to  pur- 
ple, and  finally  to  a  reddish  piuple.  This  final  solution  is  probably  iden- 
tical with  the  one  obtained,  when  the  solution  of  the  sodium  salt  of  di- 
bromoquinonedimalonic ester  is  allowed  to  stand.  The  reddish  purple 
solution  deposited  a  white  salt,  which  dissolved  in  water  and  gave  a  white 
predpitate  with  an  add.  The  salt  turned  bluish  green  on  expostu^  to 
the  air.     It  was  not  studied  further. 

DibrofnoquinonedibromofHalonic  Ester,  C«Br2(CBr(COOCiH§)2)t08. — One 
gram  of  dibromoquinonedimalonic  ester  dissolved  in  30  cc.  of  alcohol  was 
treated  with  6  to  8  g.  of  bromine  and  the  mixture  heated  for  half  an  hour 
•on  the  water  bath- under  a  rettun  condenser.  The  yellow  needles  which 
formed  slowly  on  cooling,  were  washed  with  a  little  cold  alcohol  and  crys- 
tallized from  hot  alcohol  until  they  showed  the  constant  m.  p.  172^  (un- 
cor.).   They  were  dried  in  vacuo. 

Subs.  0.1796,  0.2636;  AgBr,  0.1808,  0.2636. 

Calc.  for  C«Brj(CBr(COOCfH»)j)fO»:  Br,  4324;  found:  Br,  42.84,  42.56. 

Properties. — It  crystallizes  in  rosets  of  small  yellow  needles,  mdt- 
ing  at  172®  (uncor.),  which  turn  greenish  yellow  when  exposed  to  the  sun- 
Ught.  It  is  soluble  in  acetone,  chloroform,  ethyl  acetate,  carbon  disulfide, 
benzene,  nitrobenzene,  or  aniline;  very  slightly  soluble  in  ether,  tetra- 
chloride of  carbon,  gladal  acetic  add,  naphtha,  toluene,  or  cold  alcohol, 
soluble  in  hot  alcohol,  which  is  the  best  solvent  for  it.  Dilute  sodium 
hydroxide  gave  a  reddish  brown  solution,  from  which  nothing  was  pre- 
dpitated  on  addition  of  an  add;  sodium  ethylate,  potassium  carbonate, 
or  silver  oxide  gave  similar  tmmanageable  results. 

When  the  dibromoquinonedibromomalonic  ester  was  heated  with  alco- 
hol and  bromine  for  half  an  hour,  yellow  needles  separated  on  cooling, 
which  were  recognized  as  dibromoquinonedimalonic  ester  by  the  m.  p. 
108^-109®  (uncor.),  and  the  formation  of  a  dark  blue  solution  with  sodium 
hydroxide.  The  two  atoms  of  bromine  in  the  malonic  ester  groups  may 
have  been  replaced  by  hydrogen  by  the  action  of  hydrobromic  add,  or  of 
the  alcohol,  or  both.     If  the  alcohol  causes  the  reaction,  it  may  eiq>lain 
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the  low  percentages  of  bromine  fotmd  in  the  analyses,  since  the  compotmd 
was  crystallized  from  alcohol. 

When  a  few  drops  of  aniline  were  added  to  some  dibromoquinonedi- 
bromomalonic  ester  dissolved  in  alcohol,  and  the  mixture  heated  for  several 
minutes,  a  purple  substance  was  deposited,  which,  after  washing  with 
alcohol,  melted  at  lys^'-iSo^  (uncor.)  with  such  vigorous  decomposition 
that  it  swelled  to  three  times  its  original  size.  It  is  slightly  soluble  in 
acetone,  chloroform,  ethyl  acetate,  carbon  disulfide,  or  benzene;  essen- 
tially insoluble  in  alcohol,  ether,  tetrachloride  of  carbon,  glacial  acetic  add, 
naphtha,  toluene,  or  nitrobenzene.  It  contains  no  halogen  and  dissolves 
in  sodium  hydroxide  solution,  forming  a  purple  liquid,  from  which  an  acid 
liberates  the  original  substance.  The  two  bromine  atoms  in  the  malonic 
ester  radicals,  therefore,  have  been  replaced  by  hydrogen,  and  the  com* 
pound  is  probably  dianilinoquinonedimalonic  ester,  but,  as  it  lay  outside 
the  immediate  field  of  our  work,  it  was  not  studied  in  detail. 

Tetratcdohydroquinone,  Ccl4(OH)s. — ^Two  grams  of  iodoenil  suspended 
in  35  cc.  of  glacial  acetic  add  were  gently  wanned  and  treated  with 
3  to  5  drops  of  phenylhydrazine,  nitrogen  was  given  off,  and  the  dark 
brownish  purple  color  changed  to  light  brown,  and  the  hot  acetic  add 
soitttion  after  filtration  dqx>sited  cream  colored  crystals.  Both  these 
crystals  and  the  light  brown  residue  from  the  glacial  acetic  add  grew 
daiker  on  crystallization  from  gladal  acetic  add,  undoubtedly  owing  to 
the  formation  of  iodoanil,  so  that  the  first  crystals  were  probably  the 
purest^spedmen  we  obtained. 

Calc.  for  Cj4(OH)s:  I.  82.74;  found:  I,  8341. 

Properties. — It  was  obtained  in  its  preparation  as  cream  colored  crys- 
tals, which  begin  to  decompose  at  238 ^  and  finally  melt  at  258^  (uncor.). 
On  exposure  to  the  air  it  quiddy  turns  brown  from  the  formation  of 
iodoanH.  This  tendency  to  oxidation  is  so  strong  that  it  could  not  be 
purified  by  crystallization  in  the  air.  It  is  soluble  in  ether,  acetone, 
chloroform,  carbon  disulfide,  or  aniline;  nearly  insoluble  in  cold  alcohol, 
ethyl  acetate,  gladal  acetic  add,  naphtha,  benzene,  toluene,  or  nitroben- 
zene, but  dissolves  in  each  of  them,  when  hot,  with  the  exception  of  naph- 
tha. It  dissolves  in  a  boiling  solution  of  sodium  hydroxide,  and  addifica- 
tion  throws  down  a  white  predpitate  of  the  hydroquinone. 

p-Diacetoxytetraiodobenzene,  Csl4(OCiHsO)i.— Two  grams  of  the  tetra- 
iodohydroquinone  were  thoroughly  moistened  with  acetic  anhydride  and 
heated.  In  the  first  20  minutes  little  or  no  action  was  observed,  but  after 
half  an  hour  the  substance  had  gone  into  solution.  By  adding  a  little 
fused  sodium  acetate  the  reaction  can  be  made  to  take  place  in  a  few 
minutes.  The  hot  solution  was  poured  into  water  and  the  acetic  anhy- 
dride destroyed  with  add  sodium  carbonate,  after  which  the  product 
was  crystallized  4  times  from  benzene  and  dried  at  100^. 
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Calc.  for  C«l4(OC2H»0)j:  I,  72.78;  found:  I,  73.". 

Properties, — It  forms  small  white  needles,  which  begin  to  decompose 
about  270*^  and  melt  at  285**  (uncor.).  It  is  slightly  soluble  in  ethyl  ace- 
tate; practically  insoluble  in  cold  alcohol,  ether,  acetone,  chloroform, 
tetrachloride  of  carbon,  glacial  acetic  acid,  naphtha,  benzene,  nitroben- 
zene, or  aniline,  but  soluble  in  each  of  these  solvents,  when  hot,  with  the 
exception  of  alcohol  and  naphtha.  Acids,  or  alkalies,  seem  to  produce 
no  immediate  efiFect  on  it. 

If  iodoanil  was  heated  for  10  or  15  minutes  with  acetic  anhydride,  the 
unaltered  substance  separated  on  cooling,  but,  if  a  few  drops  of  strong 
sulfuric  acid  were  added,  the  same  length  of  heating  produced  a  brown 
solution,  which  gave  a  precipitate  with  water,  that  after  4  crystallizations 
from  benzene  began  to  darken  at  270°  and  melted  at  284°  (uncor.).  It 
was  therefore  the  tetraiodo-/>-diacetoxybenzene. 

Action  of  Chloride  of  Iodine  an  Quinone, — Twenty-five  grams  of  chloride 
of  iodine^  were  passed  into  15  g.  of  quinone  suspended  in  200  cc.  of 
tetrachloride  of  carbon,  and  the  mixture  gently  warmed.  After  the  re- 
action was  complete,  the  precipitate  of  iodine  was  filtered  out,  the 
filtrate  evaporated  to  dryness,  and  after  removing  the  iodine  by  washing 
with  aqueous  potassium  iodide  the  yellow  residfie  crystallized  from 
naphtha,  until  it  showed  the  constant  m.  p.  161^  (uncor.),  which  in- 
dicated that  the  substance  was  dichloroquinone,  an  inference  confixined 
by  the  following  analyses: 

Subs.  0.3284,  0.2167;  AgCl,  0.5288,  0.3494. 

Calc.  for  CsHjCljOi:  CI,  40. 12;  found:  Q,  3981,  39.86. 

Cambrioos.  Mass. 


THE  REACTION  BETWEEN  PHENYL-MAGNESIUM  BROMIDE 

AND  UNSATURATED  COMPOUNDS  THAT  CONTAIN 

A  NUMBER  OF  PHENYL  GROUPS. 

By  Ocrothy  A.  Habn  and  Ruby  Mdulat. 
Received  April  24.  1914. 

A  comparison  of  the  results  obtained  by  treating  highly  phenylated 
compounds  with  the  Grignard  reagent,  shows  that  phenyl  groups,  in  both 
a  and  /3  positions,  to  carbonyl,  effect  a  much  greater  hindrance  to  the  re- 
action than  the  same  number  of  groups  in  the  a  position.  Thus,  no  re- 
action can  be  obtained  by  boiling  tetraphenylpropenone^ 

(C«Hb)«C  =  C(C«H5)C0C«Hs, 
with  phenylmagnesium  bromide,  while  benzpinacoline, 

(CeH5)8C.COC6H6, 
^  Made  according  to  Jackson  and  Bigelow,  Am.  Chem.  /.,  46,  549  (1911). 
*  Am.  Chem.  J.,  38,  5x9  (1907). 
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reacts  fairly  readily  with  the  same  reagent.    A  similar   resistance   has 
been  observed  in  diphenylpropionyl  mesitylene/ 

(C«H6)2CH.CH2COC6H2(CH3)3, 
in  which  the  inactivity  of  the  carbonyl  is  due  to  diorthosubstitution. 

In  order  to  explain  this  difference,  which  is  hardly  in  accord  with  the 
ordinary  conceptions  of  steric  hindrance,  it  is  necessary  to  study  the  re- 
action with  substances  that  contain  other  "negative"  groups  in  the 
place  of  phenyl. 

It  is  extremely  difficult  to  determine  the  structure  of  the  products  that 
are  obtained  by  applying  the  Grignard  reagent  to  such  complex  substances, 
but  the  symmetrical  dibenzoylstilbene, 

C«H6COC(C«H5)  =  C(C<,H5)COCeH6, 
which  has  benzoyl  in  place  of  one  of  the  phenyl  groups  of  tetraphenyl- 
propenone,  offered  some  prospect  of  success.    This  was  the  principal  sub- 
stance used  in  the  following  investigation;  but,  for  the  sake  of  comparison, 
some  experiments  were  made  with  the  simpler  dibenzoyldnnamene, 

CftHsCOCH  =  C(C<,H6)COC.H5. 
We  have  found  that  both  of  these  substances  react  fairly  readily  with 
phenyl-magnesium  bromide.    Abenzoyl  group,  therefore,  does  not  produce 
an  effect  equal  to  that  of  a  phenyl  group. 

The   reaction    between    dibenzoyldnnamene    and   phenyl-magnesium 
bromide  gave  only  two  products:  dibenzoyldiphenyl  ethane  and  lepidene. 
Both  of  these  substances  are  plainly  due  to  1,4-addition. 
CtHfcCOCH  =  C(C«H5)COC6H5  +  CHftMgBr  « 

C«H6COCH(CeH5)C(C«H6)  =  C(C«H6)0MgBr  -^ 

CeHBCOCH(C«H6)C(C6H5)  =  C(C6H6)OH. 
The  enoUc  compound  formed,  by  decomposing  the  magnesium  derivative 
^th  water,  in  part  undergoes  the  usual  rearrangement  to  the  correspond- 
ing ketone,  giving  dibenzoyldiphenylethane  (I), 

C6H5COCH(C.H5)C(C«H5)HCOOjH6; 
and  in  part  undergoes  dehydration,  giving  lepidene  (II)  or  tetraphenyl- 
ftirane. 

Cai»COCH(C«H»)C(CJI0  =  COHCeH*  — ►  C|H»C  —  CC^Hj  +  H,0 

(I)  II         II 

C«H,.C       CC«H» 

\/ 

O    (II) 

The  reaction  with  dibenzoylstilbene  gives  two  closely  related  substances 

of  w-hich  the  structure  is  somewhat  uncertain.    The  empirical  formula 

of  tkke  substances  shows  that  both  are  formed  by  the  interaction  of  one 

molecule  of  ketone  and  one  molecule  of  Grignard's  reagent.    These  two 

*  Am.  Chem.  /.,  38,  519,  555  (1907)- 
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substances  give  identical  products  both  on  reduction  and  on  oxidation. 
The  very  close  relation  existing  between  them,  and  the  nature  of  their 
reduction  and  oxidation  products,  indicate  that  they  are  due  to  1,2-addi- 
tion  of  phenyl-magnesium  bromide  to  the  carbonyl. 

The  two  reactions  possible  between  dibenzoylstilbene  and  phenyl- 
magnesium  bromide  are  represented  by  the  following  equations: 

I.  (1,2-addition): 

C«H5COC(C«H6)  =  C(C«H6)COC«H6  +  CJHsMgBr  = 

C«H5C0C(C«H,)  =  C(C«H5)C(C«H5),OMgBr  — ^ 

CeH5C0C(C«H,)  =  C(C«H»)C0H(CJl4)i 
II.  (1,4-addition): 
CeHsCOCCCeHs)  =  C(C«H»)C0CeH5  +  CeH»MgBr  « 

<C6H6 
— ^  CJH»C0C(C6H.)tC(C«HB)  = 
OMgBr 

<CeH6 
— ^   C«H6COC(CeH5)tC(C«H5)HCOC«H5 
OH 

Of  these  reactions,  the  first  accotmts  for  the  existence  of  two  substances 
of  exactly  the  same  chemical  properties,  by  offering  the  possibility  of 
geometrical  isomerism.  The  two  substances  obtained  by  this  reaction 
cannot  represent  1,2-  and  1,4-addition,  respectively,  since  it  is  impossi- 
ble for  substances  of  the  formula 

(CeH5),COHC(CeH5)  =  C(C«H6)C0QH» 
and 

C«H5C0C(CeH5)|CHC«H6C0C«H6. 

to  give  the  same  reduction  product  by  addition  of  two  hydrogen  atoms 
and  subsequent  loss  of  water. 

The  two  substances  formed  by  the  action  of  dibenzoylstilbene  and  phenyl- 
magnesium  bromide  melt  at  20S  °  and  157 ^,  respectively.  Both  substances, 
on  reduction,  give  a  product  melting  at  185^.  The  analysis  and  molecu- 
lar-weight determinations  of  this  substance  show  that  there  has  been  no 
loss  of  phenyl  groups  during  reduction.  Assuming  that  the  substances 
melting  at  208°  and  157**  are  geometrical  isomers,  and  the  result  of  1,2- 
addition  of  phenyl-magnesium  bromide  to  dibenzoylstilbene,  the  forma- 
tion of  their  common  reduction  product  may  be  represented  by  the  fol- 
lowing equations: 

(CeH6)aCOHC(CcH6)  =  C(C«H6)COCcH»  +  H,  = 

(C«H6)«COHC(C*H0  =  C(C.H»)CHOHOC«H*  — ► 

(C«H,),C.C(C6H6)  =  C(C6H*)CH.CeH,  +  H,0 
I O ' 
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And  if  these  equations  correctly  express  the  course  of  the  reaction,  it 
should  be  possible  to  open  the  ring  by  applying  Grignard's  reagent.  It 
was  found  that  the  reduction  product  melting  at  185  ^  reacted  readily  with 
phenyl-magnesium  bromide.  The  addition  product  was  decomposed 
with  ioe  and  hydrochloric  add,  and  a  crystalline  substance  melting  at 
'  232^  was  separated.  Analysis  showed  it  to  be  less  rich  in  oxygen  than  the 
substance  from  which  it  was  obtained.  Its  composition  may  be  accounted 
for  by  supposing  that  the  opening  of  the  ring  was  attended  by  a  loss  of 
one  molecule  of  water  from  two  molecules  of  condensation  product: 

(CJI,),.C(C«H.)  =  C(C«H5)CHC«H5  +  CUMgBr  = 

• O » 

(C«H6)aC.C(C«H5)  =  C(C«H5)OCHOHC«H5 

2(C«H,)aC.C(CeH*)  «  C(C«H5)CHOHC«H5  — ^ 

[(CJH5),C.C(C6H5)  =  C(C«H5)CH(C«H5)]0  +  H2O 

The  two  substances  formed  by  the  action  of  phenyl-magnesium  bromide 
and  dibenzoylstilbene  give  identical  products  when  oxidized  with  chromic 
oxide  dissolved  in  acetic  add.  The  process  of  oxidation  does  not  always 
take  the  same  course  however,  and  it  was  found  difficult  to  arrange  the 
conditions  so  as  to  control  it.  In  a  series  of  experiments,  the  oxidation 
products  showed  that  the  original  molecule  had  sometimes  been  com- 
pletdy  broken  down,  and  sometimes  only  partially  broken  down  during 
oxidation.  When  the  decomposition  was  complete  the  products  were 
benzoic  add,  benzil  and  benzophenone.  Small  quantities  of  a  fourth  sub- 
stance were  accumulated  as  the  result  of  a  series  of  oxidations.  This  sub- 
stance mdts  at  143^  and  represents  the  incomplete  breaking  down  of  the 
original  molecule  by  oxidation.  Its  constitution  was  arrived  at  by  anal- 
3rsis  and  molecular- weight  determinations  and  by  a  study  of  its  reduction 
product.  The  substance  was  readily  reduced,  and  its  reduction  product, 
mdting  at  135**,  was  identified  as  triphenylvinyl  alcohol.  The  process  of 
oxidation  leading  to  the  formation  of  the  substance  mdting  at  143®  may  be 
represented  by  the  equations: 

(C«H6),COH.C(C«H5)  =  C(C«H5)COC«H5  +  O  = 

(C«H5)2COH.C(C«H5)C(C«H5)COC6Hb 
« — O — I 

(C«H»),COH.C(C6H5).C.(C«H5)COC«H5  +  H^O  -f  O  = 

(C«H5)2COHC(C6H6)COHCeH5  +  C^HrCOOH 

The  reduction  of  this  substance  to  triphenylvinyl  alcohol  may  be  repre- 
sented by  the  equation: 

(CeHB)2COHC(C«HB)COHCeH6  +  2H2  = 

(Q,H6)2CHCOCeHB  +  CeHjCHO  +  2H2O 
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Ftirther  confirmation  of  the  assumption  that  the  substances  melting 
at  208^  and  157°  are  geometrical  isomers  of  the  formula 

(C«H5)2COHC(C«Hb)  «=C(C6H5)C0C6H6, 
is  to  be  found  in  their  behavior  toward  acetic  anhydride.    When  pure  208^ 
or  pure  157^  is  dissolved  in  acetic  anhydride,  an  equilibrium  mixture  is 
obtained  from  which  both  substances  crystallize. 

In  conclusion,  it  will  be  seen,  by  comparing  the  reactions  of  dibenzoyl- 
dnnamene  and  dibenzoylstilbene  with  phenylmagnesium  bromide,  that 
the  introduction  of  a  phenyl  group  in  the  P  position  to  carbonyl,  offers 
resistance  to  1,4-addition.  Thus,  CeHsCOCH  =?  C(C6H6)COC«H8  shows 
1,4-addition  of  phenylmagnesium  bromide  and 

CflH5C0C(C«Hfi)  =  C(C«H6)C0CeHB, 
does  not.  This  is  in  agreement  with  results  obtained  by  Kohler,^  where 
a,/3-triphenyIpropenone,  CaHsCH  =  C(C6H6)COC«Hb,  gave  a  yield  of 
100%  of  a  1,4-addition  product  when  treated  with  phenylmagnesium  bro- 
mide, and  tetraphenylpropenone,  (C«H6)2C  =  C(CeH6)COC«H6,  gave  no 
reaction  when  boiled  with  the  same  reagent. 

The  reactivity  of  the  carbonyl  in  dibenzoylstilbene, 
CeHjCOC  =  CCOCaHs 

I       I 
C«ng    C(Ht 

as  compared  with  its  complete  inactivity  in  tetraphenylpropenone, 

(C«H,)tC  =  C.COCrfl, 

I 
CeHs 

is  ciu"ious.  It  would  seem  as  if  the  reactivity  of  the  carbonyl  group  with 
phenylmagnesium  bromide  were  more  dependent  upon  other  factors 
than  upon  the  presence  of  a  phenyl  group  in  the  a  position. 

Experimental. 
The  condensation  of  dibenzoylcinnamene  with  phenyl-magnesium  bro- 
mine took  place  readily.  The  dibenzoylcinnamene  was  prepared  as  de- 
scribed by  Jopp,  Klingemann*  and  was  added  in  finely  powdered  form 
to  an  ethereal  solution  of  the  magnesium  compound.  Fifteen  parts  by 
weight  of  ketone  were  used  for  every  five  parts  of  magnesium  and  every 
thirty-five  parts  of  phenyl  bromide.  The  ketone  was  added  slowly, 
with  constant  shaking,  and  in  small  portions,  which  were  allowed  to  dis- 
solve completely  before  new  portions  were  added.  When  all  of  the  ketone 
had  been  added,  the  magnesium  compound  was  decomposed  at  once  by 
shaking  with  ice  and  hydrochloric  add,  and  the  ethereal  solution  was  then 
washed  and  dried   over  caldum  chloride.    The  ethereal  solution,   on 

»  Am.  Chem.  J.,  38,  515  (1907). 
«  Trans.  Chem.  Soc.,  57,  673. 
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evaporation,  yielded  a  mixture  of  products  which  were  separated  by  frac- 
tional crystallization  from  acetone.  The  mixture  was  found  to  consist 
of  four  substances,  two  of  these  representing  the  primary  addition  prod- 
ucts of  the  reaction  between  dibenzoyldnnamene  and  phenylmagnesium 
bromide,  and  two  representing  secondary  products  resulting  from  the  oxi- 
dation of  the  primary  products. 

Various  modifications  of  this  method  of  procedure  were  tried  in  attempts 
to  minimize  the  amounts  of  secondary  products.  Glacial  acetic  acid 
was  added  at  once  to  the  dry  ethereal  solution,  and  most  of  the  ether 
evaporated.  The  acetic  acid,  on  cooling,  precipitated  a  white  crystalline 
mass,  which,  when  filtered,  dried,  and  weighed,  was  found  to  represent 
about  90%  of  solid  product.  The  precipitate,  however,  consisted  of  a 
mixture  which  it  was  again  necessary  to  separate  by  fractional  crystalliza- 
tion. The  only  advantage  of  this  method  was  that  the  separation  of 
the  mixture  was  in  this  case  quicker  and  more  complete. 

In  the  separation  of  the  mixtures  obtained  as  the  result  of  this  condensa- 
tion, the  best  method  of  procedure  was  to  digest  first  with  chloroform. 
Repeated  extractions  with  small  quantities  of  chloroform  left  a  white  in- 
soluble residue  which  melted  quite  sharply  and  was  found  to  be  an  almost 
pure  substance.  On  crystallization  from  benzene  this  substance  melted 
at  256^.  The  addition  of  a  very  small  quantity  of  ether  to  the  solution 
of  substances  in  chloroform  caused  the  separation  of  a  second  substance 
in  almost  pure  state.  The  white  crystalline  precipitate  was  filtered  and 
washed  with  ether,  and,  after  crystallization  from  acetic  add,  melted  at 
212-^13^.  'I'he  filtrate  was  then  concentrated  and  hot  alcohol  was  added. 
On  cooling,  glistening  plates  separated.  These,  after  crystallization  from 
acetic  add,  melted  at  175°  and  represented  from  40-60%  of  the  product 
of  the  condensation.  A  fotuth  substance  was  separated  by  concentrating 
the  mother  liquors.  It  was  much  more  soluble  than  the  other  substances 
and  was  present  in  the  mixtures  only  in  very  small  quantities.  After  re- 
crystallization  from  alcohol  it  melted  at  157°. 

An  average  3deld  of  about  50%  of  the  product  melting  at  175°  was  ob- 
tained directly  and  in  almost  pure  condition,  by  adding  gladal  acetic  add 
to  the  magnesitun  addition  product  obtained  in  the  reaction  between 
dibenzoyldnnamene  and  phenylmagnesium  bromide.  The  add  was  added 
quite  slowly  to  the  ethereal  solution  of  the  magnesium  compotmd,  and  the 
heat  of  the  reaction  was  utilized  to  partially  evaporate  the  ether.  A  sub- 
stance separated  on  cooling  which,  after  two  recrystallizations  from  acetic 
acid,  melted  at  175°. 

The  substances  melting  at  175°  and  256®  were  analyzed  and  were  found 
to  be  lepidene  and  dibenzoyldiphenylethane,  respectively.  The  identity 
of  the  lepidene  was  established  by  a  study  of  its  relationships  and  trans- 
formations, and  by  comparison  with  a  spedmen  obtained  by  heating 
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benzoin  and  hydrochloric  add  $attirated  at  8^  in  a  sealed  tube  at  140^.^ 
The  identity  of  dibenzoyldiphenykthane  was  established  by  analysis, 
by  comparison  with  a  specimen  obtained  by  the  reduction  of  hydroxy 
lepidene  with  acetic  acid  and  zinc,  and  by  its  behavior  toward  concentra- 
ted sulftuic  and  concentrated  hydrochloric  adds.  The  substance  dis- 
solved in  concentrated  sulfuric  acid  to  give  a  green  solution  which  grad- 
ually changed  to  brown.  The  solution,  when  decomposed  with  water 
and  extracted  with  ether,  gave  lepidene.^  These  two  substances  represent 
the  primary  products  of  the  reaction  between  dibenzoylcinnamene  and 
phenylmagnesitun  bromide. 

The  substances  melting  at  212^  and  157^  were  found  to  be  dibenzoyl- 
stilbene  and  dihydroxylepidene,  respectivdy.  Their  identity  was  estab- 
lished by  comparison  with  specimens  prepared  by  the  oxidation  of  pure 
lepidene — ^with  nitric  add*  and  by  the  oxidation  of  hydroxylepidene — 
with  chromic  oxide  in  acetic  acid.^  The  condensation  reaction  between 
the  first  of  these  substances  and  phenyl  magnesium  bromide  forms  the 
main  portion  of  the  present  paper. 

Dibenzoylstilbene  was  prepared  in  quantity  by  oxidizing  pure  lepi- 
dene, dissolved  in  acetic  add,  with  a  mixture  of  nitric  and  acetic  acids 
or  with  a  solution  of  chromic  oxide  in  acetic  add.  Since  the  separation, 
of  pure  lepidene  was  a  somewhat  tedious  process,  and  since  dibenzoyl 
stilbene  was  obtained  along  with  lepidene  as  a  result  of  the  reaction  be- 
tween dibenzoylcinnamene  and  phenylmagnesium  bromide,  the  attempt 
was  made  to  prepare  dibenzoylstilbene  directly  from  the  condensation 
product  without  separating  the  lepidene.  In  general,  two  methods  of 
procedure  were  followed:  In  the  first  case  the  dry  ethereal  solution, 
containing  lepidene,  dibenzoyldiphenykthane,  and  hydroxylepidene,  was 
treated  with  a  mixture  of  nitric  add  and  acetic  add.  During  the  oxida- 
tion the  greater  part  of  the  ether  was  evaporated,  and  on  cooling,  quite 
pure  hydroxylepidene  separated.  The  yield  varied  from  40-60%  of 
theoretical,  but  the  melting  point  of  the  product  remained  at  205-206®, 
even  after  repeated  crystallizations  and  although  analysis  for  carbon 
and  hydrogen  showed  the  substance  to  be  pure.  Rather  better  results 
were  obtained  in  the  second  case,  where  the  oxidation  was  effected  by 
means  of  bromine.  This  was  added  directly  to  the  ethereal  solution  of  the 
magnesium  addition  product  formed  by  the  action  of  dibenzoylcinnamene 
and  phenylmagnesium  bromide.  One  molecule  of  bromine  was  calculated 
for  every  molecule  of  dibenzoylcinnamene.  A  sUght  excess  of  the  calcu- 
lated quantity  of  bromine  was  always  used;  but  it  was  found,  as  the  re- 

»  Z.  Chem.,   1867,  313. 

*  Ber,,  22,  855  (1889). 
«  Z.  Chem.,  1867,  314. 

*  Z.  Ibid.,  1871,  483. 
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Stilt  of  a  series  of  experiments,  that  any  considerable  excess  of  broioine 
was  harmful  to  the  reactioni  sin.ce  it  led  to  the  formation  of  secondary- 
products  which  interfered  with  the  separation  of  hydroxylepidene.  In 
oae  case,  where  a  large  quemtity  of  bromine  was  used,  a  jrield  of  60%  of 
dibromolepidene  was  obtained. 

A  convenient  method  of  procedure  was  as  follows:  The  bromine  was 
added  slowly  and  with  constant  shaking,  and  the  temperature  was  not 
allowed  to  rise.  After  it  had  been  added  the  mixture  was  decomposed 
at  once  by  shaking  with  ice  and  hydrochloric  acid,  when  an  immediate 
sq)aration  of  dibenzoylstilben^took  place.  The  thick  oily  ethereal  solu- 
tore  was  decanted  and  washed.  After  it  had  been  separated  from  water 
as  completely  as  possible,  the  mass  was  filtered  tmder  pressure,  the  process 
of  filtration  being  facilitated  by  the  addition  of  small  quantities  of  cold 
acetic  acid  to  the  oily  mass.  The  precipitate  was  finally  washed  repeat- 
edly with  small  quantities  of  acetic  add.  The  substance,  after  one  crys- 
tallizationpfrom^acetic  acid,  melted  at  212  ^-213  ^  and  the  results  of  anal- 
ysis for  carbon  and  hydrogen  showed  it  to  be  pure  dibenzoylstilbene.  The 
yield  was  60-80%  of  theoretical,  and  this  method  was  the  one  finally  em- 
ployed for  the  preparation  of  the  dibenzoylstilbene  used  in  the  following 
experiments: 

The  reaction  between  dibenzoylstilbene  and  phenylmagnesium  bro- 
mide took  place  readily  in  the  cold.  The  hydroxylepidene  used  in  the 
condensations  was  prepared  by  all  of  the  four  methods  described,  and  the 
results  of  the  reactions  were  found  to  be  the  same  in  the  case  of  all  speci- 
mens. The  method  of  procedure  was  as  follows:  15  g.  of  finely  powdered 
dibenzoylstilbene  were  added  slowly  to  an  ethereal  solution  containing 
5  g.  of  magnesium  and  35  g.  of  phenyl  bromide.  After  the  addition  of  the 
ketone  the  mixtin-e  was  decomposed  at  once  by  shaking  with  ice  and  hydro- 
chloric acid.  The  ethereal  solution  was  separated,  washed,  and  dried  over 
calcium  chloride.  Usually  the  separation  of  a  white  crystalline  solid  took 
place  at  once,  but  sometimes  the  separation  of  the  substance  was  very 
slow  and  very  incomplete.  The  substance  was  filtered  and  washed 
with  ether,  and,  after  several  recrystallizations  from  glacial  acetic  acid, 
melted  at  208°.  In  a  series  of  about  twenty  experiments  the  yield  varied 
from  75-85**  of  pm-e  product.  From  the  ethereal  filtrate  from  this  sub- 
stance a  second  product  crystallized.  This  was  much  more  soluble  than 
the  first  and  its  separation  was  much  slower.  It  was  piu-ified  by  repeated 
crystaUizations  from  acetone,  from  which  it  separated  in  large  rhombic 
crystals  melting  at  157°.  These  two  substances  represent  the  sole  products 
of  the  reaction  between  dibenzoylstilbene  and  phenylmagnesium  bromide. 

An  attempt  was  made  to  facilitate  the  separation  of  the  substance 
melting  at  '208°  by  adding  acetic  acid  to  the  dry  ethereal  solution  obtained 
as  a  result  of  the  condensation.     In  the  process  the  ether  was  distilled  off 
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and  the  temperature  was  allowed  to  rise  to  loo^.  It  was  hoped  that  on 
cooling  most  of  the  substance  melting  at  208^  would  separate  out  from 
the  solution.  Crystals  began  to  separate  from  the  mixture  almost  imme- 
diately, but  the  separation  was  very  slow  and  was  complete  only  after 
several  days.  The  crystalline  product  was  filtered  and  washed  with 
acetic  acid.  It  was  found  to  consist  of  an  almost  pure  substance,  which 
after  several  crystallizations,  melted  at  157**,  and  was  identical  with 
the  substance  mentioned  in  the  preceding  experiment.  In  a  series  of  ex- 
periments, the  3rield  of  pure  substance  melting  at  157  °  varied  from  70-90%- 
The  mother  liquids  yielded  small  quantities  of  the  substance  melting  at 
208**,  and  all  of  the  material  used  in  the  successive  condensations  was  quan- 
titatively accounted  for. 

In  order  to  ascertain  whether  the  substance  melting  at  208^  was  unstable 
in  the  presence  of  acid,  20  g.  of  pure  substance  were  added  to  200  cc.  alco- 
hol, and  the  alcohol  was  then  saturated  with  dry  hydrogen  chloride  gas. 
Although  the  substance  melting  at  208^  is  almost  insoluble  in  alcohol,  it 
slowly  dissolved  in  the  alcoholic  solution  of  hydrogen  chloride,  the  dry  gas 
being  passed  into  the  mixture  until  the  solution  of  the  substance  melting 
at  208^  was  complete.  The  separation  of  a  crystalline  solid  from  the 
alcoholic  solution  began  immediately  on  cooling,  but  the  crystals  formed 
slowly  and  the  process  was  complete  only  after  several  days.  The  crys- 
talline precipitate  was  filtered  and  washed  and  was  found  to  consist 
of  an  almost  pure  substance.  After  recrystallizing  several  times  from 
ether,  and  then  from  chloroform-alcohol  mixtures,  this  substance 
melted  at  157°.  The  yield  varied  from  80  to  90%.  The  mother  liquors 
slowly  yielded  the  substances  melting  at  157°  and  208**  and  all  of  the 
material  was  finally  accounted  for  quantitatively.  By  modif3ring  the 
experiment,  and  by  adding  a  small  quantity  of  alcohol  to  the  dry  ethereal 
solution  obtained  by  condensing  dibenzoylstilbene  and  phenylmagnesium 
bromine,  and  then  satiu-ating  the  mixture  with  dry  hydrogen  chloride, 
it  was  found  possible  to  obtain  directly  yields  of  from  80  to  90%  of  the 
substance  melting  at  157°. 

Thus  it  was  found  possible  in  the  condensation  of  dibenzoylstilbene  and 
phenylmagnesium  bromide,  so  to  modify  the  procedure  as  to  obtain  an 
average  yield  of  80%  of  either  of  the  two  products  of  this  reaction.  A 
study  of  the  transformations  of  these  two  substances  showed  that  they 
were  very  closely  related. 

y-Benzoyltetraphenylpropenol  C«H6C0.C(C«Hj)  =  C(CeH5)C0H(C«H,)^ 
— ^This  substance,  melting  at  208®,  was  one  of  the  products  resulting  from 
the  reaction  between  dibenzoylstilbene  and  phenylmagnesium  bromide. 
The  substance  separated  from  the  ethereal  solution  in  almost  pure  condi- 
tion. It  was  purified  by  several  rapid  recrystallizations  from  glacial 
acetic  acid 
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0.1073  ?•  and  0.1 167  g.  of  subs,  gave  0.3443  and  0.3737  g.  COi  and  0.0536  and 
0.0582  g.  HfO. 

Calc.  for  CmHmOs:  C,  87.55;  H,  5.58;  found:  87.51  and  87.32;  5.55  and  5.54. 

7-Benzoyltetraphenylpropenol  is,  diflBcixltly  soluble  in  ether,  almost 
insoluble  in  alcohol,  soluble  in  hot  acetic  add  and  diffictdtly  soluble  in 
cold  acetic  acid,  soluble  in  acetone  and  very  soluble  in  chloroform.  When 
kft  in  contact  with  alcohol  for  a  long  time  it  slowly  dissolves.  In  solu- 
tion in  acetic  acid  and  acetic  anhydride  it  is  slowly  changed  into  a  sub- 
stance having  the  same  empirical  formula  and  melting  at  157°.  When 
crystallized  from  acetone  or  from  chloroform-alcohol  mixtures  it  slowly 
took  up  water  and  passed  over  into  a  hydrate.  This  process  was  slow 
and  was  complete  only  after  a  great  number  of  reaystallizations  from 
these  solvents.  It  was  followed  by  repeated  analyses  of  the  substance 
during  the  process  of  recrystallization.  It  was  found  that  the  percentage 
of  carbon  in  the  substance  decreased  until  a  limit  was  reached,  corre- 
sponding to  the  addition  of  one  molectde  of  water  to  one  molecule  of  siub- 
stance.  At  intermediate  stages  mixtures  of  the  hydrate  and  of  the  anhy- 
dnnis  substance  crystallized  out  together. 

0.1769  and  0.1825  g.  subs,  gave  0.5491  and  0.5661  g.  COt,  and  0.0950  and  0.0984 
|.H,0. 

Calc.  for  CMHnOi.HsO:  C,  84.3;  H,  5.8;  found:  84.6,  84.5  and  6.0,  5.9. 

The  hydrate  crystallized  from  acetone  in  very  large  transparent  plates 
or  prisms  that  melted  at  203-206°.  Its  solubiUty  and  appearance  was 
the  same  as  that  of  the  anhydrous  form.  It  was,  however,  very  unstable 
and  lost  water  at  ordinary  temperattu'es,  the  clear  transparent  crystal 
becoming  opaque  and  coated  with  a  white  powder.  Whe;i  heated  at 
1^0®  it  rapidly  lost  in  weight,  but  the  loss  in  weight  never  corresponded 
to  the  loss  of  one  molecule  of  water.  In  the  hope  of  obtaining  quantita- 
tive results  showing  the  loss  of  one  molecule  of  water  the  hydrate  was 
dissolved  in  acetic  anhydride.  The  substance  separated  from  this  solvent 
on  cooling  and  was  recrystallized  once  from  the  same  solvent  and  analyzed. 

0.1462  g.  subs,  gave  0.4658  g.  COs  and  0.0708  g.  HsO. 

Calc.  for  CmHmOs:  C,  87.55;  H,  5.58;  found:  86.88  and  5.38. 

It  was  observed  that  the  melting  point  of  the  product  crystallizing 
from  acetic  anhydride  had  been  lowered  to  190-192°.  This  was  inter- 
preted as  due  to  the  formation  of  a  small  quantity  of  the  low  melting 
isomer;  and  such  was  probably  the  case,  since,  after  extracting  several 
times  with  small  quantities  of  anhydrous  ether  and  recrystaUizing  from 
glacial  acetic  acid,  the  melting  point  of  the  product  was  raised  to  204- 
206°  and  the  percentage  of  carbon  and  hydrogen  remained  unchanged. 

The  molecular  weight  of  the  anhydrous  form  of  7-benzoyltetraphenyl- 
propenol  was  determined  by  the  freezing-point  method.  Solvent  ben- 
zene: 
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Calc.  for  CmHipO:  M,  466;  found:  415,  419,  428,  420. 
y-BenzoyUetrapkenylpropenol,  C«H8CCX:(CeH6)  =  C(C«H»)COH(C«H,),. 
melting  at  157°,  was  formed  together  with  its  geometrical  isomer  when 
dibenzpylstilbene  reacted  with  phenylmagnesium  bromide.  It  may  be 
prepared  by  starting  with  the  pm'e  substance  melting  at  208^  and  dis- 
solving it  in  alcohol  that  has  been  saturated  with  hydrogen  chloride  gas. 
The  substance  was  purified  by  crystallization,  first  from  ether  and  then 
from  acetone. 

0.2021  and  0.1598  g.  subs,  gave  0.6490  and  0.5x24  g.  COs  and  0.1086  and  0.0862 
g.  H,0. 

Calc.  for  CmHwO.:  C,  8755;  H,  5.58;  found:  875.  87.4  and  5.9»  59. 

Molecular-weight  determination  by  the  freezing-point  method.     Solvent  benzene, 
K  ">5000. 

Calc.  for  CmHmOs:  M,  466;  fotmd:  447,  448,  440. 

Molecular-weight  determination  by  the  boiling-point  method.    Solvent  benzene, 
K  «  2160. 

Calc.  for  CsJImOs:  M,  466;  found:  378,  433,  433. 

The  substance  melting  at  157^  was  readily  soluble  in  ether,  acetic  add, 
hot  alcohol  and  acetone.  It  easily  separated  from  the  isomeric  form 
melting  at  208^  by  extraction  with  ether,  and  then  rectystallized  from 
acetone  or  from  chloroform-alcohol  mixtures.  It  separated  from  acetone 
in  the  form  of  large  plates  or  prisms,  resembling  very  closely  the  crystal- 
line form  of  its  geometrical  isomer. 

When  boiled  with  acetic  anhydride  the  substance  melting  at  157^  was 
slowly  changed  into  the  high  melting  form.  Eleven  grams  of  substance 
were  boiled  with  acetic  anhydride  in  a  flask  connected  with  a  return  con- 
denser for  24  hours.  After  evaporating  oflF  most  of  the  anhydride  a  mix- 
ture was  obtained  from  which  0.35  g.  of  pure  203-206®  was  finally  sep- 
arated. 

Reduction  of  y-BenzoyltetraphenylpropenoL — ^The  substances  melting 
at  208°  and  157°  were  attacked  by  reducing  agents.  With  stannous 
chloride  and  hydrochloric  acid,  and  with  hydrogen  iodide  and  red  phos- 
phorus, each  gave  a  reduction  product  melting  at  185®. 

PetUaphenylbutenyl    Oxide,     (C6H6)jCC(C«H6)  =  C(CeH6)CHC«IU.— In 

I O ' 

general,  the  same  method  of  procedure  was  followed  in  the  reduction  of 
7-benzoyltetraphenylpropenol;  but  the  high  melting  form  was  mudi 
less  reactive  than  the  low  melting  form,  and  the  time  required  for  any 
given  reaction  was  therefore  greater.  In  reducing  with  stannous  chloride, 
the  substance  was  dissolved  in  alcohol  or  in  a  mixture  of  chloroform 
and  alcohol,  the  calculated  quantities  of  stannous  chloride  and  hydro- 
chloric acid  added,  and  the  mixtiu-e  heated  on  a  water  bath  for  several  days. 
When  the  high  melting  form  was  used,  it  was  necessary  to  heat  the  mix- 
ture for  ten  days  or  more  in  order  to  insure  a  complete  reaction.     During 
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the  heating*  jEresh  quantities  of  hydrochloric  acid  ^ere  added  atinliervals. 
At  the  dose  of  tibe  Teaction  the  mixttire  was  poured  into  water  apd  Che 
oil  extraded  with  ether.    On  evaporation  d  tint  ether,  ajsubstance  crya-. 
tallized  oist  winch,  after  several  recrystaUiKations  from  alcohol,  meitftd' 
at  185^.    The  reaction  was  never  quantitative,  s  8*  ^  sttbataoce  yielding: 
0.5  g.  of  this  reduction  product;  and«  in  the  case  of  both  the  high  and  thtf 
low  melting  forms,  the  greater  part  of  the  odginal  substance  used  for  the 
reaction  was  recovered  unchanged.    In  reducmg  with  hydrogen  iodide 
the  usual  procedure  was  followed.    The  substance  was  heated  with  hydsot 
gen  iodide  and  red  pho^horus  in  a  aeakd  tube  at  160^  for  84  hrs.,  and  at 
the  end  of  that  time  the  contents  of  the  tube  were  tutraot^  witii  ether, 
and  the  ether  washed  and  dried.    On  evi^ocation  of  the  ether,  a  substance 
crystallized  out,  and,  after  recrystaUbation  from  ahaohol,  mdlted  sharply 
at  185^    Two  specimen  of  this  reduction  product  prepared jespeotively»< 
from  the  high  mdting  and  the  low  melting  forms  of  7*'bc{nsoyltelraphenylt 
propenol  were  analyzed  after  theh-  identity  h«d  been  eftaUsdied.  ... 
0.16J1  g,  sobs,  (front  aoS'')  gave  0.5395  g;  COt  aiid  aoa44  g.  H^i    !      i .  it 

0.15013  g.  sabs,  (from  1^7 '')  gava  0.496a  g.CXH.and  q^88  g.  HiQ.  ,  .    . 
Calc.  for  CmHsiO:  C,  90.6;  H,  5-7;  found:  90^2.  90.0  af|d^,7,.5,fl. 
The  molecular  weight  was  determined  (a),  by  the  boiling-point  metho0.'      Solvent 
diloroform,  K  —  3590.  '   ' 

Calc.  for  CuitstO!  M,  450;  found!  S34»  5o6.  491,  4^,  493,  494.'  -  '* 

(6)  By  tbe  freesiog-point  Kcthod*  adbvent  bcBEene^'K  «^  4900^ 
Calc.  for. CmHiiP:  M,  450;  found:  50pi;4SO,  42(1,  ..      .1    .     ;  •    ';.    .:»;    «> 

Pentafatttcnyl  oxide  is  difficoltly  sotuble  in  oold  ak9Dhol,aodiettaiiand. 
readily  soluble  in  chloroform  and  in  hot  alcohoL  IticrfstaDiaM  from: 
hot  alcohol  in. the  form  of  large  plates  that. grow  an  duunacteristk  iDset- 
like  groups.  The.  substance  reacts  ttith  phtayfanagnesium  .fariMttide  to^ 
give  a  crystalline  addition  product.    .  •  1 

H^xapkenyUmUwyl  Ether  [(C«H»)iCC<QHi}  -p  C(OiHs)CH<CA»0, 
was  prepared  by  addtUg  pentaphenylbutenyl  oxide,  in-  the  form  of  a  fine 
powder,  to  an  ethereal  solution  <rf  phenylmagnesium  braanidej  TShon 
was  no  apparent  reactioti  in  the  cold»  but  solution  topic  place  quiddy  aiten 
the  mixture  had  been  wanned  for  a  moment  on  the  water  bath.: .  The 
magnesium  addition  product  was  decomposed  at  once  by  shaking  idtb 
ice  and  hydrochloric  add.  The  separation  of  a  white  crystalline  scdid 
tooik  place  immediately.  It  was  filtered,  and.  oryatallized  several  times 
from  chlorofonnralo6b(d  mixtures  from  which  it  separated  in  the  form 
of  large  tranq>arent  plates  or  prisms  melting  ttt  233^. 

a  1389  and  0.1065  g..stibs.  gave  04719  and  0.31605  g.  CO9  and  0.0757  and  ox>966 
g.HjO.  .      .,.. 

Calc.  for  CioHisO:  C,  9^.4',  H.  5.9;  found:  92.6,  924  and  5,9,  ^.9. 

Oxidation  of  y-BmBoyUetraphenylprofenoL — ^Both  ^b^tances  fopned  by 
the  action  of  pl^enylmagnesitym  bromide  and  dibenzoyl^^jtilbene.gave.tf^ 
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saiie  ppoduoti  lirben  oxidized  with  chromic  oxide  in  acetic  add.  The  low 
mdtihg  f  onh  was  veiy  readily  oxidiied  and  reduced  chromic  oxide  as 
rapidly'  as  it  was  added,  while  the  high  meltiilg  form  was  reduced  very 
slowly -and  its  oxidation  was  complete  only  after  prolonged  hea!teg<  The 
method  of  procedure  in  the  case  of  the  substance  melting  at  157^  was  to 
did^VQ  the  substance  in  acetic  add  and  to  add  to  its  hot  ^Itrtion  a  solu- 
tiob  of'icbfximiG  oxide  in  tiie  same  solvent.  The  reagent  was^added  rapidly 
wlth>  constant  shaking,  until  a  permanent  brown  color  remained  for  a 
mumerit  m*  IWo.  Hie  sohition  was  then  poured  immediatdy  Upon  ice, 
\thciBa  solid  piMipitate  usoally  separated.  This  was  liltered  and  the 
fikrate  was  Repeatedly  extracted  whh  ether.  The  ethereal  solution  was 
extracted  sev»ul  thnies  with  a  solution  of  sodium  carbonate  to  remove 
acid8>  wajsheid,  and  dried  over  cakium  chloride.  The  aqueous  sohition 
(xmtainiiig  sodium  carbonate  gave  a  heavy  whHe  predpitate  when  addi« 
fiM  witii  ihydroehloKc  acid,  and  the  ptiedpitate,  after  s^v«ral  crystalliaui- 
tions,  wds^idenftified  as  benzoic  acid.  The  ethereal  solution,  on  evapo- 
ration, yielded  a  mixture  of  tln-ee  substances,  two  of  which  were  identified 
as  benzil  and  benzophenone,  while  the  thiid  was  found  to  be  a  new  sub- 
stance. The  predpitate  whidi  separated  when  the  oxidizing  mixture 
was  poureci  upon  ice,  consisted  almost  entirdy  of  this  third  substance, 
and  it  was  most  easily  isc^ted  at  this  point.  The  quantities  of  this  sub- 
stance obtained  in  successive  experiments  varied  greatfy^^^^io'g.  portions 
of  the  substance  melting  at  157^  yklding  from  a  few  tenths  of  a  gram  to 
^:m«ck'  ai  3  ^.  We  w^«  not  able  to  determine  the  conditions  most 
fiMforaUe  fbr  the  formation  of  this  substance,  but  the  rapidity  with  which 
the  oxidation  was  carried  through  seemed  to  be  a  detennining  factm-. 
The  sufastahce,  after  several  crystallizations  from  akohol,  mdted  sharply 
at  143  ^ 

-  In  the  case  d  the  high  mdting  f<Mrm  of  7-benzoyltetraphen]dpropenol, 
the  method  of  procedure  was  the  same  except  that  the  chromic  oxide 
was  i^uced  so  slowly  that  it  was  impossible  to  follow  the  course  of  the 
oeaction  by  the  chan^  in  color.  Even  after  boiUng  with  diromic  oxide 
for  fifteen  mkrates,  the  greater  part  of  the  original  substance  was  rscov- 
tted  unchanged.  Hie  unchanged  portion  of  the  substance  melting  at 
ioS^  was,  because  of  its  insohibility  in  most  solvents,  readily  separated 
from  the  oxidation  products.  These  were  found,  as  in  the  case  of  the  sub- 
stance melting  at  157^,  to  consist  of  benzoic  add,  benzil,  benzophenone 
and  a  third  neutral  substance  melting  at  143^.  This  kist  substance  was 
iscdated  only  in  very  small  quantities  from,  the  oxidation  products  of  the 
high  mdting  isomer,  and  was  found  only  when  oxidation  was  incomplete 
and  where  part  of  the  original  substance  was  recovered  tmdianged.  The 
oxidation  of  the  isomer  mdting  at  208*  was  complete  after  boiling  the 
substance  for  several  hours  witii  chromic  oxide  in  solution  in  acetic  add; 
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but  the  only  pvoducts  of  oxidatioti  in  litis  case  were>be]UBoic  acid,  bensil 
and  benr4f>hffiwie..  ,>.):« 

As  shown  in  the  introduction^  the  product  (m.  p.  143°)  obtained  by 
nyiHiring  both  the  high  a|id  low  melting  forms  of  7-benzoyltetraphenyl- 
propenol  has  the  formula  re^tfesented  by 

(CaH6)COHC(C6Hg)COHCJH,i. 

It  was  purified  by  several  crystallizations  from  hot  alcohol,  from  whidi 
it  separated  in  wdB^efined  plates  having  tihe  diai-acteristic  habit  of  grow- 
ing in  reset-like  groups. 

0.1630  and  0.1088  g.  subs,  gave  0.4875  and  0.3264  g.  COs  and  0.0763  and  0.0468 
g.H^. 

Calc.  for  CsrHaOt:  C,  82.2;  H,  5.5;  found:  8i.9»  81.8  and  5.2,  5.2. 

The  molecular  weight  was  determined  (a)  by  the  boiling-point  method,  solvent 
ddoroform»  K  »  3590. 

Calc.  for  Ci7H«0k:  M,  394;  found:  369.  37d>  365.  365*  $62,  366. 

(b)  by  the  freefcing-point  method,  solvent  bensene,  K  ->  4900. 

Calc.  for  CtrHtfOi:  M,  394;  found:  334,  326,  3^3*  362,  366,  365. 

The  substance  is  quite  soluble  in  all  organic  solvents.  It  (fissolved  in 
concentrated  nitric  add  and  concentrated  sulfuric  adds  to  give  a  briDiant 
red  solution.  Oxidized  in  acetic  add  with  chromic  oxide,  it  gave  benzo- 
phenone  and  benzoic  add. 

The  substance  was  not  acted  upon  by  metallic  sodium' and  klcbW, 
but  when  dissolved  in  acetic  add  it  was  slowly  acted  upon  by  zinc  and 
hydrochloric  add.  The  product  of  the  reaction  was  a  substance  mdtiiig 
at  135*^.  The  same  reduction  product  was  obtained  when  the  substance 
in  solution  in  alcohol  was  reduced  by  the  action  of  stannous  chloride  dim 
hydrochloric  add.  The  method  of  procedtu-e  in  this  case  was  tb'  dissolV^ 
the  substance  in  alcohol,  add  the  calculated  stannous  diloride  ancV  hydro- 
diloric  add,  and  heat  on  the  water  bath  for  6  hrs.  A  crystalline  prod^c^ 
separated  on  cooling  and  this  was  filtered.  The  addition  of  water  to  the 
filtrate  caused  more  of  this  substance  to  crystallize  and  this  was  again 
filtered.  The  filtrate  had  a  strong  odor  of  benzaldehyde.  The  reduc- 
tion product,  separating  in  this  way,  was  fou;id  to  be  almost  pure,  and 
after  one  or  two  crystallizations  from  alcohol  pielted  sharply  at  135.°. 
The  analysis  and  molecukur- weight  detemunatipas  of  this  substance  $hawe4 
that  it  corresponded  to  the  formula  CmHicO;  and  it  was  identified'  as 
triphenylvin}^  alcohol  by  comparison  witii  a  specimen  of  that  stlbstancte 
prepared  by  heating  triddoroacetyl  chloride  with  benzene  in  the  pres^ntfe 
of  aluminium  chloride. 

MT.  HOLTOm  COU.SOS  Labokatokt,  ^ 

BXTM  M AWX  COUMOM  I«ABOKAlOKT. 
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4-BROMO-6-inTRO-m-CRESOL  AND  SOME  OP  ITS  DBRIVA- 

■•  '""'-■  ^^^  ■     HVES. 

''*'*':''  By  E.  Cikft.  Raim»]>  Aim  GEjki>Y8  lAAVinx. 

Rccdvctt  M4y  11,  19r4«  ■ 

In  1889  Claus  and  Hitscb^  studfe<l;thQ  IMiavjpr  of  m-cresol  toward  bro- 
mine and  other  reagents.  Among*  the  derivatives  reported  was  a  dibromo 
,CQpv<)up4^^^iwd  by  brpq^inajting  6^trotm<cesoU^  whicb  tbey  named 
3,4^^omQi-J^->#i^*;f^-cr<^^M«|id,ftp  whifibL  tb^y.  a^pigjoed  ^he  structure, 

OH  , 


The  analysis  reported  for  bromine  agreed  with  the  formula  given,  but, 
beyond  this,  no  det^s  as  to  thjs  method  of  prepamtion,  properties,  direct 
proof  of  structtire  of  this  compound  oir  any  of  its  derivatives  are  recorded. 
The  melting  point  was  given  as  93°.' 

In  a  stijidy  of  diloroimidoquinones^  one  of  the  authors,  working  with 
^€^itz,  had  occasion  to  nitrate  2,4,6-tribrpmo-m-cresol^  by  a  modifica- 
tion of  Zincke'is*  method,  and  found  that  the  reaction  gave  a  pair  of  mono- 
nitrodibromo-m-cresols  that  melted  at  87**  and  134®,  respectively.  These 
cpinpound^  were  identified  by  the  preparation  and  study  of  several  of 
their  derivatives,  and  their  structtues  were  decisively  proved.  The  struc- 
ture of  the  compound  melting  at  87^  was  established  by  preparing  it  from 
3^4,6-tribromo-m-cre8ol,  in  which  the  positions  of  the  bromine  atoms  are 
known,  and  by  determining  the  relative  positions  of  the  hydroxyl  and  nitro 
l^nmpfs  in,  the  substance  itself.  Through  the  preparation  and  reduction^ 
of  the  aitrocarbonate,  and  the  subsequent  rearrangement  of  this  reduction 
product  to  the  corresponding  urethane,  these  positions  were  found  to  be 
adjacent  (ortho).  Additional  evidence  tending  to  support  the  view  that 
these  groups  are  adjacent  is  found  in  the  fact,  recently  observed,  that  the 

'  /.  •pr^kt.  Ckem.,  {2]  39»  62  (1889). 
.     *  4^"*  Chem.  (Liebig),  53,  217  (1883).  and  259.  210  (1890). 

•  It  will  be  shown  below  that  a  dibromonitrocresol,  probably  identical  with  Claus 
and  Hirsch*s  product,  is  formed  under  the  same  conditions  and  along  with  the  mono- 
bromo  compound  mentioned  in  the  title  of  this  paper;  though  the  most  careful  purifica- 
tion postible  faEed  to  raise  the. melting  point  above  87*".  The  dibrooio  componad 
liefe  obtained  was  found  to  be  identical  with  a  substance  (Am.  Clum.  J.,  46^  437 
(191 1 ))  the  structure  of  which  was  shown  by  one  of  us  to  be  2,4-dibromo-6-nitro-m- 
cresol. 

^  Am.  Chem.  J.,  46,  417  (191 1). 

•  BmU.  soc,  chim.,  46,  275  (1886). 

•  /.  prakt.  Chem,,  [2  J  61,  56  (1900). 
'  Am.  Chem.  J.,  23,  14  (1900). 
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amine  obtained  by  the  reduction  of  the*  nitro  compooiut  may,  under  snitt- 
able  precautions,  react  with  nitrous  add  to  give  a  diazoxide.^  Taken  to* 
gether,  these  facts  show  the  compound  to  be  2,4-<dibrcnno'i-6-nitro^m*-creiol, 
whh  the  struetlffe  suggested  1^  Claus  asid  Hirsch^  for  their  product 

While  the  above-menrtioUed  nirork  oh  cMoroiitiidoquiiiones  was  bdng 
done;  an  attempt  was  mad^  to  repeat  Claus  and  Hirsch's  experiment'  with 
the  hope  of  proving  the  ?*ntity  of  the  compound  melting  at  Sy®  witti  that 
reported  to  melt  at  93  ^  It  was  noted  that  two  prbdUcts  wfere  formed 
but  lack  of  time  prevented  further  investigation  then.  It  has  now  been 
found  that,  when  6-nitro-fn-cresoI  is  brominated  in  giadal  acetic  add  so* 
hition,  starting  the  teactibn  at  the  rbom  temperature,  a  monobromo  product 
is  formed  to  the  extent  of  about  60%  of  that  theoretically  possible.  After 
removal  of  this  substance,  whidi  crystallizes  rapidly  from  the  reactiod 
mixture  after  all  bromine  has  been  added,  pourinig  the  filtrate  into  water 
gives  an  additional  product,  the  2,4-dibromo^6-nitro-m-cresol,  m.  p.  87°, 
mentioned  above.  In  this  paper  we  have  repoited  the  results  df  oifir  in- 
vestigation of  the  monobromo  compound,  induding  some  of  its  deriyatives 
and  the  determination  of  its  structure.. 

In  order  to  determine  the  position  of  bromine  in  this  compound,  the 
purifiedt  product  was  subjected  to  the.  further  action  of  brpmine.  A 
substance  was  obtained  whjcb»  aito  crystallizatioQ  from  alcohol,  melted 
at  87^.  A  mixture  of  this  and  2,4-dibromo-6-nttro-m-cresol  melted  at 
the  same  temperature*  whidi  indicated  that  the  products  were  identical, 
aad  that  the  monobromo  compound  must  have  formula  (I)  or  (11)  as  given 

bdow: 

OH  OH 

OiN/NBr  0^( 

Br 

(I)  w 

The  proof  that  in  this  compound  bromine  occupies  position  (II)  or  (IV) 
was  further-  confirmed  as  follows:  The  monobromo  compound,  melting 
at  I26^  was  nitrated  at  a  temperature  (30^35°)  siightiy  above  that  of  the 
room,  and  gave  a  monobromodinitro  compound,  melting  at  77  ^  which 
was  chatacterized  by  the  study  of  several  of  its  derivatives  (see  experi- 
mental part).    When  the  last  named  substance  was  nitrated  at  a  higher 

»  Mcldola,  Wookott  and  Wray  (/.  Cheik.  Soc.,  69,  1332  (i«96))  state  that  th* 
fonnation  of  a  diazo-oxide  <or  qulnonediazide,  Wolff,  Aim^Chem.  (LiMg),  3x39  xa6 
(1900))  18  proof  of  the  ortho  rdatioo^iips  of  the  nitro  and  hydtoxyl  groups.  Th^ 
literatiire»  however,  mentions  cases  where  compounds  having  apparently  the  char- 
acteristics of  diazo-ozides  have  been  prepared  from  ^aminophenols. 

*  Loccii. 

*  They  give  no  details  as  to  methods. 


OH 

IJcH. 
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temperature,  faromine  was  replaced,  and  2»4»6*triiiitix>-m-cre8(d^  was  ob- 
tained. 

In  cxrder  to  gain  further  insight  as  to  whkfa  of  the  two  positions  was  oc* 
cupied  by  bromine,  it  was  proposed  to  study  the  ethyl  ether  of  the  com- 
pound in  question.  In  their  work  on  the  derivatives  of  <h  and  p- 
nitro-m-cresol,  Staedel  and  Kolb^  found  that  6-nitro-fi^-Gipesol  was  easily 
converted  into  its  ethyl  ether,  and  that  when  the  latter  was  nitrated  the 
second  nitro  group  took  a  position  para  to  the  ethozy  group.  The  relative 
positions  of  these  groups  were  determined  by  shoidng  that  the  dinitio 
ether  mentioned  above  is  identical  with  that  one  obtained  in  a  similar  way 
from  4-nitro-fM-cresol.  These  experiments  were  repeated  by  us,  and 
Staedel  and  Kolb's  conclusions  confirmed,  with  a  view  to  making  use  of 
them  in  determining  the  position  of  bromine  in  our  compound.  The  re- 
actions may  be  indicated  as  follows: 

OH  OCiHi  OCaH.  OCA  OH 

N0»  NQi  NO, 

(I)  (II)  (ni)  (IV)  (V) 

The  behavior  of  our  m6nobromo-6-nitro-fft-cresol,  as  has  ham  indicated 
above,  showed  that  bromine  was  in  position  II  or  IV.  If  in  position  2,  the 
ethyl  ether  of  the  monobromodiriitro-m-cresol  described  on  page  ^506  should 
be  identical  with  the  product  obtained  by  bromination  of  4,6^mitro-iN^ 
cresyl  ether,  formula  (III)  above.  Thh  ether  was  prepared  and  Attempts 
were  made  to  brominate  it,  but  thus  far  all  have  failed.  If  the  bromine  in 
our  product  had  been  in  position  IV,  then  the  ether  desoibed  on  page  1503, 
if  it  reacts  with  ammonia  when  heated  in  a  sealed  tube  with  the  latter,' 
should  give  the  nitro  bromotoluidin  (NH| :  CH» :  Br :  NOi  =  1:3:4:6) 
described  by  Nevile  and  Winther.*  As  will  be  shown  below,  the  ether 
in  question  did  not  react  with  ammonia. 

llie  proof  that  the  faromine  atom  in  our  product  occupies  position  IV 
was  finally  brought  in-  another  way.  When  the  compound  was  chknJnated 
in  the  presence  of  iron  as  a  carrier,  one  chlorine  atom  entered  and  this, 
as  will  be  shown  bdow,  took  position  II.  This  monochlofomoitofaromo-6* 
nitro>m-cresol  was  next  reduced  to  the  corresponding  amine,  and  the  lat- 
ter treated  witii  nitrous  acid  for  the  purpose  of  convertiilg  it  into  a  diaz^ 
onium  salt  which,  it  was  hoped,  could  be  decomposed  by  cuprous  chloride, 
thus  replacing  the  amino  group  by  chlorine.  As  will  be  stated  in  detail 
in  the  experimental  part,  treatment  of  the  amine  with  nitrous  add  gave  a 

*  Dudos,  Ann.  Chem.  (Liebig),  109,  141  (1859). 

*  Ann.  Chem.  (Liebig),  259,  210  (1890). 

'  Staedel  and  Orth,  Ann.  Chem.  {Liebig),  259,  210  (1890). 

*  Ber.  d.  chem.  Ges.,  13,  972  (1880). 
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dia2o-oxide  wUch  nvnas  finally  made  to  undergo,  but  with  some  diflBctilty, 
the  Sandmeyer  reaction.  "In  this  way  there  was  obtained  a  monobromo- 
diddaro  derivative,  the  structure  of  which  turned  out  to  be  2,6KHchloro- 
4'bromo-tft-ctesol.  Oitidation  of  this  product  by  means  of  the  usual  di- 
cfaromate  mixture  gave  a  qtdnone  that  contained  no  bromine  and  which 
was  f6und,  both  by  analysis  for  halogen  and  by  comparison  of  its  melting 
point^  with  2,6-dichlorotohiquinone,  to  be  ideiiticai  with  the  latter.  Taken 
togetiier  these  reactions  show  that  in  the  monobromonitro-fiMatesol  under 
investigation  the  bromine  is  in  position  IV,  that  is,  para  tohydroxyl.  The 
steps  showing  the  proof  of  the  structure  may  be  briefly  stmnnariied  as  fol- 
lows: 

OH  OH  OH  OH 

Br  Br  Br 


</\  ^^(^  O.Nj^CI  H,n/\c1 

l^CH,^"^         i^CH,~^         l^CH,~^  y^^i 


N-O 


OH 


Experimental  Part. 

The  starting  point  in  this  work  was  m-cresol,  which  was  obtained  by 
fractionating  a*  ptu'e  commercial  product.  Fifty  grams  of  the  liquid, 
boilmg  at  199-^06*  (utioor.),  w^re  nittoted  in  accordeince  with  the  method 
of  Staedel  and  Orth,*  and'the  isomeric  nitro  compounds  that  resulted  were 
separated  by  distillation  with  steam.  The  9-  compound,  6-nitro^m' 
oesol,  which  is  volatile  under  these  conditions,  was  found  to  melt  at  56^, 
as  reported  in  the  literature,  and  was  used  without  further  purification 
in  the  experiments  described  below. 

*  The  fact  that  the  product  obtained  here  melted  at  the  same  temperature  as 
a,6Hl]cliIorotc4iiqttiiiQfie,  and  fiuled  to  depress  the  melting  point  of  the  latter,  was  not, 
akme,  accepted  as  snffident  proof  of  the  identity  of  the  two  products.  The  additional 
pcecaution  of  analyzing  the  compound  in  question  was  taken  because  we  have  found 
that  in  oertain  of  the  toluquinpnes  chlorine  may  replace  bromine  without  a  change  of 
melting  point,  and  that  the  two  products  may  be  melted  together  without  such  a  de- 
pression as  would  usually  be  regarded  as  showing  that  the  products  are  different.  Thus, 
a  mxxture  of  3,6-dibromotoIuquinone  (/.  prakt.  Ckem,,  [2)  39,  370  (1889);  Am.  Chem. 
J.,  46, 430  (1911)),  nL  p.  II7^  and  2**dUoro*6<bromo-3-niethylquinone  (Tms  Journal, 
36, 679  (1914)),  m.  p.  XI9^  shows  no  sign  of  melting  below  117^.  Likewise,  a  mixture 
of  ^-chlorotoluquinone  {Ber.,  ao,  2286  (1887)),  m.  p.  105  ^  and  p-bromotoluquihone 
(Ber.,  2%  1931  (1894)),  m.  p.  106*;  melts  at  103-104**;  while  a  mixture  of  the  corre- 
sponding hydroquinones,  each  of  whidi  melts  separately  at  176*,  does  not  mdt  below 

*Ann.  Chem.  {LUbig),  az7»  51  (1883). 
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Actum  of  Bromine  <m  d-niUto-m-cresoL — ^A  portion  of  6<nti;iym<resol 
wdghiiig  I0.2  g.  obtained  as  specified  above*  was  dissolved  in  75  cc,  glacial 
acetic  add,  and  to  this  solution  there  was  gradually  added  from  a  dropping 
funnel  a  soluticm  of  6.7  cc.  bromine  (enough  to  convert  all  nitroqresql  into 
dibromo  derivative)  in  30  cc.  of  glacial  acetic  add.  While  the  solution 
was  slowly  added  the  flask  was  frequently  shaken.  The  operation  was 
begun  at  the  room  temperature  and  lasted  about  one  hour,  during  which 
time  the  temperature  rose  sUghtly.  Crystals  began  to  separate  about 
the  time  all  bromine  had  been  added,  and  the  mixttne  was  allowed  to  stand 
for  six  hours  in  a  cool  place  in  order  to  secure  as  large  a  yield  as  possible. 
At  the  end  of  this  time  the  crystals  were  collected  on  a  filter,  washed  with 
a  small  quantity  of  gladal  acetic  add,  and  dried  on  a  day  plate.  Chilling 
the  filtrate  increased  the  yidd  to  9.5  g.,  which  is  about  61%  of  the  pos- 
sible amount,  if  all  had  been  converted  into  the  monobromo  prochict. 
In  this  condition  the  compound  melted  at  123**,  and  was  very  nearly  pure. 
It  was  readily  soluble  in  ether  and  alcohol,  and  was  best  purified  by  ays- 
tallization  from  the  latter  liquid,  from  which  it  separated  in  the  form  of 
yellow  plates  that  mdt  at  126^.  It  may  be  purified  by  distillation  with 
steam,  though  it  does  not  pa^  over  rapidly.  It  was  analyzed  for  nitrogen 
by  the  Dumas  combu^on  method,  and  for  halogen  by  the  Carius  method. 
Both  results  agree  with  the  formula  for  a  monobromo  product. 

0.1803  K-  subs,  gave  0.1473  g:  AgBr;  6.2643  jf.  subs,  gave  14.9  cc.  N  at  749-3 
mm.  smd  24®  over  50%  KOH  8olttt3on« 

Calc.  for  CTHtOjNBr:  Br  -  34.48;  N  -  6.04;  found:  34-76.  6.24. 

The  filtrate  obtained  when  the  monobromo  product  described  above 
wBs.removed  was  allowed  to  stfuid  over  night  to  see  if  it  would  deposit 
more  9olid.  Nothing  was  deposited.  The  clear  Uquid  was  thai  poured 
with  stirrup  into  six  volumes  of  ice  water,  and  the  predpitate  allowed  to 
settle  during  several  hours.  The  yellow  solid,  after  being  collected  on  a 
filter  and  dried  on  a  day  plate,  weighed  7,2  g.,  less  than  3^%  pf  that  re- 
quired by  the  theory  on  the  basis  of  the  formation  of  dibromo  compound 
cmly.  The  substance  was  purified  by  repeated  crystallization  from  alco- 
hol, and  was  obtained  in  the  form  of  yellow  needles  that  mdted  sharply 
at  87**.  A  mixture  of  this  product  with  2,4-dibromo-6-nitrD-m-cresol, 
m.  p.  87°,  obtained  by  the  nitration^  of  2,4,6-tribromo-m-cresol,  mdts 
at  the  same  point  as  either  of  them  separately,  which  shows  that  they  are 
identical.  This  product,  is,  also,  probably  identical  with  that  obtained 
by  Claus  and  Hirsch'  by  brominating  d-nitro-^m-cresol,  though  they  report 
93®.  as  the  melting  point. 

Salts  of  4-brofno-6'nitrO'fn'CresoL — ^The  monobromo  compound  described 
above  reacts  readily  with  bases  to  form  salts.    Several  of  these  were  stud- 

*  Am.  Chem.  J.,  46,  427  (191 1). 

*  Loc.  cit. 
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ied.  The  ammonitim  salt  was  obtained  by  allowing  fht  pulverized  nitrb 
compound  to  stand  over  night  with  concentrated  ammonia  water.  The 
solubility  of  the  product  in  cold  water  is  so  slight  that  the  yield  of  salt 
obtained  by  filtering  the  above  mixture  was  nearly  quantitative.  The 
salt  was  purified  by  repeated  erystalHzation  from  dilute  ammonia  water. 
It  was  foimd,  in  fact,  that  the  nitro  compound  could  be  purified  most  easily 
in  the  form  of  ammonium  salt,  which  latter  could  aftetwftrd  be  decomposed 
by  hydrochloric  add.  The  salt  trystaOized  in  the  form  of  Orange  colored 
needles. 

0.2810  g.  subs,  gave  0.2138  g.  AgBr;  0.2152  g.  subs,  gave  20.4  cc.  N  at  731.5  mm. 
and  21.5*  over  56%  KOH  sidiitiMi. 

Calc  for  CrH^tfilifBr:  Br '»  32.13  j  N  -*  ii«a6;  fpund;  3S^-37»  10.59. 
The  potassium  salt  was  prepared  bry  dissolving  the  nitroGompound  in 
a  hot  aqueous  solution  containing  slightly  more  than  the .  thepfetical 
amount  of  potassium  hydroxide,  and  then  allowing  the  liquid  to  cool  to  the 
room  temperature.  Fire  grams  erf  nitro  compound  gave  4.05  g.  of  potas- 
sium salt  which  was  increased  to  5.05  g.  by  working  xxp  the  moth^  Uquor^ 
It  was  purified  by  two  crystallizations  from  water,  and  formed  deep  red 
needk-^aped  crystals. 

Analy^  for  potassium  was  carried  out  by  ignhlng  the  salt  wltii  dilute  sulfuric  add. 
0.3088  g.  subs,  gave  0.0669  g.  KtSO*;  calc.  for  CtHaOiNBtK;  K  »  14.44;  found: 
14.38. 

The  sodium  salt,  prepared  in  the  same  way  as  the  potassium  compound^ 
oystallisEed  from  water  in  red  needles. 

0.8654  S-  subs,  gave  0.3446  g.  MatS04.    Calc.  for  CiHtOiNBrNa:  Na  »  9.07; 
found;  9.13. 

The  silver  salt,  which  is  but  sparingly  soluble  in  water,  was  prepared 
by  adding  a  slight  excess  of  silver  nitrate  solution  to  a  solution  of  the 
-sodium  salt  that  had  been  pturified  by  several  crystallizations,  and  that 
was  free  from  any  oonsiderafaie  amount  of  alkali.  The  dark  red  precipitate 
that  formed  at  once  was  filtered  off,  washed  with  water  and  dried  on  day 
plate.  It  was  used  in  the  preparation  of  the  ethyl  ether  that  is  described 
below. 

Ethyl  Ether  of  4''BromO'6'nitrO'm'Cresol. — Five  grams  of  the  above  de- 
-scribed  silver  salt  were  dried  and  pulverized.  This  powder  was  mixed  with 
^dry  ether  and  ocmsiderably  more  than  the  theoretic^y  required  amount  of 
ethyl  iodide.  To  hasten  an4  complete  the  reaction,  which  appeared  to 
go  very  slowly  at  the  room  temperature,  the  mixture  was  heated  for  five 
iiours  under  a  reflux  condenser  en  the  water  b^th.  The  mixture  wa$  then 
.filtered  to  remove  silver  iodide  and  any  unchanged  silver  salt  of  the  nitro- 
Ksesol,  and  the  residue  extracted  several  times  with  dry  ether.  The  ethe- 
real solution  was  then  shaken  with  sodium  cart^nate  solution  in  order  to 
lemove  any  free  nitro  compound,  and  after  separation  from  the  alkaline 
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liqtiid  was  evaporated  to  dryness  by  distilling  off  the  ether.  The  residue 
weighed  about  2  g.  This  was  purified  by  crystallization  from  ligroin, 
70-80^,  from  which  it  separated  in  the  form  of  plates  having  a  slight  tan 
color.  A  second  sample  was  repeatedly  crystallized  from  alcohc^,  and  gave 
nearly  colorless  crystals.  Them. p. in  both  cases  was  124^  which  is  very 
near  that  of  the  nitro  compound  (126^)  from  which  we  started.  The  two 
products,  however,  were  shown  to  be  different  both  by  melting  them  to- 
gether and  by  analysis.    The  mixture  melted  at  97-102  ^ 

0.2472  g.  subs,  gave  0.1788  g.  AgBr.     Calc.  for  CfHiflOsNBr:  Br  >=  30.76;  found- 
30.78. 

The  question  of  the  behavior  of  this  ether  toward  ammonia  when  the 
mixture  was  heated  under  pressure  was  next  considered.  Staedel  and 
Kolb^  found  that  the  ethyl  ether  of  6*nttro-^-cre9ol  reacted  with  ammonia 
under  these  conditions  to  replace  the  ethoxy  by  the  amino  group,  and  that 
the  same  reaction  took  place  with  the  corresponding  dinitro  and  tdnitro 
ethers.  Since  their  mononitro  compound  corresponded  to  our  product, 
with  the  exception  that  theirs  contained  no  bromine,  it  was  expected  that 
ours  would  react  with  ammonia,  and,  by  replacement  of  the  ethoxy  group, 
give  a  nitrobromotoluidin  (NHs: CH*: Br: NOi  ^^  1:3:4:6)  of  known 
structure.'  A  portion  of  our  product  was  mixed  with  concentrated  aqueous 
ammonia,  and  heated  in  a  sealed  tube  for  eight  hours  at  150^.  Nothing 
but  the  unchanged  ether  was  recovered  from  the  reaction  mixture. 

Hydrochloride  of  4'BroniO'6-afninO'fn-cresoL — This  compound  was  ob- 
tained by  dissolving  5  g.  of  the  corresponding  nitro  compound  in  b<Mling 
alcohol,  and  adding  to  the  boiling  liquid  a  solution  of  stannous  chloride 
in  concentrated  hydrochloric  acid.  When  reduction  was  complete,  one 
volume  of  concentrated  add  was  added  and  the  mixture  allowed  to  come 
to  the  room  temperature.  The  amino  hydrochloride  that  separated  was 
removed  by  filtration  and  purified  as  follows:  The  solid  was  dissolved  in 
a  small  quantity  of  hot  water,  the  solution  fihei^  through  paper,  and  the 
filtrate  mixed  with  an  equal  volume  of  concentrated  hydrodiloric  acid. 
Nearly  colorlesss  needle-diaped  crystals,  that  were  free  from  tin  com- 
pounds were  obtained. 

0.2496  g.  subs,  gave  0.3476  g.  AgHal;  calc.  for  C7H«0NClBr:  halogen  «  48.41; 
found:  48.51. 

4'BrofnO'6'Canino-m-cresoL — ^This  free  base  was  easily  prepared  by  mix- 
ing with  a  faintly  add  (hydrochloric)  solution  of  the  aminohydrochloride, 
described  above,  a  slight  excess  of  ammcmium  carbonate  solution:  The 
amine  was  promptly  precipitated,  and  after  a  few  minutes  it  was  collected 
on  a  filter,  washed  several  times  with  cold  water,  and  dried  on  day  plate. 
It  was  found  to  be  soluble  in  alcohol,  benzene,  and  less  so  in  ligroin.    It 

'  Ann,  Chem.  {Liehtg),  259,  224  (1S90). 
*  Bff.,  13,  972  (i'88o). 
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was  best  purified  by  crystallization  from  benzene,  from  which  it  was 
obtained  in  nearly  colorless  crystals  that  melted  sharply  at  145^. 

0.1532  g.  subs,  gave  0.0808  g.  Ag  (electrolyt.  dep.);  calc.  for  CrHgONBr:  Br  » 
39'55;foand:  3904. 

NitraHon  of  4-bromO'6^trO'm^cres6l.—A.  portion  of  the  monobromo 
product  weighing  5  g.  was  finely  powdered  and  then  added  to  a  mixture 
of  54  cc.  nitric  add  (sp.  gr.  1.42)  and  21  cc.  sulfuric  add  (sp.  gr.  1.84),  that 
had  been  cooled  to  the  room  temperature.  After  being  shaken  for  about 
15  min.  the  reaction  mixture  was  filtered  through  glass  wool  to  remove  un- 
changed material,  and  the  dear  filtrate  was  poured  into  ten  volumes  of 
cold  water.  A  light  ydlow  predpitate  was  formed.  The  liquid  was  al- 
lowed to  stand  for  half  an  hour,  after  whidi  the  solid  was  removed  by  fil- 
tration, washed  with  li  little  cold  water,  and  dried  on  day  plate.  In 
this  condition  the  product  melted  at  72^-75°,  due  to  the  presence  of  tri- 
nitro-fff-cresol,  probably.  To  show  that  the  latter  had  been  formed  during 
the  nitration,  some  of  the  filtrate  obtained  as  above  was  extracted  with 
ether,  the  ether  removed  by  evaporation,  and  the  residue  dissolved  in 
water  and  converted  into  potassium  salt.  The  latter  was  twice  crystal- 
lized from  water  and  then  decomposed  by  hydrochloric  add.  The  free 
tdtro  compound  was  removed  and  aystaliized  from  alcohol.  It  was 
mdted  witii  a  sample  of  trinitro-m-cresol  prepared  in  accordance  with  the 
metiiod  of  Dudos,^  without  showing  any  depression  of  mdting  point. 
To  show  that  the  monobromomononitro  compound  could  be  easily  and  com- 
pletdy  converted  into  trinitro-m-cresol  in  a  single  operation,  a  portion 
^was  nitrated  by  var3nng  the  above  methcd  slightly.  In  this  case  the  re- 
action mixture  was  warmed  sufSciently  to  bring  all  solid  into  solution, 
and  when  the  latter  was  poured  into  water  nothing  was  predpitated. 
Bxtraction  with  ether  and  purification  as  described  for  the  filtrate  above 
^ave  a  compound  that  mdted  sharply  at  106°,  and  that  did  not  depress 
the  mdting  point  of  a  sample  known  to  be  trinitnMn-cresd. 

In  order  to  secnre  the  dinitro  compound  in  a  pure  form,  the  crude  prod-* 
tict  melting  at  72*'-75*'  was  converted  into  ammonium  salt,  and  this  was 
repeatedly  crystallized  from  ammonium  hydroxide  sohition.  Orange 
cokx^  cr3rstals  were  obtained. 

D.^98  g.  siiba  gaTe  oti8o2  g.  AgBr;  calc.  for  CrHiOiNaBr:  JBr  «  07.22;  found: 
«7-4o. 

A  portion  of  the  pure  ammonium  salt  was  dissolved  in  water  and  then 
a  slight  excess!  oi  hydrochloric  add  added.  The  free  nitro  compound 
that  separated  was  collected  on^  a  filter,  dri^  in  the  air,  and  crystallized 
twice  from  ligroin»  70 ^'-So^.  It  gave  fine  yellow  needles  that  mdted 
ahalplyat77^ 

0.X2S7  g.  suba.  gave  0.0868  g.  AgBr;  eak.  for  CTH»0»NiBr:  Br  »  28.88;  found: 
28.70. 

'  Ann,  Chem.  {tiebig)\  109,  141  (1859). 
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Potassium  Soli  of  4'BromO'2f6-dinitro-m'cresoL — ^The  dinitro  compound 
that  has  been  described  was  further  identified  by  the  preparation  of  its 
potassium  salt.  The  other  reason  for  preparing  this  salt  was  to  secure 
material  for  the  preparation  of  the  ether  mentioned  below.  The  salt  was 
easily  obtained  by  dissolving  the  nitro  compound  in  a  slight  excess  of  hot 
potassium  hydroxide  solution,  from  which  the  product  separated  in  scarlet 
plates  which  were  further  purified  by  a  second  crystallization  from  water. 
0.2849  g.  sub.  gave  0.1711  g.  AgBr;  calc.  for  CfH^OtNfBrK:  Br  >«  25.39;  found: 
25.55. 

SUver  Salt  of  4-Bromo-2,6'dinitro-m<resoL — ^The  silver  salt  was  prepared 
by  mixing  slightly  more  than  the  calculated  amount  of  silver  nitrate 
solution  with  a  warm  dilute  solution  of  the  potassium  salt  described  above. 
Scarlet  crystals  of  the  silver  ssit  formed  rapidly.  These  were  removed  by 
filtration,  washed  with  a  small  quantity  of  cold  water,  and  then  dried. 
It  may  be  noted  that  this  salt  is  much  n:iore  soluble  in  water  than  the  silver 
salt  of  the  mononitro  compound,  mentioned  on  a  previoiis  page.  It  was 
used  in  the  preparation  of  the  ethyl  ether. 

Eikyl  Ether  of  4^BromO'2,6'dtnitrO'fn'CresoL— This  ether  was  prepared 
for  the  purpose  of  securing  a  substance  having  the  same  composition  and 
containing  the  same  groups  as  the  expected  bromine  .derivative  of  the  4, 
6-dinitro-ffi-cresyl  ether  (p.  1500),  which  we  were  trying  to  obtain  at  that 
time,  with  the  hope  that  a  comparison  of  the  properties  of  the  two  prod* 
ucts  would  enable  us  to  decide  the  position  of  the  bromine  atom.  Though 
tiie  failure  of  bromine  to  react  with  the  dinitro  ether  prevented  the  com- 
parison, it  seemed  worth  while  to  report  the  i»«paration  of  the  ether  here 
described  in  order  to  call  attention  to  the  marked  dijfference  in  the  rates  of 
reaction  when  the  silver  salts  of  4»bromo*6-nitro-m-cre8ol,  and  4-bromo-2,6- 
dinitro-^-cresol,  respectively,  were  brought  in  contact  withethyliodide»  The 
first  named,  as  has  been  pointed  out  above,  reacted  very  slowly;  the  sec- 
ond, as  indicated  below,  reacted  rapidly.  Three  grams  of  the  silver  salt  of 
monobromodinitro-w-cresol  were  mixed  with  20  cc.  of  dry  ether,  and  then 
slightly  more  than  the  calculated  amount  of  ethyl  iodide  was  added. 
Vigorous  action  began  at  once,  with  considerable  rise  of  temperature* 
and  the  reaction  was  apparently  complete  in  a  short  period  (few  minutes). 
Heating  the  mixture  under  a  reflux  condenser  over  a  water  bath  caused 
no  further  change.  The  cooled  mixture  was  filtered,  the  residue  wa^ed 
several  times  with  small  portions  of  dry  ether,  and  the  collected  filtrate 
and  washings  shaken  with  a  solution  of  sodium  carbonate  for  the  purpose 
of  removing  any  free  nitro  compouhd.  When  the  ethereal  solution  was 
placed  in  a  distilling  flask  and  the  ether  evaporated  oS,  a  brown,  S3mipy 
liquid  was  left.  This  was  cooled  with  ice,  but  it  failed  to  give  any  stMd 
until  allowed  to  stand  for  several  hours  in  a  vacuum  desiccator.  The 
brown  solid  finally  obtained  was  crystallized  from  methyl  alcohol,  and  gave 
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nearly  colorless  crystals  that  melted  at  64*^-65^  The  substance  becomes 
yellow  colored  when  kept.  It  was  easily  soluble  in  other  oif;anic  ^vent9» 
but  did  not  crystallize  well  from  any.  but  alcohol. 

0.2323  g.  subs,  gave  0.0785  g.  Ag  (electrolyt.  dep.);  calc.  for  CfH«OiNsBr:  Br  m 
26.25;  found:  26.16. 

The  Action  of  Bromine  on  the  MoncbromO'd-nitro-m^resoU — ^A  portion  of 
the  monobromonitrocresol  weighing  2  g.  was  dissolved  in  15  cc.  glacial 
acetic  add,  and  the  solution  warmed  slightly.  To  this,  a  solution  of  hfo- 
mine  in  acetic  add  was  added,  and  after  being  shaken  for  a  few  minuteSt 
was  cooled.  No  crystals  of  monobromo  compound  separated  out.  'Fhe; 
liquid  was  poured,  with  stirring  into  six  volumes  of  cold  water,  and  .gave 
a  ydllow  ptedpitate.  This  was  removed  by  filtration,  dried,  and  crystalr* 
lized  from  alcohol.  Long  yellow  needles  that  melted  at  87  ^  were  obtained. 
When  a  mixture  of  this  product  and  the  2,4-dibromo*6-xiitro-fH-cresol  ob- 
tained by  the  nitration  of  3,4,6-tribromo*m*cresol  was  melted,  the  melting 
point  was  the  same  as  that  of  either  product  separately,  which  indicates 
that  they  are  identical.  In  the  monobromo  compound  under  investtga- 
ticm,  then,  bromine  occupi^  position  II  or  IV. 

CtUorinaiion  of  the  Monobromo-d-nitro-fn^resol. — The  first  attempts  to 
c^orinate  this  compound  were  made  by  passing  chlorixie  into  a.  glacial 
acetic  add  solution  of  the  substance.  The  yield  was  poor  and  the  pfiod*. 
uctwas  difficult  to  purify.  A  much  better  result  was  obtained  by  using 
carbon  tetradiloride  as  a  solvent  and  dry  pulverized  iron  as  a  "chlorine 
carrier."  Ten  grams  of  the  compound  were  dissolved  in  290  cc.  carbon  tetrn- 
chloride,  and  about  2  g.  of  iron  added.  One  molecule  of  dilorine,  gener*- 
ated  by  dropping  hydrochloric  add  on  potassium  permanganate,  was  led. 
into  this  liquid,  while  the  flask  was  continually  shaken.  The.  temperature 
did  not  rise  much  above  that  of  the  room.  At  the  end  of  the  reaction 
the  mixture  was  filtered  through  paper,  and  the  dear  filtrate  reduie^d  to  a 
small  volume  by  distilling  off  the  carbon  tetrachloride  on  the  water  bath* 
The  dark  colored  residue  was  potutnl  into  a  beaker  and  allowed  to  crystal-* 
liee  while  the  remainder  of  the  solvent  slowly  evaporated*  Tbe  solid 
weighed  11.2  g.  and  had  a  m.  p.  of  72**-75**.  The  compouad  dissolves 
readily  in  alcohol,  and  after  four  crystallizations  from  that  soli/ieat  it  bad 
a  constant  m.  p.  of  .80^.  It  can  be  purified  quite  easily  in  the  fbrm  of  ita 
potassium  salt,  which  sq^arates  from  water  in  the  form  of  crimson  rhombic 
crystals.  A  second  crystallization  in  this  way  gave  a  product  that  was 
shown  by  analysis  to  be  pure. 

0.3395  K'  s«bs.  gave  0.3691  g.  AgHal;  calc.  for  C7H40jNClBrK:  Hal   «  37  92; 
found:  37-87. 

The  free  nitro  compotmd,  which  turned  out  to  be  2-chlpp-j4-bjromo-6-' 
nitro-m-cresol,  was  obtained  from  the  potassium  salt  described  (^bove 
by  treatment  of  an  aqueous  solution  of  the  latter  with  hydrochloric  add.' 
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The  yellow  precipitate  was  collected  on  a  filter,  washed  with  water,  and 
at  once  cryBtalUzed  from  alcohol.  It  gave  3rellow  needles  that  melted  at 
80^.  It  should  be  noted  that  a  mixture  of  this  compound  and  dichloro- 
6-nitro-m-cresol,  m.  p.  88^,^  in  which  the  halogen  atoms  are  probably 
in  positions  II  and  VI,  does  not  melt  below  80°. 

b.2089  g.  subs,  gave  0.2584  g.  AgHal;^calc.  for  CyHiOiNClBr:  Hal  »  43.31;  found: 
4i3.ri. 

Hydrochloride  of  2'ChlorO'4'bromo-6<anino-'m'Cfesol. — The  nitro  com« 
potihd  under  consideration  was  further  identified  by  the  preparation  of 
th^  •  corresponding  aminohydrochloride.  This  was  done  in  thie  manner 
already  described,  though  it  was  found  necessary  to  i£se  nmch  more  alco- 
h61  than  has  been  required  in  the  cases  of  other  nitro  compounds.*  lliis 
wbs  due  to  the  fact  that  both  the  nitro  compotmd  and  the  hydrochloride 
are  almost  insoluble  in  the  hydrochloric  acid  used  to  dissolve'  the  stannous 
chk>ride  employed  in  the  reduction.  Consequently,  unless  enough  alco* 
hoi  is  used  to  hold  all  nrtro  compound  in  solution,  at  the  boiling  point, 
even  when  it  is  diluted  with  an  equal  volume  of  an  aqueous  licpjid,  reduc- 
tion will  not  be  complete,  and  the  solid  that  seps^ates  when  the  mixtiire 
cools  will  contain  both  nitro  compound  and  aminohydrochloride.  The 
very  sUght  solubility  of  the  hydrochloride  in  water  made  it  necessary  to 
modify  the  method  described  above  for  purifying  these  campomids. 
This  one  was  best  freed  from  tin  salt  by  treatment  of  its  solution  in  dilute 
alcohol  with  concentrated  hydrochloric  add.  The  nearly  coiorle^  cr3rs- 
tals  that  resulted  were  collected  on  a  filter,  pressed  out  on  a  porous  plate 
and  dried  in  air  24  hours,  and  then  in  vacuOf  over  potassium  hydroxide, 
for  72  hrs.  before  anai3r$is. 

0.2561  g.  subs,  gave  0.4413  g.  AgHal;  calc.  for  CrHgONCIiBr:  Hal  ««  35.28;  found: 
54.8o.« 

24Jhlofo-4'bromo-6-amino-fiP-cresoU — The  free  base  was  obtained  by 
decomposing  the  hydrochloride  with  ammonium  carbonate.  After  wash- 
ing with  water  and  diying  over  night  the  base  was  crystallized  from  ben- 
zene. It  gave  nearly  colorless  scales  that  melted  at  145^-146^.  With 
acetic  anhydride  it  reacts  very  vigorously  to  give  a  derivative  that,  crys- 
tollieed  f txmi  alcohol  in  the  form  of  kmg,  coloriess,  silky  needles  that  meked 
at  199^.  This  substance  did  not  dissolve  in  solution  of  sodium  hydtx>xide 
except  on  standing  for  several  hours,  and  was  regarded  as  a  (fiacetyl  com- 

^  Raiford  and  Batrd,  unpublished  work. 

'  Am.  Chem.  J.,  46,  419  (191 1). 

*  The  low  percentage  of  halogen  was  not  regarded  as  indicating  an  impure  substance, 
because  in  a  closely  related  case  (This  Journal,  36,  678  (1914))  the  same  facts  were 
noted,  while  in  that  case,  as  in  this,  the  free  base  (see  below)  obtained  from  the  hydro- 
chloride was  found  by  analysis  to  be  pure.  The  explanation  of  the  low  percentage  of 
halogen  in  both  hydrodilorides  is  the  probable  loss  of  hjfdrogen  chloride  by  dissociation 
daring  the  drying. 
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pound.    A  pofticm  of  the  free  base  was  dried  in  vacuo  for  24  hrs.,  and  ana* 
lyzed. 

0.3648  g.  subs,  gave  0.3722  g.  AgHal;  cak.  for  CvHiONClBr:  Hal  »  48.82;  found: 
48.98. 

Reaction  of  2'CklorO'4-4Mromo-6'aminO'^n-cresol  with  Nitrous  Acid. — 
In  order  to  secure  further  i^roof  of  the  position  of  the  bromine  atom  in 
the  compound  under  consideration,  it  was  proposed  to  replace  the  amino 
group  by  chlorine,  by  means  of  the  Sandmeyer  reaction,  and  then  try  to 
oxidixe  the  resulting  cresol  to  the  corresponding  quinone.  In  such  a  case 
the  halogen  para  to  hydroxyl  would  be  lost,  and  identification  of  the  qui* 
none  would  show  whether  chlorine  or  bromine  occupied  the  p-  position 
in  the  original  substance.  The  preliminary  attempts  to  diazotize  the  amine 
did  not  give  satisfactory  results.  In  the  first  place,  the  aminohydro- 
chloride  with  which  we  started  is  nearly  insoluble  in  waX;er,  and  particularly 
ao  in  the  presence  of  the  relatively  large  amount  of  hydrochloric  addneces-r' 
sary  for  the  Sandmeyer  reaction.  Attempts  to  secure  a  paste  by.grindr 
ing  the  solid  with  water  and  acid  did  not  give  a  hoaaogeneous  mixture^ 
It  was  therefore  foimd  impossible  to  bring  the  sodium  nitrite  solution  in 
contact  with  this  material,  and  secure  a  uniform  reaction,  by  agitating 
the  containmg  flask  in  the  usual  way.  This  difficulty  was  further  em- 
phasized by  the  fact  that  the  product  of  the  reaction  (^hich  was  not  i 
diazonium  salt)  was  quite  as  insoluble  in  water  as  ibt  compound  ^th  whidi 
we  started.  To  overcome  these  imfavorable  conditions,  in  a  measurel 
the  mixture  of  aminohydrochloride,  water  and  hydrochloric  add,  after 
being  nibbed  into  as  smooth  a  paste  as  possible,  was  placed  in  a  glas^ 
stoppered  bottle;  and  after  each  addition  of  the  sodium  nitrite  solution  thil 
bottle  was  removed  from  the  cooling  bath  and  shaken  vigorously  for  sev^ 
eral  minutes.  When,  after  such  a  nnzing  of  the  material,  a  te^t  showed 
the  presence  of  free  nitrous  add,  a  portion  of  the  brown  solid  was  removed 
by  filtration,  washed  with  water  and  dried.  It  decomposed  suddedy 
when  heated  above  155  ^  After  two  ctystallizations  from  aldolMl  it  wa^ 
obtained  in  the  form -of  brown  needles  that  behaved  as  stated  above: 
These  properties  indicated  a  diazo-oxide,  and  an  analysis  for  halogeil 
supported  this  view.  < 

O.X995  g.  subs,  gave  0.2673  g.  AgHal;  calc.  for  CrH40NaCIBr:  Hal  «  46.65;  founds 
46.70.  I 

Behavior  of  the  Diazo-oxide  toward  Cuprous  Chloride  Solution,— Por^ 
tions  of  the  mixture  containing  the  diazo-oxide  were  transferred  in  the  u^tal 
way  to  the  amount  of  cuprous  chloride  solution  commonly  employed  ill 
the  Sandmeyer  reaction.  The  yield  was  poor,  and  the  product  was  a  mix^ 
ture  that  we  did  hot  succeed  in  separating.  Only  when  2.5  to  3.otimes  the 
usual  quantity  of  cuprous  chloride  solution  was  used,  and  when,  after 
each  addition  of  liquid  containing  the  diazo-oxide,  the  mixture,  contained 
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in  a  stoppered  bottle,  was  vigorously  shaken  for  several  nmiutes,  was  a 
satisfactory  yield  of  fairly  pure  product  obtained.  Without  these  pre- 
cautions the  diazo-oxid^  tends  to  float  on  the  surface  of  the  liquid  and 
escape  action  with  the  cuprous  chloride.  After  mixing,  the  Uquid  was  al- 
lowed to  stand  for  half  an  hour,  with  frequent  shaking,  and  was  then 
distilled  with  st&am.  An  oil  that  solidified  partly  in  the  condenser  passed 
over.'  Cooling  the  deceiving  flask  daused  the  entire  product  to  sc^idify 
in  the  fwtn  of  crystals  that  were  dightly  Ix-owni^  in  color.  These  were 
collected  by  filtration,  and  dried.  The  yield  was  about  65%  tod  the 
subistance  melted  at  63-^4^.  It  was  further  purified  by  crystailieatioo 
from  ligroin  (70 ''-80^),  from  which  it  separated  in  pale,  fawn  colored  needles 
that  melted  at  65  ^  It  is  but  sparingly  soluble  in  water,  and  the  solution 
develops  nd  coior  wheii  mixed  with  ferric  chloride.^  It  is  readily  soluble 
in  solution  of  sodium  hydroxide,  and  from  this  it  is  completely  precipi^ 
tated  by  carboia  dioxide.  It  cannot  be  distilled  at  atmospheric  pressure 
without  decomposition.  Analysis  for  halogen  showed  that  it  i6  a  mono- 
bromodichlorocresd. 

0.2141  g.  subs,  gave  0:3986  g.  AgHal;  calc.  for  CrHtOQtBr:  Hal  »  58*90;  found: 

Oxidation  of  2t6-DickicrO'4-bromo-4n<r9soL — One  gram  of  the  cresol  was 
dissolved  in  30  cc.  glacial  acetic  add,  and  the  solution  cooled  as  far  as 
possible  (to  about  xo^)  without  causing  solid  to  separate.  To  this  liquid 
there  was  gradually  added,  with  shaking,  a  cold  solution  of  sodiiun  di- 
cbromate  and  sulfuric  acid»  and  the  mixtmre  allowed  to  stand  for  half 
an  hour.  An  equal  volume  of  cold  water  was  next  added  and  the  whole 
left  for  an  hour.  The  quinone  that  subsided  was  removed  by  filtration, 
washed  well,  with  cold  water,  and  dried.  A  yield  of  about  65%  was  ob- 
tained. In  this  condition  the  product  melted  at  about  90^.  After  oys- 
tallization  from  ligroin  ^(70-80^)  it  melted  at  102  **,  and  a  mixture  of  it  and 
2,6-dichlon>toluquinQne,  obtained  by  oxidizing  2»4,6-trichloro-m-cresol 
in  the  maimer  described  above»  showed  no  depression.  A  small  quantity 
of  the  substance  was  mixed  with  water  and  reduced  by  sulfur  dioxide  to 
the  conresponding  hydroquinone.  This  melted  at  171  ^  and  did  not  de- 
press the  melting  point  of  2,6-dichlorotoluquinone.*  These  facts,  however, 
were  not  sufficient  to  establish,  beyond  question,  the  identity  of  the  two 
products;  for  it  has  been  found,  as  stated  on  a  previous  page,  that  in  this 
group,  at  least,  chlorine  and  bromine  may  replace  each  other  without 
causing  a  change  of  melting  point,  and  that  the  respective  products  may 
be  melted  together  without  appreciable  depression.  Our  product,  there- 
fore, was  analyzed. 

O.IS7S  S-  subs-  save  0.2578  g.  AgCl;  cak.  for  CfH/)|C]i:  CI  ••  37.14;  found: 
37.33 

'  See  Am.  Chem.  J.,  46,  424  (1911)- 

*Ber.,  f0i93x  (1886). 
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Sm&Buuy. 

1.  When  6-mtrcHm-cresol  is  brominated  in  acetic  acid  solution,  a 
mixture  of  4-bromo-6rnitroHW-cresol  and  2,4-dibromo-6-nitro-m-cresol 
is  formed.  The  difference  in  solubility  of  these  two  products  in  acetic 
add  permits  of  almost  complete  separation  by  filtration  of  the  reaction 
mixture.  4-Bn>mo-6-nitro-m-cresol,  which  had  not  previou^y  been  de- 
scribed; has  been  studied  aiid  its  structure  established. 

2.  The  ortho  positions  of  the  hydroxyl  and  nitfo  groups  in  the  mono- 
mtrodibromo-w-cresol  (m.  p.  87®)  obtained  by  nitration  of  2,4,6-tribromo- 
m-cresol^  have  been  confirmed. 

3.  When  4-bromo-6-nitro-in-cresol  is  chlorinated  in  the  presence  of 
iron,  dilodne  enters  position  II,  that  is,  between  methyl  and  hydroxyl. 

4.  Tteatment  of  2-chloro-4-bromo-6-amino-fn-cres()l  with  nitrous  acid 
gives  a  dia^o-oxide  that  will  teatt  with  cuprous  chloride  to  give  a  trihado- 
genated  cresoL 
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THE  ACTION  OF  CHLORAL,  CHLORAL  HTDRATB  AND  BROMAL 

ON  CERTAIN  ORGANIC  COMPOUNDS  IN  THB  PRBS- 

ENCE  OF  ALUMINIUM  CHLORIDE. 

Bt  G.  B.  Pkawkvobtss  AMD  W.  KRmani?8KT. 
Rtcdirad  M«y  U«  1914. 

Parti. 

The  following  pages  are  devoted  to  a  new  phase  of  the  Friedel-Crafts 
reaction.  This  unique  historical  reaction*  represents  one  of  a  series  of 
chemical  dianges  commonly  classed  under  catalysis.  Catalysis  may  be 
best  defined  as  a  chemical  change,  either  anal3rtic  or  synthetic,  brought 
about  by  the  influence  of  a  substance  but  without  that  substance  entering 
permanently  into  the  reaction;  or,  as  stated  by  Ostwald,  an  increase  in 
the  reaction  velocity  beyond  the  normal  by  some  substance  which  does 
not  enter  the  reaction. 

As  is  well  known,  many  of  the  true  organic  condensation  processes 
are  brought  about  by  one  of  two  common  reactions,  namely,  the  Friedel- 
Crafts  and  the  Baeyer  reaction,  the  one  acknowledged  as  purely  catalytic, 
eliminating  hydrochloric  add — ^the  other,  perhaps  dehydrolytic,  elimina- 
ting water.  It  will  be  shown  in  this  paper  that  although  these  two  re- 
actions have  been  regarded  as  separate  and  distinct  in  their  behavior 
ever  smoe  they  were  discovered  by  the  men  whose  names  they  bear,  they 
do,  in  many  cases,  act  alike;  for  aluminium  chloride  not  only  pla3ns  the 
part  of  a  catalyst  in  breaking  off  hydrochloric  add,  but  it  also  acts  as  a 
substitute  for  sulfuric  add,  removing  water  from  the  reacting  components. 

*  J.  praki.  Chem.,  [2]  6f,  561  (1900);  Am.  Chem.  /.,  46,  426  (1911}. 

•  Compt.  rend.,  84,  1392  (1877);  Ann.  chitn.  phys.,  [6]  449  (1884). 


Digitized  by  VjOOQIC 


I512  G.  B.  FRANKFORTBR  AND  W.  KRITCHEVSKY. 

It  may  be  of  some  historic  interest  to  note  that  Pla3rfair  was  doubtless 
the  first  to  show  the  catal3rtic  properties  of  aluminium.  He  found  that 
if  a  piece  of  calico  dyed  in  indigo  be  dipped  in ,  nitric  add,  no  change 
takes  place;  but  if  the  nitric  add  contains  a  mere  trace  of  an  aluminium 
salt,  the  blue  color  is  immediately  destroyed. 

It  was  found  by  Friedd  and  Crafts  that,  when  small  quantities  of  an- 
hydrous aluminium  chloride  were  added  to  amyl  chloride,  a  vigorous  re- 
action took  place,  liberating  hydrochloric  add,  at  the  same  time  forming 
hydrocarbons  which  did  not  abscM-b  bromine.  The  r^iction  seemed 
deep  seated,  but  one  of  the  compounds  formed  was  a  hydrocarbon  of  the 
general  formula,  Cnti2n+2>  thus  indicating  that  a  diff^ent  hydrocarbon 
of  the  same  group  had  been  formed.  Finally,  when  the  above  reacti<»]i 
was  made  to  take  place  in  the  presence  of  a  hydrocarbon,  a  compound 
consisting  of  the  hydrocarbon  and  the  amyl  radical  was  formed.  By  sub- 
stituting other  halides,  as  methyl  or  ethyl  chlorides,  homologous  com- 
pounds were  formed.  No  definite  explanation  was  at  first  given.  The 
reaction  was  so  unusual  that  the  discoverers  seem  to  have  been  content  to 
accei^  the  reaction  as  fact  and  wait  for  more  data  before  attempting  an 
explanation. 

In  addition  to  the  work  of  the  authors  thcmselvBs,  Gustavson^  did 
much  toward  an  explanation  of  the  reaction.  He  showed  that  organic 
aluminitmi  compounds  of  unstable  nature  are  formed  and  that  these  com- 
pounds readily  break  down,  liberating  the  condensed  hydrocarbon  with 
the  reformation  of  aluminium  chloride. 

Since  Friedel  and  Crafts'  first  experiments  with  aluminium  chloride, 
chemists  have  used  it  in  many  different  ways  for  bringing  about  different 
chemical  changes.  Thus,  Scboll  and  Seer^  showed  that  anhydrous  alu- 
minium chloride  in  many  cases  actually  breaks  off  hydrogen  instead  of 
hydrochloric  add,  as  may  be  shown  by  the  following  equation; 

C5H12  +  AljCU  «  CsHio  +  H,  +  AltCU 

They  did  not  attempt  to  explain  this  reaction,  but,  from  organic  aluminium 
compotmds  which  we  have  had  in  hand,  it  seems  quite  probable  that  the 
fiirst  substance  formed  is  an  aluminium  compound  as  indicated  by  the 
following  equation : 

CsHn  +  AljCle  =  CfiHuAlaCU  +  HCl 

Then  the  hydrogen  ion  of  the  add  breaks  the  almninium  alkyl  down, 
liberating  the  hydrogen  and  reforming  aluminium  chloride  according  to 
the  following  equation: 

CsHuAUas  +  HQ  -  COIio  +  AI2CU  +  Hj 

'  Bull.  soc.  Mm.,  42,  325  (1884);  Bcr.,  13,  157  (1880). 
*  Monatsh.,  33,  i  (1912). 
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P^e'  has  recently  shown  that  anhydrous  ahiminium  chloride  possesses 
the  power  of  transporting  chlorine  to  organic  compounds.  In  a  very  few 
cases,  we  have  suspected  it  of  having  similar  properties,  although  the  evi- 
dence at  hand  is  not  entirely  conclusive. 

Another  reaction  which  is  more  or  less  closely  related  to  those  described 
helow,  is  the  synthesis  of  anthraquinone  from  phthalic  anhydride  and 
benzene,  by  means  of  aluminium  chloride  and  sulfuric  add.  At  first 
glance  the  chloride  might  be  regarded  as  a  dehydrating  agent.  A  care- 
fnl  examination  will  show,  however,  that  the  reaction  brought  about  by 
aluminium  chloride  is  not  condensation  at  all  but  an  addition  reaction, 
dehydration  being  brought  about  by  means  of  concentrated  sulfuric  acid, 
as  may  be  shown  by  the  following  equation: 

xxK  N:ooH 

The  final  reaction  in  which  a  molecule  of  water  was  removed  was  brought 
about  by  means  of  sulfuric  add: 

COi/^   ^CiH.  -I-  H,S04  -  Qh/^  ^>C«H4  +  H,0  +  HjSO. 
^COOH  ^CCK 

RTyrimental  Part* 

The  first  experiments  in  which  it  was  observed  that  aluminium  chloride 
bad  dehydrating  properties  were  made  by  one  of  us  and  Poppe'  with 
pinene,  diloral  and  alttmiiiium  dikxride.  These  substances,  when  brought 
together  at  the  ordinary  room  temperature  undergo  an  extremely  com- 
l^x  reaction,  forming,  as  one  of  the  condensation  reactions,  substances 
wbidi  do  not  contain  oK3rgen.  It  was  naturally  inferred  that  in  this 
part  of  the  reaction,  pinene  and  diloral  must  have  combined  through  the 
elimination  of  water.  Ji^  how  the  reaction  takes  place  has  not  yet 
been  determined  with  absolute  certainty.  The  natural  inference  is, 
however,  that  ahiminium  chloride  in  some  part  of  the  reaction  plays  the 
part  of  a  dehydrating  reagent.  Poliowmg  out  the  assumption  that  water 
is  eliminated  from  pinene  and  chloral  by  aluminium  diloride,  the  various 
groups  of  organic  compotmds  were  substituted  for  pinene.  In  each  case 
theory  became  fact,  for  in  each  case  the  chloride  acted  as  a  plain  dehydra* 
ting  reagent. 

Our  first  experiments  with  anisol  and  phenetol,  chloral  and  aluminium 

diloride  showed,  as  was  suspected  in  otn*  work  on  the  terpenes,  that  the 

latter  acts  exactly  like  concentrated  sulfuric  add  in  removing  a  molecule 

of  water  and  forming  a  trihalogen  condensation  product.    Some  of  this 

^  Ann,,  135,  196  (1884). 

'  Contribution  to  Our  Knowledge  o£  tht  Terpeaes^  Frankforter  and  Poppe.    Read 
before  International  Congress  of  Applied  Chemistry,  New  York*  19x2* 
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series  of  compounds  had  been  previously  prepared  by  the  Baeyer  or  sul- 
furic acid  reaction.  None,  however,  had  been  prepared  by  means  of 
alimiinium  chloride.  In  fact,  a  number  of  these  ether  derivatives  were 
prepared  for  the  first  time  by  the  aluminium  chloride  method  and  reported 
by  us  at  the  Eighth  International  Congress  of  Applied  Chemistry  at  New 
York,  1912. 

Experimental  work  soon  showed  that  this  peculiar  action  of  aluminium, 
chloride  is  by  no  means  confined  to  the  phenol  ethers.  On  the  contrary 
it  appeared  to  be  almost  as  universal  in  its  application  as  a  dehydrating 
,Teag^nt  as  sulfuric  add.  We  have  used  it  in  preparing  condensation  prod- 
ucts of  the  aliphatic,  the  benzene,  the  naphthalene  and  the  anthracene 
series,  not  only  with  chloral  but  also  with  chloral  hydrate  and  bromal. 

General  Method  of  Preparation. — In  the  preparation  of  the  compounds 
which  appear  in  this  paper,  the  reactions  were  practically  all  brought  about 
in  the  same  manner.  The  two  reacting  components  were  first  mixed 
and  after  cooling  to  zero  or  below,  aluminium  chloride  was  added  in  small 
portions  and  the  whole  allowed  to  stand  for  24  to  72  hrs.  in  a  freezing  mix- 
ture. In  each  case  the  reaction  seemed  to  have  been  completed  within 
the  above  mentioned  time  limits.  After  the  reaction  had  been  completed, 
the  whole  mass  was  washed  with  water  and  distilled  with  steam  in  order 
to  remove  the  unchanged  reacting  components.  The  condensation 
product  was,  in  most  cases,  removed  by  extracting  with  ether  fnmi  which 
it  usually  crystallized.  Those  substances  which  refused  to  crystallize 
from  ether  were  invariably  found  to  crystallke  firom  chloroform  or  alco- 
hol. In  a  very  few  cases  the  substance  could  only  be  obtained  in  a  semi- 
oystalline  form,  in  which  case  the  constant  melting  point  was  regarded  as 
sufficient  evidence  that  the  substance  was  pure  enough  for  analyms.  In 
a  few  cases  the  substance  had  to  be  distilled  in  vacuo  before  it  would 
crystallize  from  ether,  alcohol  or  any  otiier  organic  solvents. 

Condensation  of  the  Aliphatic  Hydrocarbons,  Chloral  and  Aknmmuim 
Chloride. — ^Pentane  and  chloral  react  vigorously  when  brou^t  together 
in  the  presence  of  aluminium  chloride.  So  extremely  violent  is  the  re- 
action that,  even  at  a  freezing  temperature  it  is  complex,  giving  as  a  re- 
sult several  substances,  none  of  which  has  been  obtained  quite  pure  enough 
for  analysis.  It  is  evident,  however,  that  the  condensation  reaction 
takes  place  eliminating  a  molecule  of  water.  This  and  other  experiments 
with  the  aliphatic  compounds  are  under  investigation. 

Condensation  of  ihe  Aromatic  Hydrocarbons,  Chloral  and  Aiurmmum 
Chloride.^-It  was  found  that  the  aromatic  hydrocarbons,  when  treated 
with  chloral  in  the  presence  of  aluminium  chloride,  formed  the  same 
condensation  products  obtained  by  other  condensation  reagents.  Thus, 
benzene,  toluene  and  xylene  gave  their  own  characteristic  condensation 
compounds  according  to  the  common  equation: 


Digitized  by  C^OOQIC 


ACTION  OP  CHLORALt  ETC.,   ON  (MKGANIC  COMPOUNDS.  1515 

2RH  +  OCH  —  ecu  +  AliCU  «  R,CH  —  CO,  +  H,0  +  AliCU, 
when  R  represents  the  phenyl,  toluyl  and  the  xylyl  groups. 

It  should  be  stated  here  that  benzene,  chloral  and  aluminium  chloride 
have  recently  been  studied,  but  different  investigators  have  obtained 
entirely  different  results.  Thus,  Combes,^  by  treating  1000  g.  of  benzene 
with  200  g.  of  chloral  and  40  g.  of  aluminium  chloride,  obtained  an  ex- 
tremely complex  reaction.  No  less  than  four  different  substances  were 
isolated: 

1.  Diphenylchloral  hydrochloride,  (C6H6)2CH-CCUHa  (liquid  with  an 
aromatic  odor). 

2.  Diphenyldichloroethane,  (C«H6)tCHCHClf,  solid,  m.  p.  74**. 

3.  Compound  of  unknown  composition,  CtsHiTCl,  solid,  m.  p.  83°. 

4.  Tetraphenylethane,  (CaHOiCH-CHCCeKU),. 

Biltz^  obtained  the  following  results  by  treating  benzene  and  chloral 
with  aluminium  chloride: 

1.  Tetraphenylethane,  (CeH6)«CH-CH(C«H»),,  solid,  m.  p.  207°. 

2.  Diphenyldichloroethylene,  (QHOiC^CCli,  solid,  m.  p.  80**. 

3.  Triphenylvinyl  alcohol,  (CeH»)sC  =  C(OH)CeH»,  solid,  m.  p.  136 "",  and 

a  substance  of  unknown  composition  with  a  melting  point  of  233  ^. 

Bdeseken*  very  recently  (since  an  abstract  of  this  paper  was  read  at  the 
8th  International  Congress)  repeated  the  work  of  Combes  and  Biltz. 
He  explained  the  reaction  by  assuming  that  diphenylmethane  and  chloro- 
form are  formed.  This  work  was  not  absolutely  proven,  as  he  himself 
states. 

Of  equal  interest,  along  this  line,  is  the  work  of  Dienesmann,^  who, 
upon  treating  looo  g.  of  benzene  with  aoo  g.  of  chloral  and  40  g.  of  alumin- 
hnn  chloride  in  the  cold,  obtained  a  reaction  which  he  expressed  as  fol- 

^'  C^H«  +  OCH-CCU  =  CeH*(OH)CH-CCU 

In  other  words,  Dienesmaim  obtained  the  aldol  reaction  in  which  a  sec- 
ondary alcohol  is  formed.  It  is  interesting  to  note  that  this  compound 
is  doubtless  the  same  which  Jotsitch*  obtained  by  means  of  the  Grignard 
reaction. 

Dienesnuum's  reaction  is  of  special  interest  because  he  worked  under 
conditions  somewhat  similar  to  those  under  which  we  have  worked. 
The  results  obtained,  however,  were  entirely  different.  This  is  rather 
strange^  because  the  only  difference  in  the  experimental  work  seems  to  be 
the  fact  that  he  took  a  large  excess  of  benzene  while  we  took  exactly  two 

*  BnU.,  45,  236  (x886). 
*B«f.,  26,  1952  (1893). 

*  Chem,  Zwtr.,  xgia,  I,  897. 

*  Compt.  rend.,  141,  201  (1905)- 

*  J,  Russ.  Phys.  Chem.  Soc.,  34,  96  (1902). 
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molecules.  He  kept  the  reacting  substances  cool  (he  does  not  state  how 
cool)  while  we  kept  the  temperature  down  to  zero  or  below.  In  our  ex- 
periments the  aldol  reaction  did  not  take  place  and  the  secondary  alcohol 
was  therefore  not  formed.  On  the  contrary,  we  obtained  a  simple  condensa- 
tion reaction. 

A  glance  at  the  Dienesmann  reaction  will  show  that  it  represents  what 
one  would  expect  from  either  the  Friedel-Crafts  or  of  the  Grignard  reac- 
tion. It  is  at  least  interesting  to  note  that  we  have  obtained  quite  differ- 
ent results  from  those  obtained  by  Dienesmann  by  simply  changing  the 
conditions  under  which  the  reaction  takes  place,  namely,  changing  the 
proportions  of  the  reacting  components  and  the  temperatture.  From  the 
important  work  of  Dienesmann  and  from  the  experiments  which  follow, 
it  is  evident  that  aluminium  chloride,  under  one  set  of  conditions,  acts  as 
a  simple  catalyst,  while  under  different  conditions  it  plays  the  part  of  a 
dehydrating  reagent. 

The  following  table  will  show  the  relationship  between  the  Grignard, 
the  Friedel-Crafts  and  the  Baeyer  reactions  as  compared  with  the  one 
given  in  this  paper. 

Grifpiard. 
CH,  -f  Mg  +  I.  +  OCH-CCU  -  C«H4CH(OH)CCl,  -h  Mgl, 

Ptledei-Oafts. 
CeHu  +  OCH-^CCl,  -f  A1,C1«  «  C«H»-CH(OH)CCli  +  AiiCU 

Bacycr. 

2Caii  +  OCH-<:Cli  -f  H,S04  -  (C«Hi),CH-CCU  -f  H,0  +  HjSO* 

Frankforter-KritdieTsky. 

2C«H«  +  OCH-CCU  +  AltCU  =  (COIOCH-CCU  +  H,0  +  AhCU 

Benzene,  Chloralhydraie  and  Alumimum  CUaride. — ^Benzene  reacts  with 
chloralhydrate  in  the  presence  of  aluminium  chloride  almost  as  vigorously 
as  does  pentane,  so  that  it  was  also  necessary  to  bring  the  reaction  about 
at  a  low  temperature.  The  first  experiment  was  carried  out  as  follows: 
50  g.  of  piue  benzene  (2  mol),  57  g.  of  chloralhydrate  (1V4  mol)  were 
cooled  down  to  zero,  and  with  constant  shaking  10  g.  of  aluminium  chloride 
added  piecemeal.  As  in  the  case  ci  pentane,  hydrodiloric  acid  was 
Uberated  and  the  whole  changed  to  a  light  blue  color.  After  allowing  it  to 
stand  for  48  hrs.  the  whole  mass  was  poured  into  water  and  distilled  with 
steam.  The  unchanged  benzene  passed  over  with  the  steam.  It  was 
found  that  only  a  comparatively  small  quantity  of  benzene  had  been  acted 
upon  by  the  chloralhydrate  as  most  of  the  benzene  was  recovered  and  the 
residue  appeared  to  be  unchang^  chloralhydrate  and  aluminium  chloride. 
The  experiment  was  repeated,  using  the  same  amounts  of  benzene  and 
chloralhydrate  but  increasing  the  aluminium  chloride  to  one^half  mole- 
cule. Again  a  considerable  quantity  of  the  benzene  remained  unchanged. 
There  was  left  in  the  flask,  however,  in  addition  to  the  chloralhydrate  and 
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aluminium  chloride  a  thick  black  oil  which  did  not  appear  in  the  first  ex- 
periment, but  the  amount  was  too  small  for  further  investigation. 

The  above  experiments  were  again  repeated,  using  a  large  amount  of 
aluminium  chloride  in  order  to  show  whether  or  not  the  quantity  of  chlor- 
ide in  any  way  changed  the  reaction.  The  same  amounts  of  benzene 
and  chloralhydrate  were  taken  but  the  aluminium  chloride  was  increased 
to  175  g.,  and  added  piecemeal  as  before,  to  the  cooled  benzene.  During 
the  adding  of  the  chloride,  which  extended  over  four  hours,  the  tempera- 
ture was  not  allowed  to  rise  above  zero.  Again,  a  large  amount  of  hydro- 
chloric add  passed  off  and  the  whole  mass  changed,  taking  on  a  deep  blue 
cokMT.  After  all  the  chloride  had  been  added  the  whole  mass  was  allowed 
to  stand  48  hrs.  in  a  refrigerator.  During  this  time  more  hydrochloric 
add  was  liberated.  Ice-water  was  then  added  and  the  mixture  allowed 
to  stand  for  some  time.  The  whole  was  finally  distilled  with  steam. 
The  steam  distillate  contained  only  a  small  amount  of  benzene  and  a 
small  quantity  of  an  oil  which  had  a  higher  boiling  point  than  benzene, 
thus  indicating  that  the  increase  of  aluminium  chloride  had  increased  the 
reaction.  The  residue  in  the  flask,  consisting  of  a  thick,  dark  oil,  was 
washed  with  water  and  extracted  with  ether.  The  ether  solution  had  a 
deep  greenish  fluorescence.  The  mixture,  containing  both  the  ether  and 
aqueous  solutions,  was  washed  with  sodium  hydroxide  and  finally  with 
dilute  hydrochloric  add.  The  ether  solution  was  then  separated  from 
the  aqueous  part,  dried  over  caldum  chloride  and  the  ether  allowed  to 
evaporate.  The  residue  left,  after  evaporating  off  the  ether,  was  a  black, 
oily  liquid.  An  examination  indicated  that  it  was  a  mixtiu-e  of  several 
substances.  In  order  to  separate  them  the  oil  was  subjected  to  fractional 
distillation  in  vacuo.  The  first  part  of  the  distillate  passed  over  almost 
cdorless  at  180^  and  55  mm.  presstue.  It  had  a  distinctly  aromatic  odor. 
It  was  soluble  in  all  the  common  organic  solvents,  but  refused  to  crys- 
tallize from  any  of  them.  It  was  carefuUy  studied  and  analyzed.  Both 
physical  properties  and  analysis  correspond  exactly  with  the  compound, 
CJHjCCla-CHO.HCl,  which  Combes^  prepared.  In  this  part  of  the 
reaction,  therefore,  aluminium  chloride  apparently  played  the  part  of  a 
catalyst  as  indicated  by  the  following  equation: 

CeEU  +  CCUCHO  +  AlaO^  «  C«Hr-CCliCHO.HCl  +  A1,C1<,. 
Fractional  distillatioa  was  continued  when  the  second  part  distilled 
over  between  220^  and  245^.  Most  of  it  solidified  in  the  condenser  in 
the  form  of  fine  crystals.  It  was  removed  and  recrystallized  from  alcohol 
and  ether.  After  crystallization,  it  appeared  as  well-formed,  transparent 
crystals  with  a  melting  point  of  63-64^.  It  corresponds  exactly  with  di- 
phenyltrichlorethane,   (CfH»)»CH-CCla,  whidi  Baeyer*  obtained  by  the 

>  BnU.,  45,  226  <i886). 

*5«r.,  5,  1098  (1873). 
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condensation  of  benzene  with  chloral  by  means  of  concentrated  sulfuric 
acid.    Analysis  also  confirmed  the  reaction. 

It  is  evident  from  the  results  obtained  that  aluminium  chloride  played 
a  double  role.  In  the  formation  of  the  above-mentioned  hydrochloride, 
rts  action  is  not  tmUke.  the  Friedel-Crafts  catalysis.  In  the  formation 
of  the  diphenyl  compound,  however,  it  acts  exactly  Kke  concentrated  sul- 
furic acid. 

Toluene,  Chloral  and  Aluminium  Chloride. — It  was  found  that  chloral 
reacted  with  toluene  in  the  presence  of  aluminium  chloride,  forming  a 
condensation  product  similar  to  its  reaction  given  above  with  benz^e. 
300  g.  of  toluene  were  treated  with  300  g.  of  chloral  and  175  g.  of  alulmin- 
ium  chloride  imder  the  same  conditions  mentioned  under  benzene,  and 
finally  distilled  in  vacuo.  An  oil  passed  over  at  170-180°  under  30  mm. 
pressure  with  some  hydrochloric  acid.  The  oil  wiis  dissolved  in  a  mix- 
ture of  alcohol  and  ether  and  allowed  to  stand,  when  well-formed,  trans- 
parent crystals  separated  out.  Recrystallized,  it  had  a  m.  p.  of  88**. 
Analysis  gave  the  following:    C,  61.20,  H,  4.82,  and  CI.  33.5. 

These  analyses,  with  the  physical  properties  of  the  substance,  leave  no 
doubt  that  it  is  f -ditoluyltrichloroethane,  (CH,-CeH4)2CHCCl«,  prepared 
by  Fischer  from  toluene,  chloral  and  concentrated  sulfuric  acid. 

p-Toluyldichloroacetaldehydehydrochloride, — During  the  process  of  dis- 
tillation in  preparing  the  ditoluene  compound,  an  oil  passed  over  in  addi- 
tion to  the  crystals  already  described.  It  was  carefully  studied  and  found 
to  be  a  homolog  of  the  Combes  benzene  derivative.  It  therefore  has 
the  following  formula: 

CHj.QHi-CCljCHO.HCl. 
We  are  unable  to  satisfactorily  explain  the  structiu^  formula  of  this 
peculiar  compound,  the  benzene  derivative  of  which  was  prepared  by 
Combes,*  who  represents  the  one  which  he  isolated  by  the  above  general 
formula.  We  hope  in  the  near  future  to  carefully  study  the  structure 
of  these  peculiar  compounds. 

Xylene,  Chloral  and  Aluminium  Chloride, — Following  the  same  process 
used  in  the  preparation  of  the  benzene  and  toluene  condensation  products, 
xylene  was  treated  with  chloral  in  the  presence  of  aluminium  chloride. 
One  hundred  grams  of  xylene,  98  g.  chloral  and  80  g.  of  aluminium  chloride 
were  brought  together  as  in  previous  experiments,  and  finally  distilled 
in  vacuo,  A  perfectly  dear  oil  with  an  aromatic  odor  distilled  over  between 
190  and  220®  at  25  mm.  pressure.  It  readily  changed  over  to  crystals, 
which,  after  recrystallization  from  alcohol,  had  a  melting  point  of  106^.  A 
careful  examination,  including  analyses,  showed  that  the  substance  was 
identical  with  m-dixylyltrichloroethane  prepared  by  Elbs  from  xylene 
chloral  and  sulfuric  acid.  In  this  case,  however,  only  one  substance,  the 
*  Loc.  cit. 
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one  mentiaaed  above,  was  fonnecL  Heace,  aluminium  diloride  did  not 
play  the  role  of  the  Priedel-Crafts  catal3rtic  agent. 

Cymene,  Chloral  and  Alumimum  Chloride. — C3rmene  was  also  treated 
in  the  usual  way  wiHi  ehloral  and  ahumnmm  chloride,  but  was  found  to 
react  quite  differently  from  any  of  the  other  hydrocarbons,  doubtless  owing 
to  its  peculiar  relationship  to  the  terpenes.  50  g.  of  cymene  (2  niol)» 
30.8  g.  of  chloral  and  25  g.  of  aluminium  chloride  were  brought  together 
under  exactly  the  same  conditions  as  in  the  other  hydrocarbons,  and  finally 
subjected  to  fractional  distillation  tmder  diminished  pressure. 

The  first  distillate  which  passed  over  was  a  thick  liquid  at  220^  and  at 
33  mm.  pressure.  The  product,  before  subjecting  to  distillation,  was 
doubtless  an  ot^ganic  aluminium  compound,  which  was  found  to  be  solu- 
ble in  both  alcohol  and  ether  but  which  refused  to  crystallize  from  either. 
The  distillate  contained  no  aluminium  and  only  a  trace  of  chloral.  It 
proved  to  be  an  unsattffated  compound  absorbing  bromine  with  great 
avidity.  None  of  the  derivatives  formed,  however,  could  be  obtained  in 
pure  enough  form  for  analysis. 

Condensation  of  Alcohols,  Phenols  and  Phenol  Ethers  with  Chloral, 
Chloral  Hydrate  and  Bxomal  by  means  of  Aluminium  Chloride. 

Alcohol,  Chloral  and  Aluminium  Chloride. — ^When  alcohol  and  chloral 
are  brought  together  the  temperattu'e  rises,  and  as  is  already  known,  a 
liquid  is  formed  which  may  be  easily  identified  as  trichloroacetal.  As 
we  were  especially  interested  in  the  chloral  reactions  which  take  place  in 
the  presence  of  aluminium  chloride,  the  following  experiment  was  tried: 
Seventy  grams  of  absolute  alcohol  were  placed  in  a  flask  and  cooled  down 
to  below  zero  by  ice- water  and  ammonium  nitrate;  100  g.  of  chloral  and 
25  g,  of  aluminium  chloride  were  quickly  added  and  vigorously  shaken. 
A  turbid  mass  indicated  that  the  reaction  which  had  taken  place  was  the 
same  as  that  which  takes  place  with  alcohol  and  chloral  alone.  However, 
when  the  chloride  was  added  under  ordinary  conditions,  the  temperature 
rose  and  hydrochloric  acid  was  liberated.  By  adding  70  g.  mpre  of  the 
chloride  and  allowing  to  stand  for  48  hoiu-s,  the  reaction  appeared  to  have 
entirely  changed.  The  mass  thus  treated  was  poured  into  ice-water  and 
the  insoluble  part  and  extracted  with  ether.  The  extract  was  dried  with 
calcium  chloride,  the  ether  evaporated  off  and  the  residue  subjected  to 
fractional  distillation.  A  small  part  passed  over  below  the  boiling  point 
of  ether.  It  had  a  sharp  pimgent  odor.  The  second  distillate  was  easily 
recognized  as  common  acetaldehyde.  Then  some  ether  passed  over  and, 
at  about  100**,  chloral  hydrate.  After  the  above  isubstances  had  been  re- 
moved, the  temperatiu*e  rapidly  rose  to  170-200®,  when  a  distinctly  aro- 
niatic  oil  distilled  over.  After  redistillation,  it  boiled  at  197*'.  It  had 
the  general  physical  properties  of  trichloroacetal. 
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The  appreciable  quantity  of  acetaldebyde  would  indicate  that  chloral 
acts  as  an  oxidizing  agent. 

We  were  somewhat  surprised  to  find  that  the  trichloroacetal  formed  in 
this  resjdtion  did  not  possess  all  of  the  jMroperties  genexally  ascribed  to  it 
It  may  be  of  interest  here  to  note  that  an  isomer  of  tricbloroacetal  was 
obtained  by  Liebens.^  It  is  not  impossible  that  the  above  substance 
is  the  one  which  Liebens  describes. 

Benzyl  Alcohol,  Chloral  and  Alumimum  Chloride. — Tfae  roaction  be~ 
tween  benzyl  alcohol  and  chloral  is  less  energetic  than  between  common 
alcohol  and  chloral;  so  much  so,  in  fact,  tljtat  the  reaction  may  be  brought 
about  at  the  ordinary  room  temperature.  The  reaction  was  brought 
about  as  follows:  75  g.  of  benzyl  alcohol,  50  g.  of  chloral  and  45  of  alu- 
minium chloride  were  brought  tog^her .  at  room  temperattu-e.  The  action 
began  immediately.  Hydrochloric  acid  was  liberated  and  the  whde 
mass  changed  to  a  chocolate-brown  color.  The  mass  was  allowed  to  stand 
for  34  hours  and  then  treated  with  water  in  order  to  remove  the  unchanged 
chloral  and  the  aluminium  chloride.  The  residue  was  then  distilled 
^th  st^am.  That  w^iqh  pa^d  over  was  extracted  with  ether,  the  latter 
removed  and  the  extracted  substance  subjected  to  distillation.  Most  of 
it  passed  over  at  173^  and  was  identified  as  benzaldehyde.  It  would  ap- 
pear, therefore,  that  chloral  in  this  particular  case  acts  as  an  oxidizing 
reagent,  changing  the  benzyl  alcohol  to  the  aldehyde. 

The  mass  which  remained  in  the  flask  was  extracted  with  ether,  the  ethe- 
real solution  washed  with  water,  dried,  and  the  ether  removed  by  evapora- 
tion; the  residue  was  then  subjected  to  distillation.  It  distilled  over  at 
from  150-300^,  thus  indicating  by  the  variable  boiling  point  that  the  sub- 
stance is  a  mixture  of  two  or  more  compounds.  It  is  a  liquid  at  the  ordi- 
nary temperature.  It  proved  to  be  organic,  but  it  contained  a  large 
amotmt  of  chlorine.  It  also  gave  the  aldehyde  reaction.  In  order  to  ob- 
tain it  in  a  pure  enough  form  for  analysis  it  was  again  subjected  to  dis- 
tillation. Unfortunately,  we  were  unable  to  obtain  a  substance  with  a 
constant  boiling  point.  As  this  substance  is  of  considerable  interest 
it  has  been  set  aside  for  ftuther  investigation  as  soon  as  time  will  permit. 

Phenol,  Chloral  and  Aluminium  Chloride. — Forty-nine  grams  of  phenol, 
40  g.  chloral  and  35  g.  of  aluminium  chloride  were  brought  togethef  under 
conditions  already  mentioned,  and  allowed  to  stand  for  two  da3rs  at  freez- 
ing temperature.  Hydrochloric  acid  gas  was  liberated  in  large  quantities. 
The  whole  mass  was  then  treated  with  water  and  finally  distilled  with 
steam.  That  which  was  left  in  the  distilling  flask  was  a  reddish  brown, 
waxy  mass  with  a  distinct  phenol  odor.  The  waxy  substance  was  thor- 
oughly washed  with  water.  The  odor  of  phenol  slowly  disappeared 
and  the  substance  changed  to  a  semisolid.  The  substance  thus  purified 
^  Ann.,  104,  114  (1857). 
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was  qidte  aoliible  m  alcohol  and  ether,  from  which  it  refused  to  ays- 
talliie.  Benzene  dissolved  a  part  readily,  while  a  part  was  quite  insdu^ 
bk.  The  insoiulde  part  appeared  as  a  fine  crystalline  powder.  The 
snbstance  was  filtefed  off,  washed  with  benzene,  was  finally  recrystallized 
bom  acetic  acid,  in  which  it  is  very  soluUe.  Thus  purified,  the  substance 
melted  at  212^  and  analyses  gave  numbers  which  oorce^x)nd  to  ^-di- 
hydrozydiphenyltrichloroethane,  which  was  obtained  by  ter  Meer^  by 
treating  ddoral  and  phenol  with  concentrated  sulfuric  add*  To  prove 
the  constitution,  however,  the  compound  was  converted  into  an  acetyl 
derivative  whidi  had  a  m.  p.  of  ij8^ — ^the  same  which  ter  Meer  found  for 
the  substance  obtained  from  sulfuric  add.  The  part  whidi  was  soluble 
in  benzene  is  a  dark  brown,  resinous  powder  which  contains  chlorine. 
This  substance  is  new  and  is  now  being  studied. 

Diresarcylddchloroethylene. — ^Resordn  and  diloral,  when  brought  together, 
do  not  combine  with  eadi  other,  but  the  chloral  is  absorbed  by  the  solid 
resordn  forming  a  solid  mass.  The  substances  were  therefcM-e  first  dis- 
sdved  in  carbon  disulfide  before  adding  the  diloride.  Twenty-five 
grams  of  resorcin  and  20  g.  of  chloral  were  dissolved  in  200  g.  of  carbon 
disulfide  and  20  g.  of  aluminium  chloride  cautiously  added.  The  conden- 
sation product  was  purified  by  treating  with  water  and  steam  and  finally 
from  alcohol  and  acetic  add.  The  substance  thus  purified  was  a  brown 
powder  with  an  unpleasant  odor.  It  contained  a  considerable  quantity 
of  ahimininm.  It  attadaed  the  eyes  vigorously.  As  results  were  not  very 
satisfactory  the  three  subatancffs  were  brought  together  in  different  pro- 
portions. Twenty  grams  of  resorcin»  40  g.  of  chloraland  isg.  of  alumixuum 
diloride  were  brought  together  as  indicated  above.  After  thoi:oughly 
purifying,  the  substance  appeared  as  a  light  brown  powder  without  odor. 
It  contained  some  inorganic  matter,  presumably  aluminium  chloride. 
It  was  pudfied  by  dissolving  in  alcohol  and  repredpitated  with  dilute 
hydrochloric  add.  By  repeating  this  process  several  times  the  powder 
was  obtained  practically  free  from  aluminium. 

Analysis  gave:    C  »  53  63,  H  -  3 .3P»  CI  »  22 .  77.    C«lc.  for  Cai(C«Hi(OH)s)i: 
C  -  53.33,  H  -  3.ai.  CI  ^  22.44. 

Tetradcetyldiresorcyldichlaroethylene. — ^In  order  to  determine  the  number 
of  hyditncyl  groups  in  the  above  resorcyl  derivative  it  was  treated  with 
acetic  anhydride  and  the  substance  thus  formed  purified  and  analyzed. 
Five  grams  of  the  resorcyl  compound,  5  g^  of  dry  sodium  acetate  and  25 
g.  of  acetic  anhydride  were  heated  to  boiling  for  three  hours.  The  excess 
of  anhydride  was  changed  to  the  ester  with  alcohol  and  ester  distilled  off. 
The  light  brown  powder  was  left,  which,  on  examination,  appeared  to  be 
the  pure  acetic  ester. 

Analysis  gave:    CI  -^  14.70.    Calc:  CI "-14.57. 
»  Ber.,  7,  1200  {1874). 
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Anisol  Chloral  and  Aluminium  Chloride^ — Dianisyltridiloroethfliic 
Was  prepared  in  the  fc^owing  manner:  loo  g.d  BmscA  (2  mol),  80  g, 
of  "Chloral  <rVj  niol)  were  brought  together  and  cookd  to  o**.  Twelve 
grams  of  aluminittm  chloride  were  added  in  small  portions  and  with  fre- 
quent shaking.  The  mass  became  thick  and  changed  to  a  dark-  gieen 
color.  It  was  kept  at  a  freezring  temperatm^  Cor  24  hrs.  After  the  esD- 
cess  of  chloral  and  alnminium  chloride  had  been  remo^red  -by  means  of 
Wainm  water,  the  dtibstanee  was  pmrified,  first  by  sttam  distSflation  and 
finally  by'c^staDi2ation  ft'om  hot  alcohol.  After  recrystallusfaig  several 
times  the  substance  appeared  as^thick,  shiny,  tran^arent  oystals.  They 
were  soluble  in  nearly  all  of  the  common  organic  solvents  and  had  a  melt- 
ing point  of  78®. 

Analyses  checked  for  the.  formula,  (CHiOC«H4)««CHCa«. 
'  Elbs  is'  supposed'  to  have  prepared  this^  substance  by  condensation  of 
anisol  and  chloral  hydrate  by  means  of  ccmCentrated  ^ilfuric  add.  The 
Elbs  substance,  'a^^peared  at  first  to  be  d  different  cbotpotmd  from  tiie  one 
given  aboS^,  inasmudi  as  he  gave  the  m.  p.  as  ^2  ^.  In  order  to  determine 
Whether  or  not  tM  two  substances  are  really  the  same,  Elbs'  experiment 
wds  repeated.  As  a  result  crystals  were  obtained  which  wiere  identical 
Mth  those  obtained  with  aluminium  chlc^de.  The  crystals  did  not  have 
the  m.  p.  92^,  as  given  by  0bs,  but  78^,  the  same  as  the  compound  ob- 
tained withaluminhun  chloride. 

In  order  to  study  the  consttttition  of  diantsyltricMoroethaiie  more 
fully,  it  was  reduced  by  means  of  zinc.  Ten  grams  of  the  compound  were 
placed  in  a  flask  connected  with  a  reflux  condenser  with  100  cc.  of  akohcd. 
Ten  grams  of  zinc  diist,  together  with  strong  alcbholic  ammonia,  were 
added  and  the  whole  mass  heated  on  a  wetter  bath  for  sixteen  his.  The 
insoluble  substance  was  then  filtered  off  and  the  filtrate  allowed  to  stand 
when  fine  needle-shaped  crystals  separated  out  with  a  melting  point  of 
212%  the  same  that  Kopp^  and  Weichell^  obtained  for  p-dimetiioxystil- 
bene. 

Dianisyldichloroethylene. — ^This  substance  was  obtained  by  treating 
dianisyltrichloroethane  prepared  from  anisol,  chloral  and  aluminium 
chloride  with  alcoholic  potash.  The  experiment  was  carried  out  as  follows : 
15  g.  of  the  anisyl  compound  were  placed  in  a  flask  and  heated  with  alco- 
holic potash  on  a  water  bath  connected  with  a  reflux  condenser  for  12 
hours.  At  the  end  of  that  time  the  alcohol  was  evaporated  off  and  the 
inorganic  substance  removed  by  warm  water  in  a  separatory  hmnd.  The 
dianisyldichloroethylene  was  then  dried  and  recrystallized  trom  hot  alco- 
hol.   The  m.  p.  was  109  % 

Analysis  gave  the  following:    CI  *-  22.58.    Calc,  22.79. 
»  Ber.,  25,  603  (1892). 
« Ann.,  279,  341  (1894)- 
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O4taHitf&dkmi3yllrkhloroethixn0. — The  bctonitro  compotoid  was  easily 
prepared  by  tfeatin|:  the  dianlsyltricblardethaiie  with  fuming  nitric  add. 
Five  grams  6f  dianisyltrichloroethane  were  brought' in  contact  witli  ^o 
cc.  of  faming  nitric  acid  kfter  first  btitig  codled  down  to  o^.  The  acid 
was  added  slowly  and  the  whok  allowed  to  statid  over  night.  The  whole 
mate  was  then  poured  into  water  when  the  nitrd  compound  separated 
out.  It  was  purified  by  crystallizing  from  alcohol.  The  substance  thus 
obtaiiied  was  a  beautiful  light  ydlow,  fek-like  mass  of  crystals.  The 
«.  p.  was  173**. 

•       Analjr^Save  the  fdllowuisr: '  N  **  15.89.    Cafc.,  15.95.' 

Phenetol,  Chloral  and  Aluminium  Chloride,^— ChiotBi  reacts  with  phene- 
tol  in  the  presence  of  alimnnium  chloride,  forming  anatlogous  compounds 
to  those  aheady  described  with  anisol. 

Dipkenetyltnchloroetkane. — ^Fifty  granis  of  phenetol;  50  of  chloral  and 
10  of  aluminium  chloride  Were  treated  according  to  the  general  method 
already  described.  After  the  reaction  Was  completed  the  compound  "was 
removed,  excess  of  the  reagents  removed  by  means  of  water  and  finally 
recrystallized.  The  substance  obtained  proved  to  be  colorless,  hexagonal 
crystals  witM  a  ^arp  m.  p.  of  105**. 

Analysis  of  the  dried  substance  gave  the  following: 

Found:  C  «  ^7.4»57.55;H  =  5.33,  4.60;  Cl  -  28.59,28.44.     Calc.O-  5795; 
H  •  5.09;  CI  •■  28.4a. 

As  the  substance  proved  to  be  of  unusual  interest,  we  undertook  to 
piepare  it  by  using  concentrated  sulfuric  add,  assuming  that  we  should 
find,  in  this  case,  exactly  what  we  found  in  the  case  of  anisol,  that  the  same 
identical  substance  is  formed  whether  the  reaction  is  brought  about  with 
aluminium  chloride  or  concentrated  sulfuric  add  as  a  condensation  re- 
i^^eat.  We  obtained  With  sulfuric  add  beautiful  transparent  crystals 
whidi,  after  crystallizing  from  aIcoh<d,  melted  at  104*^,  the  same  as  the 
compound  prepared  from  aluminium  chloride. 

Diphenetytdichloroethylene. — ^This  compound  may  be  easily  prepared 
by  heating  diphenetyhridiloroethane  with  alcoholic  potash.  The  dichloro 
compound  was  purified  from  hot  alcohol.  It  crystallizes  in  fine  needles 
^d  melts  at  97^.  The  crystals  are  solnble  in  all  the  common  organic 
solvents. 

Analysis  gave  tbe  following:    CI  ->  20.96.     Calc:  CI  *  20.84. 

p-DiethoxysHWen, — This  compound  was  prepared  by  reduction  of  the 
diphenetyldichloroethylene  with  zinc  dust  and  alcohol  and  ammonia. 
'I^c  compound  crystallizes  in  fine  needles.  It  is  moderately  soluble  in 
'^^iizene  but  With  difiiculty  in  all  other  organic  solvents;  m.  p.  207**.  It 
is  identical  with  the  compound  prepared  from  diphenetyldiddoroethylene 
^hkh  Wiechel  prepared  by  an  entirelj^  different  method. 

Octonitrodiphenefyltrichloroeikane. — Five  grams  of  diphenetyltrichloro- 
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ethane  were  treated  with  60  cc.  of  fmning  nitric  add  at  freeziiig  tempera- 
ture for  16  hrs.»  at  which  time  the  reaction  seemed  to  be  oomfrfete.  The 
mass  was  then  poured  into  water,  the  predpitatian  removed  by  fikration, 
washed  and  recrystallized  irom  hot  alcohol.  The  substance  consisted  o[ 
fine  yellowish  needles  which  melt  at  137  ^ 

Found:  C  -  09.42,  H  »  i  .65,  N  -  i5.«6.    Calc:  C  «  29.47.  H  =  1.50,  N  * 
15.28. 

Dipheneto^tribrofnoethane. — Fifty  grams  of  phenetol  (2  mol)  and  57  g. 
(i  mol)  of  bromal  were  brought  together  in  a  Uter  flask  and  cocried  down 
too^  Ten  grams  of  aluminium  chloride  were  slowly  added  and  the  mixture 
vigorously  shaken  after  the  addition  of  each  portion  of  chloride.  It 
changed  to  a  dark  green  syrupy  Uquid.  After  standing  24  hrs.  in  ice- 
water  the  whole  mass  was  purified  by  washing  with  warm  water  and  finally 
with  steam.  The  partially  purified  xnass  was  then  crystallized  out  of  hot 
alcohol  in  yellowish  crystals  with  a  m.  p.'of  II2^ 

Analysis  of  the  dried  substance  gave  the  following: 
Found:  C  «  42. 89.  H  «  ^.81.  Br  =  47.41-    Calc:  C  ••  42-60,  H  »  3.7s,  Br  » 
47  33- 

OctonitrodiphenetyUrtbromoeikane. — Eight  grams  of  diphenetyltribromo- 
ethane  were  cooled  down  to  o^  and  60  cc.  of  fuming  nitric  add  very  slowly 
added.  .  After  standing  in  the  freezing  mixture  for  20  hrs.»  the  whole  mass 
was  poured  into  ice-water,  the  predpitate  removed^  washed  and  ays- 
tallised  from  hot  alcohol  as  yellow  oystals^  with  a  sharp  mriting  point 
of  153**,  The  substance  proved  to  be  analogous  in  every  way  to  the  octo- 
nitrodiphenetyltrichloroethane. 

Found:  N  =^  13.98^    Calc.:  N  m  12.92. 

As  the  above-mentioned  xdt^  compounds  were  easily  obtained  in 
such  remarkably  pure  form,  they  were  at  first  suppoe^  to  be  analogous 
with  those  prepared,  studied  and  analyzed  by  £lbs.^  A  careful  examina- 
tion shows,  however,  that  they  are  entirely  different  from  those  described 
by  £lbs.  We  were  somewhat  surprised  to  find  that  nitric  add,  like 
hydrochloric,  does  not  hydrolyze  the  ester  so  along  as  the  temperature 
is  kept  near  o^.  On  the  contrary,  strong  nil^c  acid  ga;ve  almost  quanti- 
tative nitro  products,  both  wilii  the  chloride  .and,  bromide  of  phenetol. 

Aluminium  bromide  was  tried  with  phenetol  and  bromal.  We  were 
surprised  to  find  that  no  reaction  took  place  in  the  presence  of  the  bro- 
mide, although  a  vigorous  reaction  took  place  when  aluminium  chloride 
was  substituted  for  the  bromide.  Aluminium  bromide,  thfsrefore,  does 
not  act  as  a  catalyst  in  this  case,  dther  in  the  ordinary  sense  of  the  term, 
breaking  off  hydrobromic  add,  or  as  a  condensation  reagent. 

Phenylether  Chloral  ami  Aluminium  Chloride. — ^As  has  akeady  been 
shown,  the  mixed  aromatic-aliphatic  ethers  are  readily  ccModensed  with 
»  y.  ptakt,  Chem.,  47»  62  (1893). 
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ddorel  in  the  pttseace  of  aluminium  chloride,  but  the  phenols  themsdves 
are  not  acted  upon  at  aH  in  the  cold,  and  slowly  when  wanned.  It  was 
therefore  of  some  little  importance  to  determine  whether  phenylether, 
or  dii^enykxdde,  really  possessed  the  stikkne^  properties  a^  the  mixed  ethers 
to  which  anisol  and  phenetol  belong.  Experiments  were  carried  out 
in  a  similar  manner,  to  those  with  mixed  ethers,  using  the  following 
proportions:  34  g.  (i  mol)  <A  the  ether,  30  g.  (r  mol)  of  ddora!  and  30 
g.  (1V4  mol)  lAmiimuhi  chloride.  After  allowing  to  stand  for  some  time, 
the  yfAxdit  was  treated  with  water  and  finally  distilled  with  steam. 
The  reddue  was  extracted  wtth  ether.  A  part  only  was  found  to  be 
soluble.  The  soluble  substance,  after  ether  had  been  retnoved,  was  a 
thick  liquid  whidh  finally  appeared  as  a  yellowish  resin.  It  contained 
aluminium  and  chlorine.  It  did  not  give  the  aldehyde  reaction.  Owing 
to  the  readiness  with  which  it  decomposed,  it  was  not  obtained  in  pure 
enou^  form  for  analysis. 

The  part  which  proved  to  be  insoluble  in  ether  was  treated  with  ben-^ 
zene.  A  part  dissolved.  The  benzene  soluble  part,  after  evaporating 
the  benzene,  appeared  as*  a  yeOowish  amorphous  powder  which  likewise 
contained  aluininiuni.  Analyses  of  the  substance  were  not  satisfactory, 
probably  on  account  of  the  fact  that  the  powder  could  not  be  obtained 
in  a  pcirfectly  pure  foitn.  The  above  experiment  wasr  repeated*  using 
different  proportions  df  substances,  but  each  time  with  the  same  results. 

Condensation  of  Ketones  with  Chloral  Hydntta  by  means  of  Aluminium 

Chloride. 

Acetaphenone,  Chlaralhydrate  and  Aluminium  Chloride. — Chloralhydrate 
combines  with  acetophenone  by  means  of  aluminium  chloride  even  in  the 
cold.  The  substance  formed  seems  to  be  complex,  containing  a  small 
quantity  of  aluminium  which  could  not  be  removed.  Best  results  were 
obtained  by  using  25  g.  (2  mol)  of  acetophenone,  16  g.  (i  mol)  of  chloral- 
hydrate,  with  15  g.  of  aluminium  chloride,  and  warming  under  the  same 
conditions  as  indicated  in  previotis  experiments.  The  product  obtained 
was  a  thick,  yellowish  oil  which  finally  changed  to  a  solid,  resinous  mass. 
It  proved  to  be  soluble  in  aH  the  common  solvents.  Vacuum  distillation 
gave  a  distillate  at  170°  and  40  mm.  It  appeared  to  be  the  result  of  de- 
composition. 

Benzophenonej  ChloralhydrcUe  and  Aluminium  Chloride. — ^While  chloral 
combines  readily  with  acetophenone,  it  apparentiy  does  not  combine 
at  all  with  benzophenone,  for  after  treating  with  chloral  in  the  presence 
of  aluminium  chloride,  no  reaction  took  place,  as  is  shown  by  complete 
recovery  of  the  original  ingredients. 

Condensation  of  Acids  with  Chloral  and  Aluminium  Chloride, — Chloral- 
alummium-monochloroacetate,  AliCl(OOCCHi)*CCUCHO.    Contrary  to 
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expectations  chlcM^  combines  with  acetic  add  or  other  monobasic  adds. 
The  first  experiment  was  as  follows:  20  g,  of  aottic  add,  25  g.  ot  chloral 
and  20  g.  of  aluminium  diloride  were  brought  together  at  <»-dinar3r  room 
temperature.  A  reaction  began  immediately  and  the  alunmium  chloride 
passed  into  solution  with  liberation  of  hydrochloric  add.  At  the  same 
time  ayellow,  pasty  mass  was  formed.  This  yellow  paste  was  first  treatecl 
with  water,  the  whole  mass  dissolvedi  and  on  evaporating  the  yeUowish 
scdid  substanqs  was  again  obtained.  An  attempt  was  made  to  distil 
it  in  vacuo,  but  it  decomposed  even  at  15  nun*  pressure*  The  experiment 
was  therefore  repeated,  but  inistead  of  treating  with  water  dry  ether 
was  used.  The  greater  part  proved  to  be  insoluble.  The  impurities, 
however,  were  insoluble.  Ether  was  used,  therefore^  in  removing  the  im* 
purities.  After  treating  several  times  with  dry  ether  the  residue  was 
dried  in  the  vacuum  defecator.  The  substance  thus  purified  proved  to 
be  insoluble  in  most  of  the  organic  compounds.  It  dissolved  with  diffi-* 
culty,  however,  in  absolute  akohcd;  it  was  insohible  in  cokl  water  but 
quite  soluMe  in  hot. 

The  conipouQd  possesses  a  distisict  odor  of  chlcM-al  tc^ther  with  a 
distinct  aromatic  odor.  It  is  a  Ugbt  yellow  powder  which  decomposes 
before  reaching  the  melting  point.  It  readily  bums  on  platinum  foil, 
leaving  aluminium  oxide.  The  salt,  after  repeated  washings. wit^  dxy 
ether,  was  subjected  to  analysis  with  the  foUowiog  results : 

JP|9iu^;Q  «  2^,4f.aiid26.aj!^fM4^^  10.31.    C«la;CJ  •«  J8^;45,.A1 'f  lo.ij^.. 

In  order  to  distinguish  between  ij^  cbUpt^it  in  the  group  AlaCKOOCCEU)^ 
and  the  chlorine  in  the  chloral  the  whole  was  treated  with  nitqc  add  and 
silver  nitrate>  with  the  hope  that  the  silver  nitrate  would  remove  the 
chlorine  frpm  the  aluminium  group  only.  We,  found,  on  the  contrary, 
that  the  chlorine  in  the  chloral  was  also  removed,  and  other  methods  of 
separation  were  tried. 

It  was  found  that  when  the  powder  was  treated  with  cold  absolute  9lco* 
hoi  the  chloral  was  completdy  removed  while  the  aluminium,  radical 
remained  undissolved. 

The  salt  was  therefore  treated  with  absolute  alcohol  until  all  of  the 
chloral  had  been  removed.  The  residue  was  then  treated  with  water 
until  all  of  the  aluminium  had  been  removed.  The  residue  w^^n  tested 
showed  the  presence  of  chlorine  while  the  alcohol  was  found  to  contain  all 
of  the  chloral. 

Determinations  of  chlorine  in  the  alcoholic  and  aqueous  solutions 
showed  that  just  three-quarters  of  the  total  amount  of  chlorine  in  the 
substance  had  been  extracted  by  the  alcohol,  the  balance  bdng  left  in  the 
aqueous  solution.  These  results  indicate  that  a  quantitative  separation 
of  the  chloral  from  the  aluminium  chloroacetate  had  been  made  and  that 
the  above  formula  is  therefore  correct. 
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Very  recently  B6eseken  and  Cluwen^  succeeded  in  isolating  a  compound 
formed  from  aluminium  chloride  and  acetic  anhydride,  the  reaction  whidi 
they  represent  as  follows: 

2(CHaC0),0  +  AlCU  -  AlCl(OCOCH,),  +  2CH,C0C1. 

They  also  found  that  the  above  compound  formed  a  double  salt  with 
ethylether,  (CH|CH,),0.2A1C1(0C0CH|),. 

Benzoic  Acid,  Chloral  and  Aluminium  Chloride. — Benzoic  add  does  not| 
react  with  chlcM^.  Several  experiments  were  tried  with  the  add  in  solu- 
tion and  finally  with  chloral  itself  in  the  presence  of  aluminium  chloride^ 
but  with  little  or  no  change.  The  solution  turned  brown,  but  on  treating 
with  water,  pure  benzoic  add  was  recovered. 

Pyridine,  Chloral  and  Aluminium  Chloride. — ^When  chloral,  pyridine  and 
aluminium  chloride  are  brought  together  a  vigorous  reaction  takes  place, 
and  there  is  formed  a  substance  which  has  the  appearance  of  common 
batter.  It  was  found  to  be  insoluble  in  practically  all  of  the  organic  sol- 
vents. As  this  substance  could  not  be  obtained  in  pure  form  the  experi** 
ment  was  modified  by  bringing  the  chloral  and  aluminium  chloride  to- 
gether and  afterward  adding  the  pyridine.  The  mass  became  hot  frcmi 
the  heat  of  reaction  and  a  white  vapor  was  given  o£F,  but  no  hydrodilorio 
add  was  liberated. 

After  the  whole  mass  had  been  treated  with  water  a  bright  yeHow 
powder  was  separated  out  which  proved  to  be  insoluble  in  praqtically 
all  the  solvents.  It  contained  both  aluminium  and  chlorine  and  had  the 
odor  of  pyridine.  The  substance  appears  to  be  a  single  substan(?e^  biit, 
up  to  the  present  time,  no  solvent  has  been  found  for  it.  It  will  be  niorfe 
exhaustively  studied  in  tha  near  future.  ''  '  * 

Summary. 

As  will  be  seen,  from  the  above  general  survey,  practically  ajl  of  tiie 
organic  groups  of  compounds  which  have  been  treated  with  chlo^ali 
chloral  hydrate  and  bromal  in  the  presence  of  aluminium  chloride  at  low 
temperatures,  have  formed  distinct  condensation  products.  The  treat- 
ment of  organic  compounds  with  chloral  and  aluminium  chloride  at  low 
temperatures,  therefore,  offers  an  important  means  of  organic  condensa* 
tion,  as  some  of  the  compounds  prepared  and  described  in  this  paper 
cannot  be  obtained  by  the  Baeyer  or  sulfuric  add  reaction. 

No  single  group  of  compounds  has  been  exhaustively  studied,  inasmuch 
as  the  important  fact  to  be  determined  in  this  preliminary  work  was, 
first,  whether  or  not  aluminium  chloride  can  be  used  as  a  coodeasatioii 
reagent;  and  second,  whether  or  not  it  acts  catalytically. 

The  evidence  presented  in  the  above  experiments,  we. believe  qqite 
sufiident  proof  that  aluminium  chloride  acts  as  a  catalyst,  at  the  same  time, 
however,  pla3ang  the  part  of  a  simple  dehydrating  reagent. 
» Rec.  irav.  chim.,  31,  369  (1912). 
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'  That  temperature  plays  a  most  important  part  in  this  reaction  is  evi- 
dent from  the  resttlta  of  all  the  experiments  made  thus  far.  In  every 
case  it  was  found  that  rise  in  temperature,  even  but  a  few  degrees  above 
2ero,  materially  changed  the  reaction  and  increased  the  decomposition 
of  both  the  reacting  components.  In  some  cases,  as  in  the  ethers,  a  slight 
rise  above  zero  not  only  causes  saponification  of  the  ether  but  also  com- 
plete decomposition. 

In  exceptional  cases,  the  chloride  seems  to  act  simply  as  a  dehydrating 
reagent  and  theiefore  not  as  a  catalyst  in  the  ordinary  use  of  the  term. 
In. most  casest  however,  it  unquestionably  plays  the  part  of  the  catalytic 
agent,  notwithstanding  the  fact  that  when  equilibrium  is  finally  reached 
a  part  ol  the  chloride  at  least  has  been  converted  into  the  oxide  or  the 
hydroxide. 

It  is  evident,  from  the  wide  range  through  which  aluminium  chloride 
reacts  in  the  presence  oi  chloral,  that  the  final  or  complete  equilibritun 
embraces  several  separate  and  distinct  chemical  changes.  Some  of  these 
are  purely  catalytic  while  others  apparently  are  not,  although  they  are 
catively  dependent  upon  the  catalytic  part  of  the  reactions.  If  we  assume, 
for  Instance;  that  aluminium  chloride  reacts  purely  as  a  catalyst,  as  is 
evidenced  in  some  of  the  above  experiments,  then  the  equating  would  be 
f^epresenited  ijs  follows: 

'    (JR.H  +  aCCUCHO  +  AljCl.  =-  aCCUCHR,  +  AljCU  +  aHfO 

Thi^  perfectly  normal  equation,  however,  by  no  means  excludes  other  re- 
actions before  final  equilibrium  is  reached,  for  we  have  not  only  shown  that 
another  reaction  takes  place  before  the  one  indicated  above,  forming 
an  aluminium  alkyl  exactly  as  in  the  case  of  Priedel-Crafts  reaction,  but  in 
a  few  cases  these  alkyls  were  isolated,  as  will  be  shown  in  the  second  paper 
now  wel  under  way. 

Prom  the  evidence  already  presented,  a  series  of  reactions  may  be 
given  as  representing  the  chemical  changes  which  actually  take  place 
when  equilibrium  is  finally  reached.  In  the  first  part  of  the  reaction, 
aluminium  chloride  doubtless  acts  as  a  ptu-e  catalyst  as  may  be  indicated 
by  the  following  equation: 

C«Hf  +  AljCla  =  AljCU-CoHa  +  HCl, 
or 

eClU  +  Al,Cla  =  Ala(C«H*)6  +  6HC1 

Then  through  catalytic  action  of  the  hydrogen  ions  of  the  hydrochlcffic 
add,  the  second  part  of  the  reaction  takes  place: 

A1,(C«H06  +  3CCUCHO  +  6HC1  =  3CCUCH(C«H»),  +  A1,C1«  +  3H,0, 
or 
A1,(C«H,)6  +  aCCUCHO  +  6HC1  =  3CCUCH(C.H,),  +  AltCk  +  6HC1 
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Hiiher  or  both  of  these  reactions  may  take  place  inasmiich  as  water, 
hydrochloiic  add  and,  m  a  few  cases,  aluminium  oxide  are  KbeiBted. 

Detailed  work  along  several  lines  mentioned  above  is  now  under  way. 
So  far  as  the  work  has  progressed,  aluminium  chloride  in  each  case  unques- 
tionably plays  the  part  of  a  catalyst,  whether  hydrochloric  acid,  water, 
aluminiimi  hydroxide  or  aluminium  oxide  is  formed  during  the  reac- 
tion. 

Tv  Vnvmmatnt  of  MonrsaoTA, 
Monnupout,  MnfN. 
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Ever  since  Friedel  and  Crafts  discovered  the  reaction  which  bears  their 
names,  chemists  have  used  it  in  various  ways  in  order  to  bring  about 
certain  diemical  changes,  in  some  cases  under  entirely  different  condi- 
tions from  those  recorded  by  the  authors  themselves.  Thus,  SchoO  and 
Seer^  showed  that  anhydrous  aluminium  chloride,  in  a  few  cases,  actually 
breaks  off  free  hydrogen  instead  of  hydrochloric  add.  Recently  Page* 
has  shown  that  aluminium  chloride  possesses  the  power  of  transporting 
chlorine  to  certain  organic  compounds.  Finally  it  has  been  found,  under 
proper  physical  conditions,  to  act  as  a  dehydrating  agent  like  concentrated 
sulfiiric  add.  It  has  been  shown  by  Kritchevsky  and  one  of  us  thai  when 
an  aldehyde,  as  chloral,  and  a  hydrocarbon,  either  benzene  or  one 
of  its  homologs,  are  brought  together  in  the  presence  of  ahtminittm 
chloride  at  o^  a  reaction  analogous  to  the  Baeyer  reaction  takes  place. 

In  order  that  the  last  reaction  mentioned  might  be  more  thoroughly 
studied,  experiments  similar  to  those  mentioned  above  with  benzene 
and  chloral  were  begun,  using  trioxymethylene,  however,  instead  of 
chloral.  In  each  case  the  same  general  condensation  reaction  took  place. 
In  a  few  cases,  the  reaction  seemed  to  be  comparatively  simple,  while  in 
others  it  appeared  to  be  extremdy  complex.  This  variation  seemed  to  be 
influenced,  largely,  by  temperature,  as  a  result  of  the  way  in  which  the 
aluminium  chloride  was  added,  either  fast  or  slow,  or  as  to  Aether  tiie 
whole  mass  was  kept  in  a  freezing  mixture  during  the  reaction.  Finally, 
it  was  hoped  that,  in  addition  to  studying  the  reaction  itself,  some  Ught 
mig^t  be  thrown  on  the  constitution  of  trioxymethylene. 

The  molecular  structure  of  trioxymethylene  is  generaQy  considered  to 
be  a  ring  compound,  in  which  the  oxygen  and  the  methylene  groups  are 

*  Monatsh.,  33,  i  (1912) 

*  Ann.,  225,  196  (1884). 
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sytnmetrically  arranged.  In*  case  the  accepted  theory  is  a  fact,  we  hoped 
to  pfepare  condensation  products  by  breaking  the  ring  and  substituting 
hydrocarbon  radicals  for  one,  or  more,  of  the  oxygen  atcmis,  as  indicated 
by  the  following  formulas: 

-    .       CH^  0<(  and         CH*<^ 

N>-CH,— R  x:h,— R  ^R 

where  R  represents  either  benzene  or  one  of  its  homologs. 

On  going  over  the  literatiu-e  of  trioxjrmethylene,  it  was  found  that  Grassi 
and  Masselli^  had  prepared  compounds  analogous  to  those  which  we  had 
hoped  to  prepare  by  breaking  the  ring  and  substituting  inorganic  radicals 
for  the  oxygen.  Thus  by  treating  trioxymethylene  with  acetic  add  and 
water,  they  obtained  trioxymethylene  hydrate, 

X)— CHs— OH 

•  Thei^r'by  treating  the  hydrate  with  hydrochloric  acid,  the  trioxjonethyl- 
jene  chloride  was  formed.  And  finally,  by  treating  the  chloride  with  ben- 
zene^ they  obtained  diphenylmethane.  They  assumed  that  the  hydro> 
cblpric  acid  broke  the  ring  compound  down  into  formaldehyde,  at  the 
same  .time. forming,  a  hydrochloride,  CICH2OH.  This  compound  then  re- 
acted with,  the  benzene,  forming  diphenylmethane.  They  failed  to 
pUfpax^  any  of  the  oxy  compounds. 

*'  As  ha^  already  been  stated,  the  reaction  between  triox3anethylene  and 
the  hydrocarbons  varies  widely,  depending  upon  the  conditions  under 
fwhiofa  tfak  reaction  takes  place.  Under  none  of  these  conditions,  however, 
were  we  able  to  prepare  any  of  the  oxy  compounds,  although  various 
complex,  hydrocarbons  were  prepared,  as  will  be  shown  later.  Notwkh- 
standing  the  fact  that  no  oxy  compounds  could  be  isolated,  the  truth  re- 
mains that  trioxymethylene  acts  di£Perently  from  formaldehyde  in  the 
presence  of  aluminium  chloride.  This  fact  may  mean  that  some  of  the 
pxy  compounds  axe  actually  formed  in  the  reaction  and  are  broken  down 
into  the  various  hydrocarbons  before  equilibrium  is  finally  reached. 

Tricxxymethylene  has  never  before  been  used  with  aluminium  chloride, 
eonseqiiently  no  condensation  products  have  ever  been  made;  neither 
has  it  been  studied  in  connection  with  concentrated  sulfuric  acid.  As  a 
niatter  of  fact,  formaldehyde  itself  has  never  been  studied  in  this  con- 
nection. It  has  been  used,  however,  with  concentrated  sulfuric  add, 
yidding  compounds  which,  in  many  cases,  are  the  same  as  those  obtained 
with  trioxymethylene  and  altuninium  chloride. 

1  Gag.,  38,  477  (1898). 
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Experimental  Part 

Beneene  and  Trioxymethykne. — ^To  500  cc.  oi  benzene  were  added  35  g. 
of  triozymethylene,  the  mixture  .'oooled  to  o^  and  170  g.  of  anhydrous 
aluminium  chloride  added  piecemeaL  An  automatic  stirrer  was  used  and 
the  mixture  was  stirred  continuously  while  the  aluminium  chloride  was 
being  added.  The  temperature  was  never  more  than  20^,  though  most 
of  the  time  it  was  less  than  10^. 

After  about  50  g.  of  aluminium  chloride  had  been  added,  the  color  of 
the  mixture  changed  tq  a  reddish  browp  and  copious  fumes  of  hydro- 
chloric add  were  liberated.  The  stirring  was  continued  for  some  time 
after  all  aluminium  chloride  had  been  added.  It  required  10  hrs.  to  com- 
plete the  reaction.  Diuing  this  time,  hydrochloric  acid  continued  to  pass 
off.  After  the  reaction  had  apparently  ceased,  the  whole  mixture  was 
placed  in  a  refrigerator  for  three  or  four  days.  At  the  end  of  that  time  it 
was  removed  and  ice-water  added,  in  order -to  decompose  all  aluminium 
chloride  without  rise  in  temperature.  After  a  sufficient  quantity  of  water 
had  been  added  an  oily  substance  separated  out  and  floated  on  the  water. 
Some  solid  substance  remained  at  the  bottom  of  the  flask.  There  was 
also  some  solid  material  which  was  lighter  than  water  but  heavier  than 
the  oil.  This  separated  out  and  remained  on  the  suriace  of  water  just 
below  the  oily  layer.  The  whole  was  then  extracted  with  ether.  All, 
except  the  solid  substance  on  the  bottom  of  the  flask,  dissolved.  The 
ether  solution  was  then  separated  from  the  water  and  the  insoluble  sub- 
stance, which  was  set  aside  for  ftulher  treatment. 

The  ether  extract  was  subjected  to  fractional  distillation  and  the  dis- 
tillates were  collected  separately,  as  follows:  (a)  between  40^-80®,  (6) 
80^-130®,  (c)  250°-28o®  and  (d)  28o**-36o®.  A  preliminary  examination 
showed  that  distillate  (a)  was  largely  ether  with  some  benzene.  Distil- 
late (b)  was  found  to  contain  largely  benzene  with  small  amounts  of  tol- 
uene. From  130**  tHe  temperature  rapidly  rose  to  250®  and  an  aromatic 
liquid  continued  to  distil  over  imtil  a  temperature  of  280**  was  reached. 
Then  a  white  substance  of  somewhat  waxy  nattu^  passed  over  and  solid- 
ified on  the  walls  of  the  condenser.  This  substance  continued  to  distil  over 
until  the  temperatiwe  had  reached  360**.  Distillation  was  then  stopped 
as  the  tarry,  resinous  solid  material  remaining  in  the  flask  showed  signs 
of  decomposition.  A  peculiar  blue  fluorescence  was  observed  in  the  dis- 
tillate.   The  resinous  material  was  set  apart  for  further  treatment. 

As  the  yield  of  products  was  not  entirely  satisfactory,  the  above  experi- 
ment was  repeated,  varying  the  temperature  and  the  proportion  of  trioxy- 
methylene.  In  each  case  the  same  products  were  obtained,  although  the 
yield  of  the  liquid  and  solid  distillates  (c)  and  (J)  varied.  In  the  above 
experiment  the  quantity  of  liquid  distillate  {c)  was  small.  When  40  g. 
of  trioxymethylene  were  used  under  exactly  the  same  conditions,  the  yield 
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of  both  (c)  and  (d)  was  greater,  and  when  50  g.  were  used  there  was  a  still 
larger  yield  of  both  the  liquid  and  the  solid  disti11atjf8  (c)  and  (d).  On  the 
contrary,  when  100  g.  of  trioxymethylene  wete  used,  there  was  a  good 
yield  of  the  liquid  distillate  (c)  and  no  yield  of  the  solid  (d).  Even  when 
the  temperature  was  allowed  to  rise  to  40^-50'^  the  same  products  were 
formed,  although  the  yield  varied. 

The  liquid  distillate  (c)  was  redistilled,  after  which  it  showed  signs  of 
crystallization.  The  redistilled  oil  was  therefore  cooled  in  a  freezing  mix- 
ture, when  it  crystallized  in  colorless  prismatic  needles.  The  m.  p.  of  the 
substance  was  found  to  be  26^-27^.  It  was  at  once  suspected  to  be  di- 
phenylmethane.  Hence  it  was  compared  with  Kahlbaum's  diphenyl- 
methane  in  appearance,  boiling  point  and  other  characteristics.  Kahl- 
baum's  diphenylmethane,  although  marked  "c.  p.,"  was  found  to  be  im- 
pure. It  was  a  yellowish  colored  liquid.  It  began  to  distil  at  254^  and 
continued  to  261°.  After  distillation,  however,  it  was  colorless  and  at 
once  crystallized  in  colorless,  prismatic  needles,  m.  p.  26*^-27®. 

Our  diphenylmethane  distilled  over  between  259^  and  262^.  It  was 
perfectly  colorless  and  crystallized  in  colorless  prismatic  needles.  The 
various  tests  indicated  that  it  was  diphenylmethane.  It  also  showed  the 
characteristic  blue  fluorescence.  Baeyer^  first  obtained  diphenylmethane 
by  treating  benzene  with  formaldehyde  in  the  presence  of  sulftuic  acid; 
and  later  Nastukoff,'  on  repeating  Baeyer's  experiments,  showed  that 
phenylformol  was  formed,  and  this  substance,  by  dry  distillation,  yielded 
not  only  diphenylmethane  but  also  toluene  xylene  and  anthracene. 

The  solid  distillate  (d)  which  passed  over  between  28o°-36o*  was  finally 
dissolved  in  a  mixture  of  hot  benzene  containing  a  little  alcohol,  as  this 
mixture  was  found  to  give  best  results.  On  cooling  the  solution,  a  leafy, 
white  substance  crystaUized  out.  This  was  filtered  off,  washed  with  alco- 
hol several  times  to  remove  the  last  traces  of  diphenylmethane  and  re- 
crystallized  three  or  four  times.  The  pure  crystals  thus  obtained  were 
dried  and  the  melting  point  was  found  to  be  2io°-2ii**.  The  crystals 
were  monoclinic  plates  of  pearly  luster.  The  crystals  both  in  solution 
and  out  of  it  showed  a  beautiftd  fluorescence.  Analysis  gave  numbers 
for  ranthracene,  although  the  melting  point  was  a  little  low.  It  gave  all 
the  reactions  for  anthracene  and  on  oxidation  gave  anthraquinone,  leaving 
no  doubt  as  to  its  identity.  The  yield  of  both  diphenylmethane  and 
anthracene  was  exceptionally  good. 

The  fact  that  diphenylmethane  and  anthracene  are  the  two  principal 
compounds  formed  in  the  reaction  throws  some  light  on  the  nature  of  the 
reaction.    Flrom  the  amounts  of  these  two  compounds  obtained,  it  is 


»  Ber.,  5, 1099  (1872). 

*  J,  Russ.  Phys.  Chem.  Soc.,  35«  825  (1903}. 


Digitized  by  VjOOQIC 


ACTION  OP  TUOKyMBTHYLENS  ON  VAMOUS  HYDROCARBONS.      1533 

evident  that  equal  molecular  quantities  are  formed.     In  view  of  this  iact, 
the  equation  may  be  represented  as  follows: 

4C«H.  +  (CH,0),  +  AICI3  «  CH,(C«H6)3  +  Ci4Hio  +  3H,0  +  AlCl,  +  H, 

As  equal  molecular  quantities  of  diphenylmethane  and  anthracene  are 
formed  in  this  reaction,  we  were  at  first  led  to  believe  that  the  trioxy- 
methylene  molecule  is  not  symmetrical,  the  methylene  group  forming  the 
diphenylmethane  having  different  molecular  nature  from  the  other  two 
groups  in  the  molecule.  On  the  contrary,  Baeyer  obtained  diphenyl- 
methane from  benzene  and  formaldehyde  by  means  of  sulfuric  acid;  and 
Nastukoif  by  the  same  reaction  obtained  both  diphenylmethane  and  an- 
thracene. These  facts  scarcely  permit  such  a  conclusion,  although  the 
reaction  is  none  the  less  interesting. 

Baeyer^  showed  that,  when  diphenylmethane  was  fiuther  treated  with 
formaldehyde  and  sulfuric  acid,  condensation  occurred,  forming  dihydro- 
anthracene.  In  order  to  determine  whether  or  not  trioxymethylene  would 
act  the  same  as  formaldehyde,  30  g.  of  diphenylmethane  and  9  g.  of  tri- 
oxymethylene were  treated  with  20  g.  of  altuninium  chloride,  according  to 
the  method  already  given.  On  examining  the  products  after  the  reac- 
tion had  been  completed  a  considerable  quantity  of  diphenylmethane 
was  recovered.  There  was  left  in  the  flask,  after  distilling  off  the  diphenyl- 
methane, a  tarry  mass  which  does  not  contain  anthracene.  This  was 
set  aside  for  examination  later.  Therefore,  trioxymethylene  does  not 
act  in  the  presence  of  aluminium  chloride  like  formaldehyde  in  the  pres- 
ence of  sulfuric  acid. 

In  order  to  shoW  whether  or  not  trioxymethylene  forms  the  same  com- 
pound with  the  benzene  homologs  in  the  presence  of  aluminium  chloride 
which  formaldehyde  does  in  the  presence  of  sulfuric  add,  a  series  of  ex- 
periments was  made,  using  toluene,  xylene  and  mesitylene  instead  of 
benzene. 

Toluene  and  Trioxymethylene. — ^Fifty  grams  of  trioxymethylene  were 
dissolved  in  400  cc.  of  toluene  and  too  g.  of  alununium  chloride  added 
piecemeal.  A  large  amount  of  heat  was  liberated,  but  the  temperature 
was  not  allowed  to  go  above  65°.  The  whole  mass  changed  to  a  reddish 
brown  color  and  fumes  of  hydrochloric  acid  were  given  off.  The  upper 
layer  showed  a  deep  blue  fluorescence.  The  whole  mass  was  kept  in  a 
cool  place  for  four  days,  and  after  adding  ice-water,  subjected  to  the  same 
process  described  under  benzene.  Distillate  (a)  passed  over  between 
50*  and  120**,  (6)  between  290®  and  310**,  and  {c)  between  310®  and  400**. 
After  the  small  quantity  of  (a),  which  on  examination  was  found  to  be  a 
mixture  Of  ether,  toluene  and  benzene,  had  passed  over,  the  temperature 
immediately  rose  to  290^.  At  this  point  oil  began  to  distil  over  and  con- 
^  Bcf.,  6»  aaa  (1873). 
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tinued  until  a  temperature  of  310^  was  reached.  The  distillate  then  be- 
gan to  solidify  on  the  walls  of  the  condenser.  The  solid  continued  to  pass 
over  until  a  temperature  of  400^  was  reached.  Owing  to  decomposition 
the  distillation  was  stopped.  A  dark,  resinous  substance  remained  in 
the  flask.    This  material  was  reserved  for  ftulher  investigation. 

On  redistilling  the  oil  which  was  collected  between  290^-3 10®,  most  of 
it  passed  over  between  285-7®.  It  showed  a  brilliant  blue  fluorescence. 
It  was  further  purified  and  analyzed.  Analysis  and  physical  and  chemical 
properties  checked  well  for  ditoluylmethane. 

Th^  semisolid  substance  which  came  over  between  ^10^-400^  was  then 
dissolved  in  a  mixture  of  alcohol  and  benzene,  from  which  it  was  obtained 
in  a  well  crystallized  form.  It  was  recrystallized  several  times  by  this 
means,  when  the  constant  m.  p.  of  225^-226°  indicated  that  it  was  pure. 
Analysis  and  general  properties  checked  well  for  dimethylanthracene,  a 
compound  prepared  by  Priedel  and  Crafts^  by  treating  toluene  and  methyl- 
ene dichloride  with  aluminium  chloride.  As  this  reaction  is  evidently 
an  exact  duplicate  of  the  reaction  with  benzene,  it  may  be  represented 
as  follows: 

4CtH.CH3  +  (CH,0),  =  CH,(C«H4CH3)2  +  CxcHu  +  3H,0  +H, 
It  is  also  interesting  to  note  that  Anschiltz'  obtained  the  same  dimethyl- 
anthracene  by  treating  toluene  with  acetylene  tetrabromide  and  aluminium 
chloride. 

Xylene  and  Trioxymethylene. — ^To  a  mixture  of  500  g.  of  (?-xylene,  b.  p. 
142°,  and  50  g.  of  trioxymethylene,  100  g.  of  aluminium  chloride  were 
added,  with  constant  stirring,  The  temperature  rose  to  65°  and  copious 
fumes  of  hydrochloric  add  were  liberated.  The  mass  seemed  to  divide 
into  two  layers;  the  upper  one  showing  a  deep  greenish  blue  fluorescence; 
the  lower  one  was  dark  brown.  The  whole  was  allowed  to  stand  at  ordi- 
nary room  temperature  for  three  days,  at  the  end  of  which  time  the  re- 
action seemed  to  be  complete.  The  whole  mass  was  treated  with  ice- 
water,  allowed  to  stand  for  some  time  and  finally  extracted  with  ether. 
The  extract  was  drawn  off,  the  ether  removed  and  the  residue  distilled  at 
ordinary  presstu-e.  The  distillates  were  collected  as  follows:  (o)  between 
70®  and  150®,  (6)  200®  and  330®,  and  (c)  between  330®  and  400®.  After 
these  distillates  had  been  removed  there  remained  in  the  flask  a  tarry  sub- 
stance. After  removing  distillate  (6)  an  air  condenser  was  used  and  the 
solid  distillates  were  thus  easily  collected  for  further  examination.  The 
first  distillate  (a)  consisted  of  a  mixture  of  hydrocarbons,  benzene,  xylene, 
and  possibly  some  toluene.  Distillate  (6)  was  redistilled,  when  a  large 
part  passed  over  between  3ii°-3i3°.  It  was  wonderfully  fluorescent, 
more  so  even  than  diphenylmethane  and  ditoluylmethane.  Analysis  of 
^  Ann.  chim,  phys.,  [6]  iz,  266  (1887}. 
«i4nif.,  335,  172  (1886). 
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the  purified  substance  gave  numbers  for  CirHso  or  dixylylmethane.  This 
compound  has  evidently  nevser  before  been  made,  although  a  substance 
of  the  same  empirical  formula,^  a  duryl  benzyl  compound,  has  been  pre- 
pared. 

Tetrafnethylanthracene. — Distillate  (c),  or  that  which  passed  over  be- 
tween 330°-4oo^,  was  now  examined.  It  was  semi-solid,  evidently 
composed  of  two  or  more  compounds,  and  was  purified  by  washing  with 
chloroform.  This  rapidly  took  out  the  oily  substance,  leaving  behind  most 
of  the  solid  substance.  The  latter  was  then  recrystallized  from  a  mix- 
ture of  benzene  and  alcohol.  By  repeating  the  process  several  times 
the  substance  was  obtained  in  pure  form.  It  crystallized  in  yellow  mono- 
dinic  plates  of  pearly  luster.  In  solution  it  possessed  an  intense  green 
fluorescence.  It  does  not  appear  to  have  a  melting  point  but  decomposes 
«^t  233^-235®.  It  can  be  sublimed,  however,  without  diffictdty,  forming 
crystals  with  wonderful  iridescence. 

Pound:  C  «  92.23  and  H  7.22.     Calc.  for  CitHn:  C  «  93.3,  H  ■■  7.7. 

Priedel  and  Crafts'  prepared  a  tetramethylanthracene  from  m-xylene 
with  a  m.  p.  of  162  ^-163**,  while  AnschQtz*  obtained  from  m-xylene  an  en- 
tirely different  tetramethylanthracene  with  a  m.  p.  of  above  280^.  De- 
war  and  Jones^  obtained  the  same  compound  described  by  Anschlitz 
which  they  designated  as  2  :  4  :  6  :  8  derivative.  Anschiitz  also  obtained 
from  o-xylene  a  tetramethyl  compound  with  a  m.  p.  of  280**,  almost  the 
same  as  the  meta  compound.  It  is  evident  that  the  one  prepared  above 
is  an  isomeric  form,  the  exact  structure  of  which  has  not  yet  been  obtained. 
From  what  has  already  been  stated  concerning  these  reactions,  this  one 
may  be  represented  as  analogous  to  those  already  given: 
4CJl4(CH,),  +  (CH,0),  - 

vCcH|(CHs)fl  yCHv 

CH*<f  -f  (CH,),CJI^         >CJI,(CH,),  -f  H,  4-  3H,0 

X:.Ha(CH,),  ^CH'^ 

Mesiiylene  and  Trioxymethylene, — ^Two  hundred  grams  of  mesitylene 
were  brought  together  with  30  g.  of  trioxymethylene  at  ordinary  tem- 
perature and  55  g.  of  aluminium  chloride  added  with  constant,  vigorous 
stirring.  The  temperature  rose  to  50®,  hydrochloric  add  gas  was  libera- 
«nd  the  color  changed  to  a  dark  red.  Two  layers  again  appeared,. the  up- 
per one  having  a  deep  violet  fluorescence.  After  allowing  it  to  stand 
for  two  days  at  ordinary  room  temperature,  water  was  added,  and  finally  the 
whole  mass  was  extracted  with  ether.  The  addition  of  ether  precipita- 
ted an  amocphous  substance  which  was  at  first  thought  to  be  an  aluminium 
compound,  but  which  was  found  to  be  entirely  organic.     It  was  removed 

*  Friedel  and  Crafts,  Ann.  chim,  phys.,  [6]  i,  516  (1834). 
■  Ann.  chim.  phys.,  [6]  ix,  268  (1887). 

*  Ann.,  335,  174  (1886). 

«  /.  Chem.  Soc.,  85,  213  (1904). 
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and  recrystallized  from  a  mixture  of  benzene  and  chloroform.  The  pmi- 
fied  substance  melted  at  286^-287**.  It  was  a  light  yellow  crystalline 
powder. 

Found:  C  »  89.60  and  H  i«  8.45.     Calc.  for  tetramethylanthraoene :  C  "=  92.30 
and  H  =»  7.70. 

It  gave  all  the  general  characteristics  of  an  anthracene  derivative, 
notwithstanding  the  fact  that  Dewar  and  Jones^  were  unable  to  prepare 
anthracene  derivatives  from  mesitylene  by  the  Friedel-Crafts  reaction.  It 
seems  perfectly  evident  that  hexamethylanthracene  cannot  be  madedirectly 
from  mesitylene  and  any  other  reagent.  On  the  contrary,  a  tetramethyl 
compound  is  not  impossible,  as  two  of  the  methyl  groups,  one  from  each  of 
two  mesitylene  molecules,  might  be  the  means  of  connecting  the  two 
molecules  as  an  anthracene  derivative.  This  seems  to  have  happened, 
forming  a  tetramethylanthracene  which  must  necessarily  be  either  a 
1:3:6:8  or  a  2:4:7:9  derivative.  It  is  interesting  to  note 
that  the  melting  point  corresponds  closely  with  the  melting  point  of  tetra- 
methylanthracene as  mentioned  above  m.  p.  above  280^. 

The  filtered  ether  extract  was  then  distilled  and  the  distillates  collected 
in  two  parts,  the  first  between  90°-2oo°  axid  the  second  between  200**- 
350°.  Above  this  practically  nothing  wotdd  distil  over.  At  a  very  high 
temperature  it  began  to  decompose.  The  first  distillate  consisted  of 
small  amounts  of  benzene,  toluene,  xylene  and  mesitylene.  The  second 
distillate  at  first  appeared  as  an  oily  liquid  from  which  crystals  formed  on 
standing.  These  were  separated  out  by  adding  ether,  whereupon  the 
oily  substance  immediately  dissolved,  leaving  the  crystals  behind.  They 
were  removed,  washed  with  ether  and  recrystallized  from  a  mixture  of 
hot  alcohol  and  ether.  Thus  obtained,  the  crystals  appeared  as  white 
monoclinic  plates  with  a  m.  p.  of  129°-!  30°. 

Analysis  and  general  characteristics  showed  that  the  substance  was 
dimesitylmethane  prepared  by  Baeyer*  from  mesitylene,  formaldehyde 
and  sulfuric  acid. 

The  ether  solution  containing  the  oil  was  warmed  in  order  to  removt 
the  ether  and  then  distilled.  The  first  fraction,  boiling  between  170**- 
325^,  was  so  small  that  no  attempt  was  made  to  examine  it. 

Durene, — ^The  fraction  between  325*^-355°  consisted  of  solids  together 
with  some  oil.  Both  were  very  soluble  in  all  the  common  solvents.  They 
were  finally  separated  by  placing  on  tmglazed  porcelain  plates  which  readily 
absorbed  the  oil  leaving  the  crystals  behind.  The  crystals  were  finally 
purified  by  crystallizing  from  95%  alcohol.  Thus  purified  they  melted 
at  79®-8o**.    This  differed  from  any  of  the  other  compounds. 

Found:  C  «  90.22  and  H  »  9.65.    Calc.  for  Ci«Hu  ■"  89.6  and  H  *  10.4. 
»  J,  Chem.  Soc.,  85,  218  (1904)- 
*Ber.,  5,  1098  (1872). 
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There  seems  to  be  no  doubt  but  that  this  substance  is  durene,  notwith* 
standing  the  results  of  the  analysis.  In  order  to  ftulher  identify  it  the 
dibromo  and  dinitro  compoimds  were  made  and  found  to  agree  in  every 
respect  with  the  dibromo  and  dinitro  compounds  prepared  by  Anschfitz. 

That  the  above  reaction  with  mesitylene  is  complex  is  evident  from  the 
formation  of  benzene,  toluene,  xylene  and  durene.  This  unusual  reaction 
^^as  observed  by  AnschMz,^  who  first  showed  that  benzene  homologs 
are  formed  from  a  single  benzene  derivative  by  the  action  of  aluminium 
chloride.  But  as  already  stated,  no  anthracene  derivatives  had  ever 
been  prepared  from  mesitylene.  There  can  be  no  doubt  but  the  com- 
pound described  above  is  .an  anthracene  derivative.  We  have  repre- 
sented it  as  a  tetramethyl  compound,  although  analysis  really  agrees 
^better  for  a  hexamethyl  derivative.  We  have  so  represented  it  because  a 
liexa  compound  can  only  be  formed  from  a  isomer  of  mesitylene  like 
pseudo-Kmmene  or  hemelUthene.  While  we  have  not  succeeded  in  identi- 
rfying  these  latter  compounds,  both  are  within  the  range  of  possibility,  and 
A  hexamethyl  derivative  could  therefore  be  formed.  Experiments  along 
-this  line  are  now  under  way. 

UMivsKSiTy  OF  MnnrsaoTA, 
MomKAPOU8»  MnrM. 


GAS  ANALYSES  BT  FRACTIONAL  DISTILLATION  AT  LOW 
TEMPERATURES.' 

By  G.  A.  BuKKSLL  and  P.  M.  Sbebbst. 
Recehred  April  30,  1914. 

This  paper  describes  experiments  that  resulted  in  the  separation  of  a 
tiattual  gas  sample  into  the  individual  paraffin  hydrocarbons  present. 
"This  had  not  been  accomplished  hitherto. 

Natural  gases  may  contain  only  methane  as  the  combustible  constituent 
•cr  may  be  mixttu'es  that  contain  large  quantities  of  the  higher  gaseous 
paraffins.  In  some  samples  the  latter  predominate.  In  addition,  there 
may  be  vapors  of  the  liquid  paraffin  hydrocarbons  present,  sometimes 
enough  to  warrant  the  installation  of  a  plant  for  their  extraction.  The 
natural  gas  used  in  Pittsburgh  is  a  complex  mixture,  and  is  typical  of  gas 
that  is  supplied  to  many  cities  to  the  extent  of  billions  of  cubic  feet  per 
year.  The  exact  composition  of  this  gas  is  of  importance  to  the  Bureau  of 
Mines  because  it  is  used  in  testing  explosives,  safety  lamps,  electrical  mining; 
^machinery,  and  other  mining  appliances.  By  the  scheme  shown  herein,  it 
is  also  possible  to  determine  more  closely  the  quantity  of  the  vapors  of  the 
liquid  paraffins  in  a  natural  gas  mixture  than  has  been  possible  heretofore. 

^  Ann,,  aaSi  178-190  (z886). 

*  Paper  presented  before  the  spring  meeting  of  the  American  Chrmtcal  Society, 
.April  7-iOb  1914,  by  permission  of  the  Director  of  the  Bureau  of  Mines. 
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Gases  that  contain  enough  of  these  vapors  are  compressed  and  cooled  at 
many  plants  and  the  condensate  sold  as  gasoline. 

It  is  generally  known  that  ordinary  combustion  gas  analyses  give  but 
little  indication  regarding  the  individual  hydrocarbons  present  in  a  natural 
gas  mixture.    Only  the  two  predominating  paraffins  are  shown. 

In  the  experiments  reported  herein,  natural  gas  was  first  liquefied  b>r 
means  of  liquid  air  and  the  different  paraffin  hydrocarbons  separated  by 
properly  adjusting  temperatures  and  removing  the  various  fractions  with 
a  mercury  pump.  These  fractions  were  analyzed  by  the  ordinary  slow^ 
combustion  method.  Advantage  was  taken  of  the  work  of  P.  Lebeau. 
and  A.  Damiens,^  who  prepared  various  mixtures  of  the  gaseous  par- 
affins, Uquefied  them  and  partially  separated  them.  This  work  is  in  ad- 
vance over  their  work  in  that  the  separation  was  made  into  single  constit- 
uents. The  important  part  of  this  paper,  however,  is  the  application  of 
the  work  to  the  determination  of  the  constituents  of  natural  gas.  Such 
a  separation  is  possible  because,  in  the  liquid  condition,  the  boiling  points 
of  the  gaseous  paraffins  are  rather  widely  separated.  These  boiling  points 
follow :  Methane,  — 160® ;  ethane,  — 93 ** ;  propane,  — ^45  ** ;  N  butane,  +  i  ^ ; 
and  isobutane  — 10®.  The  two  butanes  were  not  separated.  In  order 
to  finish  the  work  with  fractions  large  enough  for  accurate  analyses,  the 
experiment  given  herein  was  started  with  about  1V2  liters  of  gas  (153 1 
cc.).  Other  experiments  were  performed  with  various  natural  gases  in 
which  smaller  quantities  were  used.  The  sample,  as  analyzed  by  the  or- 
dinary slow  combustion  method,  contained  the  following  constituents: 

Methane 79-2% 

Ethane 19.6 

Nitrogen 1.2 

Total 100. o 

There  is  also  about  0.03  per  cent,  of  carbon  dioxide  in  the  gas  mixture. 
Carbon  monoxide,  hydrogen  and  olefine  hydrocarbons  are  not  present. 

Experimental  Procedure. — Fig.  i  shows  the  general  arrangement  of  the 
apparatus.  The  Tdpler  pump  is  on  the  left  of  the  photograph.  (A)  is 
a  small  glass  vessel  used  for  holding  the  liquefied  gases.  It  could  be 
enclosed  in  the  Dewar  flask  (B),  Surrotmding  this  Dewar  flask  is  shown 
another  and  larger  one.  This  arrangement  was  adopted  in  order  to  pro- 
vide better  insulation  than  was  afforded  by  only  one  flask,  although 
the  work  can  be  conducted  with  only  one  Dewar  flask.  The  gas  sample^ 
prior  to  liquefaction,  was  measured  by  weighing  the  water  displaced 
from  the  glass  vessel  (C)  then  transferred  to  the  gas  buret  (D)  and  from 
there  passed  into  the  liquefying  bulb  (A).  At  (£)  is  ^own  a  mercury 
manometer  for  registering  pressures  in  the  ptunp.  At  the  base  of  the 
*  CompL  rend.,  156,  325  (1913)*  '    ' 
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Fif .  I. — Apparatus  for  the  liquefaction  and  fractionation  of  gas  mixtures. 
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T5pler  pump  are  shown  the  glass  vessels  for  trappmg  the  different  gas 
fractions  over  mercury  as  they  were  removed. 

The  entire  sample  was  first  liquefied  by  means  of  liquid  air.  With 
the  gas  in  the  liquid  condition,  connection  was  made  between  it  and  the 
mercury  ptunp  and  as  much  of  the  gas  removed  with  the  ptmip  as  possible. 
This  process  divided  the  original  quantity  into  two  portions;  first,  a  gaseous 
portion,  and  second,  a  liquid  residue. 

In  other  words,  the  vapor  pressure  of  liquid  ethane  (b.p. — 93®)  is  so  small 
at  the  temperature  of  liquid  air  that  none  could  be  detected  in  the  dis- 
tillate within  the  experimental  error  of  making  the  analysis.  It  was  found 
that,  when  liquid  air  was  used  which  had  stood  for  some  time,  so  that  its 
boiling  point  had  risen  near  to  the  boihng  point  of  oxygen  ( — 183**),  the 
methane  and  nitrogen  were  removed  from  the  original  mixture  more  quickly 
than  when  newly  made  liquid  air  was  used.  This  is  to  be  expected.  The 
residue  from  this  first  fractionation  was  allowed  to  volatilize,  measured 
and  again  Uquefied  at  the  temperature  of  liquid  air.  Connection  was 
again  made  to  the  pump  and  more  methane  removed.  In  other  words, 
although  the  residue  from  the  first  fraction  was  treated  in  exactly  the  same 
manner  as  the  original  sample  more  methane  was  obtained. 

Upon  volatilizing  the  entire  residue,  however,  and  again  liquefying,  a 
rearrangement  of  the  solution  occurred  and  chance  for  faster  evaporation 
of  this  last  methane  portion  was  afforded.  In  no  case  could  the  last  minute 
traces  be  obtained,  so  the  attempts  at  complete  recovery  were  stopped 
when  it  was  found  that  only  such  a  small  proportion  was  being  left  behind 
as  did  not  sensibly  affect  the  results. 
Tabls  I. — ^Analysis  of  a  PoRnoN  of  ths  Total  Msthanb  and  Nitrogsn  Fraction. 

Cc.  Cc 

Sample  taken 30.10  30.20 

Oi  added 95.20  99.30 

Total  voluine 125.30  129.50 

Vduine  after  oombustion 66.30  70.10 

Ccmtractioii  due  to  combustion 59.00  59-40 

Volume  after  COi  absorption 36.80  40.50 

COt  produced  by  oombustion 29.50  29.60 

Methane  from  contraction^ 29.44  29.64 

Methane  from  COi^ 29.59  29.67 

Methane  from  contraction 97.8  98.2 

Methane  from  COi 98.3  9B.2 

Average  per  cent,  methane 98. x  98. 2 

To  this  point,  the  first  series  of  fractionations  had  reached  a  stage  where 
the  larger  portion  of  the  methane  had  been  removed  and  where  the  first 
residue  had  been  volatilized,  reliquefied  and  pumped  to  obtain  another 
^  Corrected  for  molecular  volume  of  carbon  dioxide. 


Digitized  by  VjOOQIC 


GAS  ANALYSBS  AT  LOW  TBlfPHKATURHS.  154I 

small  portion  of  methane.  The  residue  from  the  second  liquefaction  was 
treated  again  in  the  same  identical  manner  and  more  methane  obtained, 
A  further  identical  treatment  resulted  in  no  additional  recovery  of  methane. 
No  indication  of  methane  was  found  in  the  ethane  portion,  within  the  error 
of  making  the  analysis. 

The  distillate  obtained  by  the  above  scheme  undoubtedly  contained  a 
trace  of  ethane,  but  it  was  so  small  that  it  could  not  be  detected  by  analysis. 
The  analysis  of  a  portion  of  the  total  methane  and  nitrpgen  fraction  is 
given  in  Table  I,  above. 

Second  Series  of  Fractionations. 

The  next  step  in  the  process  involved  the  separation  of  the  ethane 
from  the  methane-free  residue.  This  necessitated  the  employment  of 
a  temperature  such  that  practically  all  of  the  ethane  could  be  separated 
from  the  still  higher  paraffins,  propane,  the  butanes,  etc.  The  temperature 
used  could  not  be  too  low,  eke  the  ethane  itself  could  not  be  separated, 
nor  so  high  as  to  also  remove  all  the  propane.  A  natural  gas  condensate, 
obtained  from  a  natural  gas  gasoline  plant  by  subjecting  natural  gas 
(casing  head  gas)  from  an  oil  well  to  a  pressure  of  250  lbs.  per  square  inch 
and  then  cooling  it  to  ordinary  temperature,  proved  excellent,  when  cooled 
by  liquid  air,  for  obtaining  low  temperattu-es  higher  than  the  temperatm^  of 
Uquid  air.  This  condensate  is  known  in  the  natural  gas  gasoline  trade  as 
"wild"  gasoline.  It  contains  large  quantities  of  liquid  propane  and  the 
butanes  (especially  the  latter)  as  well  as  some  of  the  ordinary  gasoline 
constituents,  the  pentanes,  hexanes,  etc.  Other  substances  tried  for 
obtaining  low  temperatures,  such  as  alcohol,  ether,  methyl,  and  ethyl 
chloride,  etc.,  jellied  so  much  at  low  temperatures  that  they  could  not  be 
used  satisfactorily.  The  mass  did  not  remain  of  uniform  temperature 
from  top  to  bottom. 

In  order  to  obtain  a  temperature  of  — 145  •,  for  instance,  the  condensate 
was  placed  in  a  Dewar  flask  and  stirred  with  a  test  tube  into  which 
liquid  air  was  nm  until  — 145**  was  reached.  Upon  removal  of  the 
liquid  air  the  condensate  warmed  up  very  slowly,  about  5*^  to  16°  per  hdur, 
thereby  affording  sufficient  time  for  the  withdrawal  of  vapors  from  thf 
liquefaction  bulb.  In  separating  ethane  from  the  niethaiie*lree  residue, 
the  latter  was  first  cooled  to  a  temp>erature  of  — 145^  and  pumping  was 
started  and  continued  until  the  temperature  had  risen  to — 1:25^.  Bj 
this  process,  there  was  obtained  a  distillate  consisting  of  ethane  and  pnih 
pane.  In  other  words,  some  propane  (b.  p.  — ^45°)  is  removed  at  — 1*25' 
as  wen  as  the  ethane  (b.  p.  —-93^).  The  residue  was  then  treated  twice 
in  the  same  maimer,  the  final  separation  of  the  ethane  being  made  at  a 
temperature  of  — 155®  to  — 140°.  The  temperattu^  was  pvrposely 
lowered  to  — 125^  the  first  time  to  obtain  practically  all  of  the  ethaae 
as  well  as  some  propane,  because  it  was  fotmd  quicker  to  separate  ^e 


Digitized  by  VjOOQIC 


1542  O.  A.  BURKBIX  AND  F.  M.  SmSBRT. 

ethanefrom  that  part  of  the  propane  that  came  over  than  to  attempt  to 
puU  off  all  of  the  ethane  from  the  original  residue.  All  the  ethane  was 
obtaMed,  there  being  only  small  quantities  of  propane  remaining  as  a 
residue;  The  anidysis  of  a  portion  of  the  total  ethane  fraction  is  given  in 
Table  11. 

Tablv  II.— ^Analtsxb  of  a  Portion  op  ths  Total  Ethanb  F&AcnoN. 

'  (1).                       (2). 

Cc.  Cc. 

Sample  taken 25 .50  20.30 

Oi  added 96.60  99-4o 

Total  vdiume 132.10  119.70 

•.  Volume  alter  combustion 58*30  69.20 

Contraction  due  to  combustion 63 .  80  50.50 

Volume  after  COi  absorption 7 .  20  28 .  70 

COs  produced  by  combustion 51 .  xo  40.50 

According  to  the  equation  CjHi  +  3.5  Oj  =  2  COa  +  3  H2O,  the  con- 
traction should  be  equal  to  the  COj  X  1.25.  In  Analysis  No.  i  the  con- 
traction then  becomes  51.1  cc.  X  1.25  =  63.87  cc.  This  corresponds  well 
with  the  contraction  actually  observed,  63.80  cc.  In  Analysis  No.  2  the 
contraction  is  equal  to  40.50  cc.  X  1.25  =  50.62.  The  contraction 
actually  observed  is  50.50  cc.  In  calculating  the  ethane  from  the  carbon 
dioxide  and  contraction,  use  was  made  of  equations  that  correct  for  the 
deviations  of  carbon  dioxide  and  ethane  from  the  ideal  conditions,^  as 
follows: 

AnaljrsisNo.  i. 

0.990  CfH.  +  3.5  Oi  -  1.992  COi  +  3HfO 

cc  ethane  «•  0.396  X  contraction  «  25.26 

cc.  ethane  •>  0.497  X  COi  «■  25.39 

Analsrds  No.  3. 
0.990  CiHt  -h  3.5  Oi  -  1.994  COi  +  3H1O 
oc.  ethane  ■>  0.397  X  contraction  >•  20.05 
cc.  ethane  •>  0.496  X  COi  »  20.09 

Third  Series  of  Fractionations. 

The  final  residue  from  the  second  series  of  fractionations  then  contained 
pfopane  and  higher  para£Sns. 

The  ethane-free  residue  was  next  liquefied  and  pumped  at  a  temperature 
that  started  at  — 125**  and  ended  at  — 110°,  the  object  being  to  remove 
f»actically  all  of  the  propane  (b.  p.  — ^45^)  and  also  scnne  of  the  butanes 
(b.  p»  +  I  *^  and  — 10®).  The  residue  from  this  operation  was  again  treated 
in  the  same  manner  to  obtain  any  propane  that  still  remained  behind. 
It  was  thought  that,  if  a  temperature  was  used  that  would  permit  the  dis- 
tillation of  an  appreciable  quantity  of  butane,  practically  all  of  the  pro- 

^  Hrfors  in  gas  analysis  due  to  assuming  that  the  molecular  volumes  of  all  gases 
ave  alike.  Tichnical  Paper  s^^  U.  S.  Bureau  of  Mines,  by  G.  A.  Burrell  and  P.  M. 
«dbcrt 


Digitized  by  VjOOQIC 


GAS  ANALYS88  AT  LOW  t9MPERATURBS.  I543 

pane  should  come  over.  The  total  distillate  obtained  in  this  manner  was 
then  liquefied  and  pumped  at  a  temperature  ranging  from  —  1 35  ^  to  —  1 20  ^. 
There  resulted  a  distillate  that  consisted  of  propane  only.  In  other  words, 
propane  can  be  separated  from  the  butanes  at  a  temperature  below 
— 135**  and  — 120^ 

The  analysis  of  a  portion  of  the  total  propane  fraction  is  given  in  Table 
III. 

Tabi«h  III. — ^Analysis  of  a  Portion  of  ths  Total  Propans  Fraction. 

Analysis  No.  1.      Analysis  No.  2. 
Cc.  Cc. 

Sample  taken 12.60  13.30 

Oi  added 93 -So  97.20 

Total  vQlume r 106.40  izo.50 

Volume  after  combustion 67 .60  70.00 

Contraction  due  to  combustion 38 .80  40.50 

Volume  after  COi  absorption 28.50  29.70 

Carbon  dioxide  produced 39.10  40.30 

According  to  the  equation  CiHg  +  5  O2  ==  CO2  +  4  H2O,  the  contraction 
—  COj  =  0.0.  In  Analysis  No.  i  38.8  cc.  -^  39.1  cc.  «=  — 0.3  cc.  and  in 
Analysis  No.  2  40.5  cc.  —  40.3  cc.  =  0.2  cc.  The  propane  was  calculated 
from  the  following  corrected  equation:  0.986  CsHg  +  s  Oj  =  2.991  COj 
+4  H,0. 

Then,  according  to  Aiialj^s  No.  i ,  the  propane,  when  calculated  from  the 
contraction,  is  0.329  X  38.80  =  12.76  cc.  and,  when  calculated  from  the 
COj,  is  0.329  X  39.10  =  12.86  cc. 

According  to  Analysis  No.  2  the  propane,  when  calculated  from  the  con- 
traction, is  0.329  X  40.50  =  13.32  cc.  and,  when  calculated  from  the  CO2, 
is  0.329  X  40.3  ~  13-26  cc. 

In  the  case  of  both  analyses  the  cc.  of  propane  as  calculated  from  the 
COs  and  the  contraction  agree  closely. 

The  value  0.986  or  the  molecular  volume  of  propane  at  o^  and  760  mm. 
of  mercury  was  calculated  from  van  der  Waals'  equation 

(P  +  a/V0(V-6)  -RT 
or 

M/da(i  +a)(i— 6)  =  R, 
where  M  «  molecular  weight,  do  »  density  at  0°. 

Lebeau  gives  for  a  the  value  0.01727  and  for  b  0.003770,  from  which 
M/do  =  22.41/1.0133  »  22.II6 
22.116/22.412  «  0.986 

This  value,  as  far  as  the  authors  are  aware,  has  never  been  determined  ex- 
perimentally as  in  the  case  of  oxygen,  methane,  ethane,  and  carbon  dioxide. 

The  same  procedure  was  followed  in  the  case  of  the  propane  separation 
as  in  the  case  of  the  ethane  and  methane  separations.  Distillates  and 
residues  were  liquefied  and  pumped  until  no  propane  could  be  obtained. 
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The  analysis  of  a  portion  of  the  final  residue  is  given  in  Table  IV.    This 
should  consist  of  butane  only,  providing  no  vapors  of  the  liquid  paraffins  I 

were  present. 

Tabus  IV.-~ Akalysis  of  a  Portion  of  thb  Total  BcnrAMB  Fraction. 

Cc. 

Sample  taken. 9.30 

Oi  added 100.00 

Total  volume 109.30 

Volume  after  oombustion 76 .30 

Contraction  due  to  combustion 33 .00 

Volume  after  COi  absorption 39-30 

COi  produced  by  combustion 37 -oo 

From  the  equation  C4H10  +  6.5  O2  =  4  COj  +  5  HjO,  the  contraction 
X  1. 14  =  COa.  From  the  above  analysis,  33.0  X  1.14  =  37.62  cc. 
37.62  —  37.00  =  0.62  cc.  difference. 

The  above  anal3rsis  was  calculated  to  butane  only,  and  appears  to  be 
almost  entirely  this  gas,  but  undoubtedly  a  very  small  proportion  of  the 
vapors  of  the  liquid  paraffins  were  contained  in  the  mixture. 

Vapor  pressures  obtained  by  means  of  a  manometer  attached  to  the 
pump  furnished  evidence  which  indicated  when  a  separation  had  been 
accomplished.  For  instance,  at  the  temperature  of  liquid  air  that 
had  stood  for  some  time  (about  — 185**)  the  vapor  pressure  of  the  original 
hydrocarbon  mixtm-e  was  63  mm.  This  vapor  pressure  was  not  the 
pressure  of  methane  at  that  temperature;  it  remained  near  this  value 
throughout  the  pumping  imtil  near  the  end,  when  it  suddenly  dropped 
to  0.0  mm.  Then  the  ptunping  was  stopped  and  the  residue  allowed  to 
volatilize  and  again  liquefied  and  pumping  continued  until  no  more  dis- 
tillate was  obtained. 

Three  liquefactions  of  the  residues  were  usually  necessary  for  the  re- 
moval of  all  the  methane. 

When  the  meth^e-  and  nitrogen-free  residue  was  liquefied  for  the  re- 
moval of  the  ethane,  the  vapor  pressure  of  the  mixture  was  about  2  mm. 
at  — 155  ^  and  about  4  mm.  at  — 145  ®.  When  nearly  all  the  ethane  was  re- 
moved and  pressure  dropped  off  suddenly  to  0.0  mm.,  the  pumping  was 
stopped.  The  residue  was  again  liquefied  and  treated  in  the  same  manner 
until  all  the  ethane  was  removed.  Three  successive  treatments  of  the 
residues  were  usually  sufficient. 

After  the  removal  of  the  nitrogen,  methane,  and  ethane  from  the  mix- 
ture had  been  accomplished,  it  became  necessary  to  separate  the  pro- 
pane from  the  butanes,  etc  This  was  accomplished  at  — 130°  to  — 120®. 
The  vapor  pressture  at  — 130''  was  about  0.5  mm.,  and  about  i  mm.  at 
— 125^.  The  pressure  dropped  suddenly  to  0.0  mm.  after  nearly  all  the 
propane  had  been  removed.  The  residues  were  then  treated  as  previously 
described,  until  all  the  propane  had  been  removed.    The  final  residue  con^ 
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sisted  of  the  butanes  and  any  vapors  of  the  liquid  hydrocarbons  that  were 
present.  There  follows  a  list  of  the  constituents  found  by  the  foregoing 
method. 

Coosdtnents.                                                                Cc.  Per  cent. 

Nitrogen 23.8  1.6 

Methane 1297.4  ^-7 

Ethane i44-5  9-4 

Propane 46.  i  3 .0 

Chiefly  Butanes 19.2  1.3 

Total 1531.0  100. o 

In  Table  V  is  given  a  diagram  of  the  various  steps  in  the  separation  of 
a  natural  gas  into  its  constituents  by  means  of  fractional  distillation  at 
low  temperatures.  It  wiU  be  noted  that  the  original  volume  of  the  sample 
was  153 1. o  cc.  The  sample  was  first  liquefied  with  liquid  air  and  a  dis- 
tillate of  131 1.3  cc.  obtained  with  the  mercury  pump.  A  residue  of  219.7 
cc  was  left  behind.  Both  the  residue  and  distillate  were  again  treated  at 
the  temperature  of  liquid  air.  From  the  residue  there  was  obtained  9.9 
cc.  more  of  methane,  but  no  residue  remained  behind  upon  treating  the 
distillate  of  131 1.3  cc.  The  sum  total  of  9.9  cc.  and  131 1.3  cc.  represented 
practically  all  of  the  methane  and  nitrogen  in  the  natural  gas  sample. 
The  distillate  from  the  reliquef action  of  the  residue  contained  no  methane, 
as  determined  by  a  further  treatment  at  the  temperature  of  liquid  air. 

After  the  methane  had  been  separated,  there  remained  a  residue  of  209.8 
cc.,  consisting  of  ethane  and  higher  paraffin  hydrocarbons.  This  residue 
was  cooled  at  temperatures  ranging  from  — 140^  to  — 125^  and  as  much 
gas  removed  with  the  pump  as  possible.  Ethane  and  some  propane  were 
obtained  (133.3  cc.)  and  a  residue  of  76.5  cc.  remained  behind.  The  dis- 
tillate was  then  cooled  to  temperatures  ranging  from  — 150®  to  — 135** 
and  a  distillate  of  124.7  cc.  obtained,  and  a  residue  of  8.6  cc.  This  8.6 
cc.  residue  was  added  to  the  76.5  cc.  residue  and  the  total,  85.1  cc., 
cooled  from  — 138°  to  — 130®  and  ptunped.  The  distillate  of  34.8  cc. 
obtained  was  added  to  the  124.7  ^-  <tistillate  previously  obtained  and  the 
total  159.5  cc.  were  cooled  and  pumped  at  a  temperature  that  did  not  rise 
above  — 135^.  There  was  obtained  a  distillate  of  147.0  cc.  and  a  residue 
of  12.5  cc.  The  147.0  cc.  distillate  was  then  cooled  and  pumped  at  a  tem- 
perature not  higher  than  — 140°.  The  distillate,  144.5  cc.,  was  found  to 
be  pure  ethane.  The  residue  from  this  last  treatment,  2.5  cc.,  was  added 
to  the  rest  of  the  methane-  and  ethane-free  gas  for  the  propane  treatment. 
The  separation  of  the  propane  and  butane  was  carried  on  in  a  manner  simi- 
lar to  the  methane  and  ethane  separations  except  for  the  use  of  lower 
temperatures. 

Temperature  measurements  were  made  with  two  pentane  thermom- 
eters.   They  agreed  closely  with  each  other  and  gave  for  the  melting 
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point  of  chlorofonn  — 62  **,  of  carbon  disulfide  — 1 11**,  and  boiling  point 
of  fresh  liquid  air  — 193°.  The  true  melting  point  of  chlorofonn  is 
— 63.7°,  and  of  carbon  disulfide  — 111.6°.  All  temperatures  are  in 
degrees  centigrade. 

Summary. 

A  method  of  separation  of  a  natural  gas  into  its  paraffin  hydrocarbons 
is  shown.  At  a  temperattu^  of  — 185°  to  ' — 190°  the  methane  can 
be  removed.  The  separation  of  the  methane  from  the  propane,  butane, 
etc.,  is  conducted  at  temperatures  ranging  from  — 150°  to  — 140®. 
The  propane  is  separated  from  the  butanes,  etc.,  at  temperatures  ranging 
from — 135**  to — I2o^ 

This  method  of  separating  a  gaseous  mixture  into  its  constituents  while 
somewhat  involved  is  the  only  known  method  in  the  case  of  some  hydro- 
carbons. It  can  be  extended  to  the  separation  of  other  gaseous  mixtures. 
The  authors  have  separated  other  natural  gases  but  the  example  .given 
herein  is  sufficient  to  describe  the  method. 


(FitOM  THB  Chemical  Laboratory  of  trb  Hospital  of  trb  Rockefsllsr  iNSTrrirrs 

FOR  MBDICAL  RBSSARCH.] 

DETERMINATION  OF  ARSENIC  IN  ORGANIC  MATTER. 

BT   MAXIAM   VzlfOOXAD. 

RecdTed  April  22.  1914. 

Oxidation  of  the  Tissue  for  the  Determination  of  Arsenic. — ^The  use  of 
minimum  quantities  of  reagents  in  oxidizing  tissues  for  the  Marsh  test 
is  important,  because  it  is  very  difficult  to  get  certain  reagents,  such  as 
nitric  acid,  absolutely  free  from  arsenic.  Another  important  consideration 
is  the  prevention  of  the  escape  of  the  arsenic  at  the  moment  of  carboni- 
zation of  the  tissue,  since,  as  is  well  known,  arsenic  is  volatile  at  the  tem- 
perature of  the  oxidation.  Both  of  these  difficulties  were  avoided  by  Ber- 
trand\  who  showed  that  dried  substance  could  be  conveniently  burned 
in  a  Bertholet  bomb  with  pure  oxygen  under  25  to  30  atmospheres  pres- 
sure. The  only  disadvantage  of  Bertrand's  method  for  general  use  is 
that  analytical  laboratories  are  not  ordinarily  equipped  with  the  Berthelot 
apparatus. 

Because  of  this  fact,  apparently,  investigators  have  continued  experi- 
menting with  methods  of  oxidation  which  could  be  carried  out  with  the 
facilities  usually  available. 

Chittenden  and  Donaldson,  in  1880,  published  a  paper  describing  in 
detail  a  simple  method  for  partial  oxidation  of  tissue  with  relatively  small 
amotmts  of  nitric  and  sulfuric  acids,  the  carbonaceous  residue  being  ex- 
tracted with  water  and  used  for  the  Marsh  test.'  This  method  added 
^  Bertrand,  Ann.  de  VInst .  Pasteur,  1903,  581.  ^ 

•  Am.  Chem.  J.,  a,  255. 
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greatly  to  the  reliability  of  the  arsenic  determinations  in  tissue.  It  re- 
quired 100  grams  of  material,  however,  and  the  incomplete  oxidation 
rendered  the  subsequent  extraction  of  the  charred  residue  rather  laborious. 
Consequently  other  methods  for  the  oxidation  have  continued  to  appear, 
not  all  of  which  can  be  regarded  as  improvements! 

Karl  Ulmann,^  following  Gautier's  method,  used  a  mixture  of  nitric 
and  sulfuric  adds  in  quantities  twenty-fold  the  amount  of  tissue  used. 
The  tissue  examined  is  heated  for  6  to  36  hrs.,  according  to  its  character, 
on  a  sand  bath.  A  somewhat  different  method  was  used  by  Lockemann.* 
The  tissue  was  first  disintegrated  by  heating  with  an  equal  weight  of  a 
nitric-sulfuric  acid  mixture.  Oxidation  was  completed  by  fusion  with  a 
mixture  of  sodium  and  potassium  nitrates.  These  methods  involve  both 
the  use  of  relatively  large  amount  of  reagents  and  the  danger  of  volatiliza- 
tion of  arsenic  during  the  oxidation. 

The  application  of  the  ordinary  Carius'  technique  for  organic  analyses 
obviates  both  difficulties  and  we  have  found  that  it  gives  excellent  results. 
With  a  sealed  tube,  loss  by  volatilization  is  impossible,  and  the  appli- 
cation of  high  temperature  and  pressure  enables  one  to  complete  the  oxi- 
dation with  a  small  amount  of  nitric  acid.  Thus,  i  cc.  of  nitric  add  is 
suffident  to  oxidize  3  cc.  of  blood  serum,  or  100  cc.  of  spinal  fluid,  or  0.5 
g.  of  dry  tissue.  The  method  described  in  this  communication  has  been 
used  chiefly  in  the  determination  of  arsenic  in  blood,  tissues,  and  spinal 
fluid,  after  intravenous  injections  of  salvarsan.  The  exact  technique 
employed  in  testing  these  various  substances  is  as  follows: 

The  Oxidation  of  the  Blood, — In  the  experiment  under  consideration 
I  cc.  of  blood  is  put  into  a  small  test  tube  (about  6  cm.  long  and  5  mm. 
^de.)  This  tube  is  carefully  lowered  into  a  regular  bomb  tube,  which 
contains  i  cc.  of  fuming  nitric  add.  The  bomb  tube  is  then  sealed  in  the 
ordinary  way  and  heated  slowly  to  260**.  At  this  temperature  the  heating 
is  continued  for  an  hour  or  two,  at  the  end  of  which  time  the  oxidation  is 
complete.  The  tube  then  contains  a  clear  liquid  of  ydlowish  color,  due 
to  the  nitrous  oxides.  Any  arsenic  present  will  have  been  completely 
converted  into  arsenic  add.  The  combustion  oven  with  the  tube  is  cooled 
to  room  temperature,  and  the  pressure  is  rdeased  in  the  usual  manner  by 
mdting  the  capillary  point.  The  tube  is  then  opehed  and  the  contents 
washed  with  distilled  water  into  a  200  cc.  Jena  Kjeldahl  flask.  The 
liquid  is  evaporated  until  only  about  15  cc.  are  left.  This  is  then  further 
heated  with  4  to  5  cc.  of  sulfuric  add  until  all  traces  of  nitric  add  are 
driven  out,  as  nitric  add  appears  to  be  a  disturbing  i^ent  in  the  process 

^  Karl  Ulmann,  "Zur  Prage  der  Parasitotropie  iind  Toxizitat  des  Salvarsans/' 
Wtffi.  kUn.  Wachschr.,  19x3,  No.  6. 

'  Lockemaim,  "Uber  den  Arsennadiweis  nut  dem  Manchsdien  Apporat/'  Z. 
cu§ew,  Chem.,  z8,  416  (1905)- 
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of  the  detennination  of  arsenic.  In  order  to  dilute  this  suUuric  acid,  it 
is  wa^ied  with  a  known  quantity  of  distilled  water  (about  lo  cc.)  into  a 
small  graduated  cylinder.  Distilled  water  is  then  added  to  make  up  the 
total  volume  to  seven  times  the  volume  of  the  original  sulfuric  acid. 

Oxidation  of  the  Tissues.— 'The  different  parts,  such  as  lungs,  Uver, 
kidneys  and  parts  of  the  muscles,  are  dried  thoroughly  in  porcelain  dishes 
on"  a  water  bath,  and  are  then  grotmd  to  a  powder.  Up  to  0.5  g.  of  dry 
tissue  is  taken  for  oxidation  by  the  method  described  above.  In  case  the 
tissue  sample  is  small  enough  to  go  into  the  test  tube,  drying  is  unnecessary. 

The  Oxidation  of  Spinal  Fluid. — ^In  the  determination  of  arsenic  in  the 
spinal  fluid,  100  cc.  of  the  fluid  are  put  into  a  small,  round-bottom  crystal- 
lizing dish  and  evaporated  nearly  to  dryness  on  a  water  bath.  The  semi- 
solid residue  is  transferred,  as  completely  as  possible,  to  a  small  tube  (about 
6  cm.  long  and  ^/t  cm.  wide).  The  remaining  traces  are  washed  with  i 
cc.  of  fuming  nitric  add  into  the  bomb  tube.  The  small  tube  is  lowered 
into  the  bomb  tube,  which  is  then  sealed.  The  rest  of  the  process  is  iden- 
tical with  the  treatment  of  the  blood,  described  above. 

Determination  of  Arsenic  in  the  SohUion  by  Sanger  and  Black's  Method. — 
The  application  of  Gutzeit's  color  reaction,  of  hydrogen  arsenite  with 
mercuric  chloride  paper,  to  the  determination  of  small  amounts  ci  arsenic 
has  been  carefully  worked  out  by  Sanger  and  Black.^  We  will  describe 
briefly  the  use  of  the  method  with  solutions  of  oxidized  tissues  prepared 
as  above  described. 

The  apparatus  is  shown  in  Fig.  i.  A  bottle  with  a  wide  opening,  of 
40  cc.  capacity,  is  stoppered  with  an  arsenic-free,  two-hole  rubber  stopper 
(prepared  by  boiling  for  an  hour  in  5%  NaOH  solution).  A  5  mm.  glass 
funnel-tube,  drawn  out  to  i  mm.  at  the  lower  end,  passes  through  one 
perforation  of  the  stopper  and  reaches  to  the  bottom  of  the  bottle. 
Through  the  other  perforation  passes  a  bent  piece  of  glass  tubing,  through 
which  the  gases  can  escape.  This  tube  is  connected  by  means  of  a  small 
calcium  chloride  tube,  in  which  lies,  next  to  the  stopper,  a  rolled  strip  of 
filter  paper  sattu'ated  with  lead  acetate  to  absorb  hydrogen  sulfide.  The 
bulb  of  the  tube  is  filled  with  absorbing  cotton,  dried  in  a  desiccator.  The 
long  part  of  the  tube,  the  diameter  of  which  is  5  mm.,  carri^  a  strip  of 
drawing  paper,  about  5  mm.  wide  and  7  cm.  long,  saturated  with  a  5% 
solution  of  mercuric  chloride.  These  strips  are  prepared  by  immersing 
them  in  the  mercury  solution  and  then  drying  at  room  temperature. 
They  are  kept  in  a  test  tube  containing,  on  the  bottom,  several  pieces  of 
calcium  chloride,  covered  with  absorbing  cotton.  In  order  to  make  the 
generation  of  hydrogen  continuous,  a  sheet  of  platinum  is  placed  on  the 
bottom  of  the  apparatus.    On  top  of  the  platinum  are  placed  3  g.  of  zinc, 

*  Sanger  and  Blade,  Proc.  Am,  Acad,,  43,  297  (1907);  /.  Sec.  Chem.  ImL,  36,  11 15 
(1907);  Z.  anorg.  Chem.,  58,  121  (1908). 
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then  10  oc.  oi  special  diluted  sulfuric  add  (see  above)  are  poured  in.    Ten 

minutes  after  this,  the  solution  to  be  tested  for  arsenic  is  poured  in.    The 

presence  of  arsenic  is  determined  by  the  coloring  of  the  end  of  the  strip 

nearest  the  bulb.  The 

quantity  oi  arsenic  is 

determined    by    the 

depth  to  which  the 

yellowish  orange  color 

attains.    The  method 

is  sensitive    to    less 

than    0.001    mg.    of 

arsenic. 

All  the  glass  and 
porcelain  apparatus 
used  must  be  tested 
for  arsenic,  and  only 
such  taken  as  proves 
to  be  free  from  it. 
The  sulfuric  add  is 
usually  found  to  be 
free  from  arsenic. 
The  greatest  difficulty 
was  encountex^d  with 
the  zinc,  but  the 
brand  called  ''Bertha 
Speher,"  from   the 

New  Jersey  Zinc  Com-  ^*^'  ^' 

pany  of  New  York,  recommended  by  Sanger  and  Black,  proved  to  be 
arsenic-free.  Itie  zinc  was  delivered  to  us  in  large  pieces.  These  were 
melted  in  French  day  crudbles  and  the  molten  mass  poured  into  water* 
where  it  solidified  in  small  pieces  suitable  for  the  experiments. 


PARTITION  OF  THE  NITROGBN  OF  PLANT,  YEAST,  AND 
MEAT  EXTRACTS. 

Bt  p.  C.  Coox.i 
Received  AprH  22,  1914. 

Introduction. 
An  investigation  of  the  nitrogenous  and  other  constituents  of  meat 
extracts,  bouillon  cubes,  and  plant  extracts  was  recently  reported  by 
Micko.'    In  previous  papers  he'  discussed  the  purine  bases  of  meat  and 
*  Phirsiological  Chemist.  Animal  Physiological  Chemistry  Laboratory. 
'Z.  Nakr.  Genussm.,  26,  321  (1913). 
'^Wrf.,  5,  193  (1902);  6,  781  (1903). 
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yeast  extracts  and  stated  that  xanthine  and  h3rpDxanthi]ie  pred(Hiiuiate  in 
meat  extracts,  while  adenine  and  guanine  predominate  m  yeast  extracts. 
The  writer^  has  pabhshed  analyses  and  tests  for  distinguidiing  yeastex- 
tracts  from  meat  extracts  and  has  recommended  the  creatinine  test  as 
the  most  satisfactory.  In  a  recent  article  he*  stated  that  meat  extracts 
give  higher  total  nitrogen  results  than  plant  extracts  and  suggested  tht 
value  of  the  creatinine  and  phosphoric  acid  figures  in  determining  the 
relative  amount  of  meat  extract  present  in  bouillon  cubes. 

This  study  was  undertaken  in  order  to  find  some  means. d[  identifying 
the  three  classes  of  extracts,  by  determining  the  nitrogen  constituents 
present,  and  to  obtain  information  in  regard  to  the  nitrogenous  composi- 
tion of  these  extracts. 

Experimental. 

Description  of  Extracts. — ^Five  samples  of  meat  extract,  one  of  yeast  ex- 
tract, and  seven  of  plant  extract,  all  of  them  commercial  samples  of  un- 
known history,  were  examined.  All  had  a  pasty  consistency  and  ^milar 
odor  and  taste.  The  meat  extracts  were  semi-soUd  extracts,  whidi  are 
usually  prepared  by  evaporating  in  vacuiun  pans  the  liquor  obtained  in 
the  packing  houses  during  the  cooking  of  bc^  preparatory  to  canning. 
The  yeast  extract  was  prqMred  from  exhausted  beer  yeast.  The  yeast, 
after  being  washed,  yielded  on  hydrolysis  a  Uquor  whidi  was  subjected 
to  the  same  general  treatment  as  the  liquor  from  the  beef.  The  plant  or 
vegetable  extracts  are  more  completely  hydrolyzed  products  than  either 
meat  or  yeast  extracts.  Such  extracts  are  prepared  firom  soy  beans  and 
concentrated  extracts  of  vegetables  and  herbs,  as  leek,  celery,  parsnip  and 
onion  with  the  addition  of  sodium  chloride  after  concentration  in  vacuum. 

Description  of  Methods. — ^The  total  nitrogen*  was  determined  by  the 
Kjddahl-Gunning  method.^  The  samples  were  digested  for  four  hours, 
as  better  results  for  total  nitrogen  are  obtained  when  the  digestion  is  car- 
ried on  for  four  hours  than  for  shorter  periods. 

Ammonia  was  determined  by  the  Polin  and  Macallum*  method  as  out- 
lined for  urine.  The  precipitation  with  add-alcohol  has  not  been  com- 
pared directly  with  other  precipitation  methods.  This  miethod  has  been 
used  by  Rippetoe  to  distinguish  plant  from  meat  extracts  and  was  sug- 
gested by  him  to  the  writer.    He  outlines  the  procedure  as  follows: 

"Transfer  lo  cc.  of  an  aqueous  solution  of  the  extract  (lo  cc.  equal  i  g.)  to  a  200 
cc.  glass  stoppered  measuring  cylinder,  add  1.2  cc.  of  a  12%  hydrochloric  add  solution, 
mix  and  add  absolute  alcohol  to  200  cc.  mark,  mix  thoroughly  and  set  aside  for  several 

^  U.  S.  Dept.  Agr.  Bureau  of  Chemistry,  Bull.  1x4  and  Cir.  62. 
«  /.  Ind.  Eng.  Chem.,  5,  No.  12  (1913). 

*  The  nitrogen  determinations  were  made  by  the  Nitrogen  Laboratory  of  this 
Bureau. 

«  U.  S.  Dept.  Agr.  Bureau  of  Chemistry,  Bull,  107,  Rev. 
»  /.  Biol.  Chem.,  11,  523  (1912). 
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bcMirs  At  20**  to  25^    If  ntaessHxy,  make  up  to  mark,  ilter,  and  transfer  100  cc.  ta a 
Kjeldahl  flask,  evaporate  alcohol  on  water  bath  and  determine  nitrogen  in  residue/' 

The  tannin  salt  predpitatkni^  was  oartied  out,  using  tannic  acid  of  the 
highest  purity  obtainahle,  as  required  by  this  method.  The  writer  in 
q»ldying  this  reagent  has  alwa3rs  used  a  pure  tannic  add  which  is  stated 
to  have  been  prepared  from  Chinese  gall  nuts. 

Solutions  of  all  the  extracts  were  treated  according  to  the  f ormol  titra- 
tioQ  method  of  S5rensen*  and  the  Van  Slyke'  method  for  amino  nitrogen. 
The  dark  color  of  the  extracts  interfered  with  the  end  points  of  the  S5r- 
ensen  method,  and  the  results  obtained  were  not  satisfactory.  The 
anmionia  was  determined  in  a  separate  sample  and  the  results  in  the  table 
axe  corrected  for  ammonia.  The  Van  Slyke  method  was  successfully 
applied  to  water  solutions  of  the  extracts. 

TabUULTIOV  of  RBSULTS.— PARTmOK  OP  THB  NUROGSN  of  PLANt,  YBAST  AMD 

Mbat  ExntACTs. 

i2  Pcrccntage'of  totol  nitrofen. 


i 
1 

h 


II 


> 
Meat 

estraets: 

X 

2 
3 
4 
5 
Yeast 
extract: 

6 

Plant 

extracts: 

7 

8 

9 

10 

II 

12 

»3 


e 

If 
I* 


9.56 
9.65 
7.68 
9  65 
7  49 


5  35       3.43 


2.62 
2.49 
1.56 


Amino  nitrogoL 


i« 


22.49 
22.59 
32.42 
29.01 
27.50 


3-35 
352 
2.86 
4.92 
0.13 


7 
6 

71 
49 


64 
84 
35 
74 


78.04 
78.45 
100.00 
76.73 
89.19 


54.91 
55.85 
73.04 
59  37 
64.21 


10.94 
10.94 
10.63 
10.27* 
9.53 


18.50 
18.23 
15.63 
15. 54 
17.89 


11.22       49-96         72.15       56.07       17-64      32.71 


5.23 
6.34 
6.33 
6.27 

6-47 
6.08 

6.63 


7.46 
12.78 

11.32 

6.03 

12.98 

10.56 


o 
o 
o 
o 

o 
o 
o 


0.42 

o  44 
0.25 

0.44 

0.46 
0.23 


85.85 
84.08 

83  25 
63.68 
84.04 
86.88 


xoo.oo 

99.69 

100.00 

98.56 

100.00 

99.67 
99.25 


94.46 

89  95 
83.41 
92.66 

84  54 
92.76 
91.40 


36.71 
36.43 
30.64 
35.88 
30.75 
35.85 
34  08 


65.77 
37.41 
45.18 
67.78 
44-20 
61.18 
57  31 


Total  creatinine  was  determined  by  the  Benedict-Myers*  autoclave 

*  /.  Am.  Chem,  Soc„  12,  1485  (1906). 

*  Biochem.  Zeit.,  7,  45  (1908). 

*  /.  Bud,  Chem.,  9,  185  (19"). 

^  15%  of  ammonia  nitrogen  induded. 

*  No  correction  for  ammonia;  no  determination. 
Mm.  /.  Physiol.,  x8,  397  (1907)- 
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method,  and  purine  nitrogen  according  to  Schittenhelm,^  as  applied  to 
meat  extracts  by  the  writer.' 

Discussion  of  Results. 
As  seen  in  the  table,  the  meat  extracts  gave  higher  total  nitrogen  results 
than  the  plant  or  yeast  extracts.  Nevertheless,  more  ammonia  was  ob- 
tained from  the  pl^at  than  from  the  meat  extracts.  Micko  reports  4.22% 
of  total  nitrogen,  as  ammonia  nitrogen,  in  a  sample  of  meat  extract  and 
states  that  the  ammonia  nitrogen  should  never  exceed  6%  of  the  total  nitro- 
gen of  a  meat  extract.  His  results  were  obtained  by  distilling  with  mag- 
nesium oxide  and  are  considerably  higher  than  the  ammonia  results  given 
in  the  table,  which  were  obtained  by  the  Folin  method.  The  magnesium 
oxide  method  is  recognized  as  yielding  more  than  the  ammonia  nitrogen.' 
The  results  for  the  plant  extracts  vary  from  6.03  to  12.98%  of  the  total 
nitrogen  and  are  so  much  higher  than  the  meat  extract  figures  that  the 
ammonia  determination  becomes  of  value  in  distinguishing  a  plant  from 
a  meat  extract. 

The  plant  and  yeast  extracts  gave  no  biuret  reaction,  and  are  therefore 
more  completely  hydroljrzed  products  than  the  meat  extracts,  which  gave 
this  test.  Meat  extract  Samples  3  and  5  were  exhausted  before  this  test 
was  made. 

Only  the  total  creatinine  present  in  the  meat  extracts  was  determined. 
Some  creatine,  as  well  as  creatinine,  is  present,  but,  both  having  a  common 
origin,  namely,  the  creatine  of  the  muscle,  there  is  no  object  in  determining 
the  relative  amounts  of  these  two  substances.  No  creatine  or  creatinine 
was  found  in  the  plant  and  yeast  extracts.  Their  absence  makes  this  de- 
termination of  the  greatest  value  in  distinguishing  a  yeast  or  plant  ex- 
tract from  a  meat  extract.  The  total  creatinine  nitrogen  comprises  from 
22.49%  to  32.42%  of  the  total  nitrogen  of  the  meat  extracts  reported  in 
the  table.  Micko,  in  referring  to  the  creatinine  content  of  meat  extracts, 
stated  that  20%,  or  more,  of  the  nitrogen  of  a  meat  extract  is  present  as 
creatinine  nitrogen. 

The  ptuine  nitrogen  results  for  the  plant  extracts  were  exceedingly 
low,  the  highest  yielding  but  0.46%  of  the  total  nitrogen  as  purine  nitrogen. 
The  yeast  extract  contained  11.22%  of  its  nitrogen  as  purine  nitrogen, 
and  the  meat  extracts,  with  the  exception  of  extract  No.  5,  gave  from  2.86 
to  4.92%  of  their  nitrogen  in  this  form.  Micko  reports  7.3%  of  the  nitro- 
gen of  a  meat  extract  as  purine  nitrogen  and  states  that  the  ptuine  nitrogen 
of  meat  extracts  should  comprise  from  6  to  8%  of  the  total  nitrogen. 
These  figtu-es  are  higher  than  the  results  reported  on  the  table,  which  were 
obtained  by  the  Schittenhelm  method.    The  method  employed  by  Midco 

*  Z.  Physiol.  Chem.,  39,  199  (1903)- 

"  U.  S.  Dept.  Agr.,  Bur.  of  Chem.,  Bull.  Z14. 

'  Ibid.,  132,  p.  30. 
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was  the  method  of  the  "Codex  Alimentarius  Austriactis."  TheTesults 
for  purine  nitrogen  are  interesting,  not  only  in  showing  ax]ai3rtical  dif- 
ferences in  the  plant  and  meat  extracts,  but  also  for  the  reason  that  no 
determinations  for  purine  nitrogen  in  ptant  extracts  have  been  reported 
in  the  Uterature^  so  far  as  the  writer  knows. 

Comparison  of  the  Precipitation  Methods, — The  plant  extracts  gave  a 
much  larger  percentage  of  nitrogen  in  the  phosphotungstic  acid  filtrate 
than  the  yeast  or  meat  extracts.  All  of  the  nitrogen  of  the  plant  extracts 
was  present  in  the  hydrochloric  acid-alcohol  filtrate.  This  was  true  of 
meat  extract  No.  3  in  the  table.  Similarly  the  tannin-salt  reagent,  when 
applied  to  plant  extracts,  showed  most  of  the  nitrogen  in  the  filtrate. 
The  yeast  extract  gave  a  cloudy  filtrate  from  the  add-alcohol  and  tannin- 
salt  precipitations;  all  the  other  extracts  gave  dear  filtrates  in  these  cases. 

Comparison  of  Formal  and  Van  Slyke  Methods. — ^The  formol  method 
gave  lower  figures  for  amino  nitrogen  than  the  gasometric  method  of  Van 
Slyke.  As  the  formol  method  should  indude  both  the  amino  nitrogen  and 
ammonia  nitrogen,  we  would  expect  to  obtain  higher  results  than  with 
the  Van  Slyke  method,  which  includes  the  simple  aliphatic  amino  nitro- 
gen and  15%  of  the  ammonia  nitrogen.  The  formol  method  is  based  on 
the  idea  that  for  each  carboxyl  group  there  is  a  corresponding  amino  group. 
The  amino  groups  combine  with  the  formaldehyde  and  the  carboxyl 
groups  are  free  to  be  titrated  with  standard  alkali.  That  this  does  not 
hold  true  in  these  extracts  is  appai^nt  from  the  results  obtained.  The 
results  by  the  formol  and  Van  Slyke  methods,  however,  show  the  same 
general  tendendes  as  the  predpitation  methods,  that  is,  where  the  pre- 
cipitating reagents  gave  a  low  percentage  of  nitrogen  in  the  filtrate  (amino 
nitrogen)  low  amino  nitrogen  figures  were  obtained  by  these  two  methods. 
Prom  the  point  of  view  of  accuracy  the  Van  Slyke  method  is  undoubtedly 
superior  to  the  formol  method,  which  apparently  gives  results  which  are 
far  too  low  when  applied  to  extracts,  as  has  been  done  here;  and  that,  in 
^te  of  the  tendency  to  overrun  the  end  point  on  accoimt  of  the  dark 
colored  solution  of  the  extracts. 

Summary. 

There  is  great  variation  in  the  precipitating  power  of  the  different 
reagents  compared.  Photosphungstic  add  predpitated  the  highest, 
tannin-salt  the  next  highest,  and  add-alcohol  the  lowest  percentage  of 
the  nitrogen  of  the  extracts  examined. 

The  formol  titration  method  of  Sorensen  gave  lower  results  for  the  amino 
i^trogen  in  meat,  plant,  and  yeast  extracts  than  the  Van  Slyke  method. 

All  of  these  methods  showed  that  a  larger  percentage  of  the  nitrogen 

*  Since  the  above  was  written  Micko's  paper  (Lac.  cU.)  appeared,  which  contains 
lour  purine  nitrogen  results  for  plant  extracts. 
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was  present  in  a  more  oompletely  hydrdt3r2ed  state,  in  the  plant  tlian  in 
the  yeast  or  meat  extracts. 

No  creatine  or  creatinine  and  very  little  purine  nitrogen  was  found  in 
the  plant  extracts*  The  yeast  extract  showed  high  purine  nitrogen  and 
no  creatine  or  creatinine.  Plant  and  yeast  extracts  gave  no  biuret  re- 
action but  the  meat  extracts  examined  gave  this  reaction. 

All  of  the  nitrogen  of  the  plant  extracts  was  found  in  the  filtrate  after 
applying  acid-alcohol»  and  consists  diiefly  of  mono-amino  adds  and  am- 
monia. About  25%  of  the  nitrogen  of  the  meat  and  yeast  extracts  is 
precipitated  by  add-alcohol.  The  plant  extracts  3rield  a  much  larger 
percentage  of  nitrogen  as  ammonia  nitrogen  than  the  meat  or  3reast  ex- 
tracts. 

In  differentiating  these  three  classes  of  extracts,  the  creatinine,  ammonia^ 
purine  nitrogen  and  add-alcohol  determinations  are  of  value  to  the  food 
analyst. 

BUUAU  OV  CBSmSTBY. 

Dsr  AxniBMir  cur  AosicuLTums, 
WAsnMOTOir,  D.  C 


[CONTiUBtTTlON  No.  37  FKOM  THB  LaBORATOKT  OP  BlOUWICAL  CnsmsntY  OF  TBZ 

Station  for  ExpsanotNTAL  Evolution*  thb  CAaNBont  Institution  of 

Washington.  ] 

STUDIES  ON  THE  CHEIIISTRY  OF  EMBRYONIC  GROWTH.    IL 
COMPARATIVE  ANALYSES  OF  THE  EGGS  AND  OF  THB 
NEWLY-HATCHED  LARVAE   OF  THE  GIANT   SALA- 
MANDER, CRYPTOBRANCHUS  ALLEGHENIENSIS. 

By  Row  Azksn  Goktmss. 
Receiyed  April  30.  1914. 

Introduction. 

The  Problem. — ^The  purpose  of  this  investigation  is  identical  with  that 
of  the  first  paper  in  this  series  (Gortner,  1913),  i.  e.^  to  determine  whether 
the  "chemical  compounds  which  are  present  in  the  egg  enter  the  growing^ 
tissues  in  the  same  form  in  which  they  are  laid  down  in  the  egg,  or  whether 
S3mthetic  changes  are  also  taking  place  so  that  the  material  which  is  present 
in  the  egg  is  used,  not  in  its  original  form  but  in  a  modified  condition/' 

The  distribution  of  the  nitrogenous  compoimds  in  the  various  stages 
of  development  oflFers  the  easiest  method  of  attack.  In  the  preceding 
paper  I  presented  a  study  of  the  nitrogen  distribution  in  fresh  eggs  of  the 
brook  trout  (Saueltnus  fantinalis  L.)»  ^^d  in  embryos  and  young  fry  at 
different  stages  in  their  development.  The  present  paper  is  devoted  to 
a  somewhat  similar  study  of  the  eggs  and  of  the  newly-hatched  larvae  of 
the  salamander,  Cryptobranchus  Allegheniensis,  Daudin. 

The  Material. — ^The  eggs  of  Cryptobranchus  have  proved  to  be  a  excel- 
lent material  for  chemical  studies.     In  most  amphibian  eggs  the  tou^^ 
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jell  which  surrounds  the  egg  makes  the  jM'eparation  of  the  first  sample 
very  difiBcuh,  which  f  act»  combined  with  the  usual  small  size  of  amphibian 
eggs,  probably  accounts  for  our  lack  of  knowledge  of  the  chemistry  of  these 
eggs.  Until  very  recently  only  a  few  eggs  of  Cryftcbrcmckus  had  ever  been 
found  but  I  was  fortunate  enough  to  be  assisted  in  my  search  for  the  eggs 
by  Dr.  Bertram  G.  Smith,  the  only  person  who  has  ever  found  them  in 
abundance,  and  I  wish  to  take  this  opportunity  of  thanking  him  for  his 
many  courtesies. 

The  eggs  were  secured  in  the  northwestern  part  of  Pennsylvania  in 
the  early  part  of  September.  Each  female  deposits  about  450  eggs  in 
a  hole  underneath  a  rock.  The  eggs  average  about  6.2  mm.  in  diameter 
aie  bright  yellow  in  color,  a  rather  deep  yellow  at  the  lower  pole  grading 
to  a  pak  yellow  at  the  upper  pole,  and  are  inclosed  in  a  gelatinous  outer 
envelope  about  18  mm.  in  diameter.  These  envelopes  are  joined  in  a  long 
chain  by  a  tiiin  connecting  cord  so  that  the  eggs  as  found  resemble  a  long 
string  (rf  beads.  By  cutting  the  envelope  with  scissors  the  eggs  are  easily 
removed.  The  vitelline  membrane  surrounding  the  yolk  mass  is  very 
delicate,  so  that  the  eggs  after  removal  from  the  outer  envelope  must  be 
handled  in  water  with  a  large  mouth  pipette  to  avoid  breaking  them. 
For  this  reason  I  was  unable  to  secure  data  as  to  the  weight  of  the  c^ 
before  drying*    After  drying  the  eggs  average  about  ou>58  g. 

The  ^pg8  which  were  secured  in  advanced  stage  of  development  were 
allowed  to  remain  in  shallow  dishes  just  covered  with  filtered  lake  water 
until  a  part  had  hatched.  Smith  (1912)  gives  the  time  necessary  for  de- 
velopment to  hatching  as  about  six  weeks.  Those  which  had  not  hatched 
(but  which  would  have  hatched  within  48  hours)  were  released  from  the 
envelope  by  cutting  with  scissors.  The  n^Rrly-hatched  larvae  are  about 
23-25  mm.  in  length  and  have  a  dry  weight  of  approximately  aos7  gtam. 

BzperlmeataL 

The  Method. — Sample  i  consisted  of  150  eggs  in  early  deav^e  stages; 
sample  2  of  100  larvae  at  hatching.  The  eggs  and  larvae  were  placed  in 
iveighing  bottles  and  dried  in  a  water  oven  at  the  temperature  of  boiling 
water.  Undoubtedly  there  are  objections  to  this  method  oi  drying,  but 
I  bdieve  that  this  is  preferable  to  drying  in  vacuo  at  a  low  temperature, 
since,  in  the  latter,  a  certain  amount  of  autolysis  is  almost  sure  to  take 
place.  Autolysis  is  prevented  by  both  the  high  temperature  and  by  the 
rapid  drying  of  a  water  oven  and  I  do  not  believe  that  the  nitrogen  ratios 
are  altered  by  such  treatment. 

After  ascertaining  the  dry  weight,  the  eggs  and  larvae  were  removed 
as  completely  as  possible^  to  an  extraction  thimble  and  extracted  with  an- 
hydrous ether  in  a  Soxhlet  apparatus  for  48  hours.  The  ether  from  the 
>  A  very  small  amount,  0.33%  of  the  total  in  the  case  of  the  eggs  and  0.15%  in 
the  case  of  the  larvae,  persisted  in  sticking  to  the  walls  and  sides  of  the  weighing  bottles. 
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eggs  became  deep  golden  yellow  in  color  while  that  from  the  larvae  was 
colored  a  3rellowish  red.  Six  hours  after  the  extraction  began  the  liqtdd 
syphoning  was  colorless.  The  ether  was  evaporated  on  a  water  bath  and 
the  residue  dried  to  constant  weight  at  90^.  The  residue  from  the  eggs 
was  more  fluid  than  that  from  the  larvae  and  the  color  di£Ferenoes  were 
the  same  as  those  of  the  ethereal  solutions. 

The  residues  remaining  in  the  extraction  thimbles  were  next  extracted 
with  absolute  alcohol  in  a  Soxhlet  apparatus  for  48  hrs.  After  the  ether 
extraction  had  been  completed  the  residue  in  the  extraction  thimble  was 
still  bright  yellow  and  this  second  yellow  pigment  proved  readily  soluble 
in  alcohol,  being  all  removed  at  the  end  of  6  hrs.'  extraction,  leaving  the 
residue  a  dull  gray.  The  alcohol  was  evaporated  on  a  water  bath  and 
the  residue  dried  at  90^.  This  fraction  is  designated  as  '*ether  insolubk- 
but  alcohol  soluble." 

The  residue  remaining  from  the  alcohol  .extraction  was  dried  at  90^  and 
weighed,  this  being  the  ''protein  portion"  of  the  eggs  and  larvae. 

The  nitrogen  partition  was  determined  on  the  ether  soluble  and  on  the 
ether-insoluble-but-alcohol-soluMe  portions  as  follows: 

To  the  residues  in  the  flasks  I  added  50  cc.  HCl  of  i.i  15  sp.  g.  and  boiled 
the  mixture  on  an  electric  hot  plate  for  18  hrs.^  The  HCl  was  removed^ 
as  completely  as  possible,  by  distillation  on  a  water  bath  under  a  pressure 
of  20  nmi.  and  150  cc.  ot  water  and  100  cc.  of  95%  alcohol  added  to  the 
residue  in  the  flask.  An  excess  of  a  10%  suspension  of  Ca(OH)s  was  then 
added  and  the  ammonia  nitrogen  distilled  off  into  standard  add  tmder  a 
vacuum  of  20  mm.  at  40-45  ^ 

The  mixture  remaining  in  the  flask,  after  the  removal  of  the  ammonia 
nitrogen,  was  filtered  and  the  residue  washed  with  hot  water  untfl  chlorides 
were  removed.  The  nitrogen  in  the  residue  on  the  filter  was  determined 
by  the  Kjeldahl  method  and  recorded  as  humin  nitrogen.  In  this  fraction 
is  induded  not  only  the  true  ''humin"  nitrogen,  but  also  the  nitrogen  of 
any  nitrogenous  lipin  which  has  not  been  rendered  water  soluble  by  the 
add  hydrolysis,  as  wdl  as  any  basic  nitrogenous  compound  which  fonns 
an  insoluble  caldum  salt. 

The  filtrate  from  the  humin  nitrogen  was  evaporated  to  a  small  vcdume 

*  Of  course  there  are  objections  to  this  hydrolysis  with  adds,  but,  since  the  nitrog- 
enous compounds  are  of  the  nature  of  lipins,  if  they  were  not  hydrolyzed  with  acid 
(or  alkali)  the  greater  part,  if  not  all,  of  the  nitrogen  would  be  found  water  insoluble 
and  therefore  appearing  in  the  humin  nitrogen  fraction  as  a  result  of  adsorption  and 
precipitation  with  the  Ca(OH)s.  By  acid  hydrolysis  under  constant  conditions  one 
should  obtain  comparative  results,  and  after  a  study  of  the  behavior  of  the  known 
nitrogenous  lipins  and  other  nitrogenous  compounds  which  would  be  dissolved  by  either 
the  ether  or  the  alo^ol  extraction  to  add  hydrolysis  (which  study  I  hope  to  make 
soon)  it  may  be  possible  to  determine,  to  some  extent,  the  nature  of  the  compounds 
with  which  we  are  dealing. 
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aader  diminished  pressure  and  then  washed  into  a  200  cc.  Brlenmeyer 
flask.  Nine  cc.  of  cone.  HCl  and  sufficient  water  were  added  to  make  the 
volume  100  cc.  and,  after  heating,  7.5  g.  of  phosphotungstic  add  were 
added  and  the  mixture  set  aside  in  a  cool  place  for  48  hours  to  permit  the 
basic  phosphotungstates  to  separate.  The  precipitate  was  washed  as  di- 
rected by  Van  Slyke  (191 1)  and  the  nitrogen  content  of  the  bases  deter- 
mined by  Kjeldahl. 

The  entire  filtrate  from  the  bases  was  concentrated  in  a  Kjeldahl  flask 
and  the  non-basic  nitrogen  determined  by  Kjeldahl's  method  after  the 
addition  of  35  cc.  cone.  H2SO4,  15  g.  KsSOi,  and  0.25  g.  CUSO4. 

The  * 'protein  fraction"  of  the  eggs  and  larvae  was  analyzed  in  exact  con- 
formance with  my  modification  (as  regards  dilutions,  etc.)  of  Van  Slykes' 
method  (191 1,  1912)  as  already  described  in  This  Journai,  (Gortner, 
1913)1  so  that  a  second  detailed  description  is  unnecessary. 

The  analytical  data  follow: 

Sample  i. — 150  eggs  removed  from  the  uterus  and  fertilized  artificially 
at  4:30  p.m.  Sept.  6th.  These  eggs  were  allowed' to  develop  until  3  p.nL 
Sept.  9th,  when  they  were  carefully  removed  from  their  envelopes  and  the 
drying  was  begun.' 

Weight  of  150  eggs  dry  at  100®  =  8.7381  g. 

Btker  sUMe  parHim  «*«  1.6772  g. 

Nitrogen  in  ether-soluble  portion  «  0.00378  g.  divided  as  follows: 

Ammonia  N  «  0.30  cc.  o.i  N  acid  indicating  0.00028  g.  N  in  100  eggs. 

Humin  N  -■  1.20  cc.  0.1  N  add  indicating  0.001 12  g.  N  in  100  eggs. 

Basic  N  »  0.30  cc.  0.1  N  acid  indicating  0.00028  g.  N  in  xoo  eggs. 

Nonrbiisic  N  «-  0.90  cc  0.1  iV^  add  indicating  0.00084  g.  N  in  xoo  eggs. 

AkoM'SchtbU-bul-^tkerAnselfibU-'partion  «  0.9945  f . 
Nitrogen  in  alcohol  fraction  ->  ox>i05  g.,  divided  as  follows: 

Ammonia  N  —  0.15  oc  0.1  N  add  indicating  0.00014  g.  N  in  100  eggs. 

Humin  N  «■  1.80  cc.  o.i  N  add  indicating  0.00x68  g.  N  in  xoo  eggs. 

Basic  N  »  4.X0  cc  O.X  N  add  indicating  0.00382  g.  N  in  100  eggs. 

Non-basic  N  —  x.45  oc  o.x  N  add  indicating  0.00x36  g.  N  in  xoo  eggs. 

Prdein  fraction  {insdhMe  in  ether  or  alcohol^  ">  6.0385  g.' 

Nitiogen  in  the  protein  fraction  «*  0.8631  g.,  distributed  as  follows: 
Ammonia  N  »  62^^  oc  0.1  N  add  indicating  0.0582  g.  N  in  100  eggs. 
Humin  N  »  14.x  cc  0.1  N  add  indicating  0.0132  g.  N  in  100  eggs. 

^  It  was  impossible  to  begin  the  drying  at  an  earlier  stage  because  of  the  uecesriiy 
of  trsaspocting  the  material  from  western  Pennsylvaaia  to  the  labomtoiy.  Theie 
dKNild  be  some  delay  before  eggs  are  taken  for  development  studies  in  order  to  see 
iHietlicr  the  eggs  are  fertile  and  would  develop.  The  eggs  fonning  my  sample  were 
probably  in  Stage  8  (Smith  X9X2)  and  had  devdoped  to  probably  256  cells,  perhaps 
iliglitly  more.  It  is  highly  improbable  that  this  amount  of  devdopment  eookf  have 
CMMed  any  diemical  changes  large  enoo^  to  be  detected  by  my  methods  of  analysiiL 

•  A  slight  loss  occurred  in  removing  the  dried  eggs  from  the  weighing  bottle  to  the 
cxtnction  thimble  so  that  the  ether  -f  alcohol  +  protein  fractions  only  total  99.67% 
of  the  dry  weight. 
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The  filtrate  from  the  humin  was  made  to  200  cc.  and  nitrogen  in  the  filtrate  from 
the  humin  determined  on  10  cc.  portions,  (i)  26.90  and  (2)  27.10  cc.  o.i  If  add  indica- 
ting 0.5040  g.  N  in  the  filtrate  from  the  humin  in  100  eggs. 

The  bases  were  precipitated  by  the  addition  of  18  cc.  cone.  HCl  and  15  g.  of  phos- 
photungstic  acid  to  160  cc.  of  the  above  solution. 

Arginine  N  (on  V>  of  the  bases)  »  17.0  cc.  o.i  N  acid  indicating  0.0793  g.  N  in 

100  eggs. 
Total  basic  N  (on  Vi  bases  +  arginine)  —  74.15  cc.  0.1  N  acid  indicating  0.1730 

g.  N  in  100  eggs. 
Amino  N  in  bases  (from  5  cc.)  —  19.25  cc.  N  at  23®  and  768  mm.  (from  7.5  cc.)  = 

29.2  cc.  N  at  22  °  and  768  mm.  indicating  0.0916  g.  amino  N  in  the  bases  of  100 

eggs. 
Cystine  N  (on  10  cc.)  »  0.0050  g.  BaSOi  indicating  0.00126  g.  N  in  100  eggs. 
Histidine  N  (calc.)  =  0.0329  g.  in  100  eggs. 
Lysine  N  (calc.)  —  0.0595  g.  in  100  eggs. 
Nitrogen  in  the  filtrate  from  the  bases  (made  to  200  cc.)  «  (on  25  cc  portions) 

35.20  and  35.60  cc.  0.1  A^  acid  indicating  0.3304  g.  N  in  100  eggs. 
Amino  N  in  the  filtrate  from  the  bases  »  (on  10  cc.)  33.9  cc.  N  at  21.5°  and  749 

mm.  and  33.8  cc.  N  at  21.5''  and  750  mm.  indicating  0.3142  g.  amino  N  in  100 

eggs. 

.  These  data  calctilated  to  per  cent,  of  the  total  nitrogen  of  the  egg  farm  the 
fourth  column,  and  the  weight  of  nitrogen  in  g,  forms  the  first  column  in 
Table  II. 

Sample  II. — 100  larvae  at  hatching.  Some  had  just  hatched  while 
others  were  released  from  the  membrane. 

Weight  of  ioo  larvae  dry  at  100®  =  5.7285  g. 
Ether  soluble  portion  «  1.2747  g. 
Nitrogen  in  ether  soluble  portion  —  0.00455  g.  divided  as  follows: 

Ammonia  N  «  0.45  cc.  0.1  N  acid  indicating  0.00063  g.  N. 

Humin  N  »  1.60  cc.  0.1  N  acid  indicating  0.00224  g.  N. 

Basic  N  a  0.20  cc.  O.I  N  acid  indicating  0.00028  g.  N. 

Non-basic  N  »  I'.o  cc.  0.1  N  acid  indicating  0.00x4  g.  N. 

Alcohol'Soluble-but-ether-insoluble  portion  »  0.6179  g. 

Nitrogen  in  alcohol  soluble  portion  »  o.oiii  g.  distributed  as  follows: 

Ammonia  N  ^  0.10  cc.  N  acid  indicating  0.00014  S-  N. 

Humin  N  —  1.70  cc.  0.1  N  acid  indicating  0.00238  g.  N. 

Basic  N  «  3.50  cc.  0.1  N  acid  indicating  0.0049  g.  N. 

Non-basic  N  =*  2.65  cc.  0.1  N  acid  indicating  0.0037  g.  N. 

Protein  residue  (insoluble  in  alcohol  and  ether)  «  3.8278  g.' 
Nitrogen  ii^  the  protein  residue  »  0.5688  g.,  distributed  as  foHows: 

Ammmia  N  ^  42.60  cc.  0.1  N  add  indicating  0.0596  g.  N. 

HumiH  N  «  9.76  cc.  0.1  N  acid  indicating  0.0136  g.  N. 

Th^  filtrate  from  the  humin  was  made  to  200  cc.  and  the  nitrogen  content 
determined  on  10  cc.  portions  =^  17.7  and  17.7  cc.  0.1  iV  acid»  indicating 
0.4^56  g.*  iV  in  the  filtrate  from  the  humin. 

.    .  *  The  e.ther  +  alcohol  +  protein  fractions  total  only  99.85%  of  the  dry  weight 
because  of  a  slight  loss  which  occurred  by  incomplete  removal  from  the  weighing  bottle. 
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The  bases  were  precipitated  from  160  cc.  of  the  above  solution,  and  were  finaOy 
made  to  50  cc.  vohime. 

ArgMne  N  (on  Vi  bases)  ■>  11.6  cc.  o.i  N  add  indicating  0.0812  |g.  N. 

Total  N  in  the  bases  (on  Vt  bases  +  arginine  N)  ■>  49.05  cc.  0.1  ^  add  indicating 
0.1717  g.  N. 

Amine  N  in  bam  —  (on  5  cc.)  13.X0  cc.  N  at  2^"  and  768  mm.  and  (on  8.5  cc.) 
21.5  cc.  N  at  24^  and  769  mm.  indicating  0.091 1  g.  N. 

Cystine  N  «■  0.0044  S-  BaSOi  (on  10  cc.)  indicatixig  0.00165  g.  N. , 

HisHdine  N  (calc.)  »  0.0288  g.  N. 

Lysine  N  (calc.)  ■*  0.0600  g.  N. 

The  filtrate  from  the  bases  was  made  to  200  cc.  and  nitrogen  found  on  25  cc.  por- 
tions »  22.80  and  22.80  cc.  o.i  N  acid  indicating  0.3192  g.  N. 

Amino  N  in  the  filtrate  from  the  bases  »  (on  10  cc.)  21.3  cc.  N  at  21  *  and  764  mm. 
and  21.3  cc.  N  at  20.5*  and  763  mm.  indicating  0.3035  g.  K. 

These  data  calculated  to  per  cent,  of  the  total  nitrogen  in  tlie  larvae  form 
the  fifth  column  and  the  percentage  change  from  egg  to  larvae  forms  the  sixth 
column  in  Table  II.  The  weight  of  the  nitrogen  in  grams  per  100  larvae 
forms  the  second  coltmm  and  the  change  of  nitrogen  in  grsims.in  the  de- 
vdopment  of  the  egg  to  the  hatching  stage  forms  the  third  column  in 
Table  IL 

Tablb  I. — CoMPARAnvB  Analysss  op  Cryptobranchtjs  Hgos  and  of  THB  Larvas 

AT  Hatching. 

Weight  in  grama.  Pcfcipitagci. 

^  ■        *       ' >        #■  .       ■     I*       .  ■» 

lOOcggi.     lOOIarrae.       Cluuige.  Bgga.     hmrrmt,      Cluuige. 

Dryweigfat 58254  57285  —0.0969        —1.66% 

Ethersol 1.1182  1.2747  +0.1565  i9-i9    22.25  +306 

Ether  insol.    but   alcohol 

sol f 0.6630  0.6179  — 0.0451  11.38     10.73  —0.60 

Protein 4.0256  3.8278  — 0.1978  69.10    66.82  — 2.28 

N  content 0.5849  0.5845  — 0.0004        

N  in  ether 0.00252  0.00455  -1-0.00203  0.44      0.78  -fo.34 

N  in  alcohol 0.0070  o.oiii  -1-0.0041        1.20      1.90  +0.70 

N  in  protein 0.5754  0.5688  — 0.0066  9837    97  30  — 1.04 

%  N  in  im>tein  fraction ...  ...  14-30    i4-36  -{-0.56 

Discussion. 

Although  the  analyses  recorded  in  the  preceding  tables  agree  in  most 
entries  so  well  that  we  could  conclude  that  the  samples  ans^yzed  were 
duplicates,  there  are  a  few  entries  which  show  changes  which  are  certainly 
significant.  A  careful  study  of  these  data  lias  convinced  me  that  all, 
or  nearly  all,  of  the  nitrogen  ratios  are  altered  to  some  extent  as  embryonic 
growth  progresses,  but  that  the  monoamino  adds  are  the  more  generally 
utilized.  Such  a  conclusion  is  in  excellent  agreement  with  my  earlier 
findings  (Gortner,  1913). 

During  the  development  there  was  a  loss  of  1.66%  of  the  dry  weight 
(0.0969  g.  per  100  larvae)  which  must  be  attributed  to  carbon  dioxide 
and  water,  inasmuch  as  no  nitrogen  was  lost  during  this  period  of  growth. 
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AcGompan3rtng  this  loss  in  weight  there  is  a  very  marked  gain  of  fats  equal 
to  3.06%  (sd  the  egg  wei^t  aad  to  an  inciea$e  of.  14%  of  the  fat  ahieady 
present  in  the  egg* 

Tangl  and  Parkas  (1904)  l^^^e  observed  a  similar  synthesis  of  fat  in 
developing  trout  embryos  and  explain  this  finding  by  the  assumption 
that  there  are  present,. in. the  ^gg,  glycoproteins  which  are  broken  down 
to  carbon  dioxide,  watef^  glycogen,  fat,  and  "all  of  the  nitrogen  of  the  pro- 
tein is  retained  in  the  organism  in  the  form  of  urea  (or  uric  acid)/'  the  dif- 
ference in  energy  content  being  the  "^ntwicklungsarbeit."  I  believe 
that  their  h3rpothesis  is  in  part  correct,  i.  e^  that  the  energy  of  development 
comes  from  a  carbohydrate  nucleus,  but  other  parts  of  their  suggestion  I 
find  to  be  erroneous. 

Tangl  and  Farkas  submit  no  proof  for  their  contention  that  the  nitrogen 
of  the  protein  is  converted  into  urea  (or  uric  acid).  In  discussing  this 
phase  of  their  work  in  my  earlier  paper,  I  showed  that,  in  all  probability, 
no  considerable  quantity  of  either  tu-ea  or  uric  acid  was  present  in  the  yotmg 
trout  at  hatching  and  that,  therefore,  their  hypothesis  did  not  hold  in  its 
entirety.  In  this  series  of  analyses  of  Cryptobranchus  eggs  and  larvae 
there  can  be  no  doubt  that  no  urea  is  formed  and  in  all  probability  none, 
or  at  most  only  a  trace,  of  the  nitrogen  is  converted  into  uric  acid. 

The  behavior  of  urea  and  of  uric  add  to  extraction  with  ether  and  al- 
cohol was  first  investigated.  The  statement  that  urea  is  insoluble  in  ether 
and  that  uric  acid  is  insoluble  in  both  ether  .and  alcohol  seems  to  find  no 
exception  in  the  solubility  Uterature.  As  I  have  shown  elsewhere,  (Gortner 
1914),  this  sUUemetU  is  not  true,  for  although  urea  is  practically  insoluble 
(approx.  0.0004  g.  in  100  cc.)  in  anhydrous  ether  nevertheless  as  much  as 
0,0720  g,  is  dissolved  in  the  course  of  a  48-hour  extraction,  and  while  tiric  acid 
is  still  more  insoluble  in  absolute  alcohol  (approx.  0.00008  g.  in  100  cc.)^ 
as  much  as  0.0260  g.  is  extracted  in  48  hours  in  a  Soxhlet  apparatus. 

We  should  look,  therefore,  for  an  increase  in  Ammonia  iV  in  the  ether 
soluble  fraction  if  urea  has  been  formed  within  the  organism,  and  the 
observed  increase,  while  possibly  significant,  is  only  0.3%  of  the  required 
amount.^  The  entire  gain  of  ammonia  N  in  all  three  fractions  analyzed 
would  be  only  1.6%  of  the  expected  urea  N. 

Uric  add  would  be  extracted,  at  least  in  part,  by  the  absolute  alcohol 
and  an  iaorease  in  ammonia  N  should  follow  a  S3mthesis  of  uric  add. 
smce  I  have  shown  that  15%  of  the  uric  add  nitrogen  is  split  off  as  ammonia 

^  Tangl  and  Farkas  found  a  gain  of  0.38  g.  of  fat  and  an  energy  loss  of  3.46  kg. 
Cal.  in  the  course  of  the  development  of  518  trout  eggs  and  theorize  that  1.67  g.  of 
glTCoprotexn  (9.7  Cal.)  must  be  broken  down  to  0.38  g.  fat  (3.5  Cal.).  0.30  g.  glycogen 
(1.3  Cal.)  and  0.57  g.  urea  (1.40  Cal.)  the  difference  in  calculated  heat  values  being 
3.5  Cal.  Using  their  figures  I  should  find  0.234  g.  of  urea  containing  0.109  g.  N  due  to  a 
synthesis  of  0.1365  g.  fat. 
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hy  acid  hydrolysis  (Gortner  1913,  p.  642).  Thert  is  no  gain  in  ammonia 
N  in  the  alcohol  extract  and  the  total  gain  of  N  in  this  fraction  is  only 
an  insignificant  part  of  the  theoretical  uric  add  nitrogen.  We  must  Utere" 
fore  conclude  that  no  appreciable  anumnt  of  urea  or  of  uric  acid  is  formed  in 
Cryptobranchus  during  embryonic  grow^. 

The  analyses  show,  further,  that  the  origin  of  the  fats  synthesized  is, 
in  a  large  measure  at  least,  to  be  found  in  tiie  protein  fraction  but  that  it 
is  not  a  simple  protein  which  has  been  altered,  for,  although  there  is  a  loss 
of  0.1978  g.  from  the  protein  fraction,  the  nitrogen  content  of  the  lost 
portion  is  only  3.33%,  leaving  a  remaining  protein  residue  with  a  relatively 
increased  nitrogen  content. 

The  above  facts  would  seem  to  support  only  one  argument,  i.  e,,  that 
there  is  present  in  the  eggs  of  Cryptobranchus  a  carbohydrate  nucleus 
either  free  (glycogen)  or  more  probably  in  the  form  of  a  glycoprotein 
(ovomucoid?).  During  the  process  of  development  this  carbohydrate 
is  broken  down  to  carbon  dioxide  and  water  with  the  consequent  releasing 
of  energy  for  the  "Entwicklungsarbeit,''  but  the  breaking  down  of  the 
carbohydrate  proceeds  more  rapidly  than  is  necessary  to  provide  the  energy 
of  development  and,  as  a  result,  the  surplus  energy  is  stored  in  the  form  of 
fat.  If  the  carbohydrate  is  a  part  of  a  protein  molecule,  the  amino  acids 
are  not  ''burned"  but  are  utilized  in  part  in  their  original  form  and  in  part 
to  fxmiish  the  nitrogen  for  lecithin  and  other  nitrogenous  compotmds 
necessary  for  the  development  of  the  growing  embryo. 

Several  additional  points  demand  brief  comments.  There  is  a  gain  of 
nitrogen  in  both  the  ether  soluble  and  the  ether-insoluble-but-alcohol- 
soluble  fractions.  It  seems  possible  that  the  gain  in  the  ether  soluble 
fraction  is  due  to  a  synthesis  of  lecithins  such  as  Tichmiroff  (1885)  observed 
in  developing  eggs  of  the  silk  worm  {Bombyx  mori).  It  is  very  evident 
from  the  nitrogen  partition  that  the  nitrogen  in  the  alcohol  extract  is 
all,  or  nearly  all,  from  basic  nitrogenous  compounds,  probably  p5rrimidine 
or  purine  bases.  Kossel  (1886)  and  Mendel  and  Leavenworth  (1908) 
have  shown  that  purine  bases  are  synthesized  as  embryonic  growth  pro- 
gresses in  hen  and  duck  eggs.  Unfortunately  we  know  too  little  of  the 
solubilities  of  the  purine  and  pyrimidine  bases  under  conditions  of  con- 
tinuous extraction  to  decide  which  compounds  would  be  found  in  the  ether 
extract,  the  alcohol  extract,  or  which  should  be  insoluble  in  both  alcohol 
and  ether. 

One  surprising  result  (to  me)  of  these  analyses  was  the  large  percentage 
of  "ether  insoluble  but  alcohol  soluble**  compounds  in  the  egg.  I  know  of 
no  data  dealing  with  this  fraction  (as  regards  non-nitrogenous  compounds) 
and  should  consider  it  a  great  favor  if  any  reader  could  call  to  my  attention 
such  data  as  may  exist  or  suggest  the  possible  nature  of  these  substances. 
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Summary. 

1.  The  eggs  of  Cryptobranchus  contain  two  yellow  pigments,  one  t>eing 
soluble  in  ether  and  the  other  insoluble  in  ether  but  soluble  in  absolute 
alcohol. 

2.  There  is  a  total  loss  of  dry  weight  (COs  and  H2O)  during  the  devel- 
opment of  100  eggs  to  the  hatching  stage  of  ^.0969  g.  or  1.66%  of  the  dry 
weight. 

3.  There  is  a  gain  of  fats  during  development  of  0.1565  g.  per  100  eggs 
this  being  equal  to  an  increase  of  14%  of  the  fat  already  present  in  the 

egg. 

4.  There  is  a  loss  of  0.0451  g.  from  the  fraction  insoluble  in  ether  but 
soluble  in  absolute  alcohol.    The  significance  of  this  loss  is  tmknown. 

5.  There  is  a  loss  of  0.1978  g.  from  the  protein  fraction,  but  in  all 
probability  this  is  not  a  loss  of  a  simple  protein  but  of  a  carbohydrate 
radical  which  has  been  broken  down  to  form  fat,  etc. 

6.  There  is  neither  loss  or  gain  of  total  nitrogen  during  development. 

7.  There  is  a  gain  of  nitrogen  in  the  ether  soluble  portion  of  0.00203  g. 
This  would  indicate  a  synthesis  of  0.1174  g.  of  di-steryl-ledthin  (1.73% 
N),  providing  all  of  the  nitrogen  in  the  ether  soluble  portion  is  counted 
as  lecithin. 

8.  There  is  a  gain  of  0.0041  g.  of  nitrogen  in  the  ether-insoluble-but- 
alcohol-soluble  fraction.  The  nitrogen  in  this  fraction  is  largely  basic 
nitrogen,  probably  purine  or  pyrimidine  bases. 

9.  There  is  a  loss  of  0.0066  g.  nitrogen  from  the  protein  fraction. 
Nearly  all  of  this  loss  comes  from  the  mon-amino  acids. 

10.  There  is  considerable  evidence  that  the  nitrogen  ratios  in  the  pro- 
tein fraction  are  not  fixed  quantities  but  that  some  amino  acids  are  more 
necessary  for  the  development  of  the  embryo  than  are  others  and  as  a 
result  there  is  a  continuous  breaking  down  and  recombining  of  the  re- 
sulting radicals  into  new  compotmds.  For  example,  the  gain  observed 
for  Arginine  N,  although  small,  is  probably  significant. 

11.  No  appreciable  amount  of  either  urea  or  of  uric  acid  is  formed 
during  embryonic  development  of  Cryptobranchus, 

12.  It  seems  probable  that  there  is,  in  the  eggs  of  Cryptobranchus,  a 
carbohydrate  nucleus  either  free  (glycogen)  or  combined  in  the  form  of  a 
glycoprotein  and  that  during  the  process  of  embryonic  growth  this  carbo- 
hydrate is  broken  down  to  carbon  dioxide  and  water  with  a  consequent 
Kberation  of  energy  for  the  "Entwicklungsarbeit,"  but  the  breaking  down 
of  the  carbohydrate  proceeds  more  rapidly  than  the  needs  of  growth  de- 
mand, with  the  result  that  the  surplus  energy  is  stored  as  fat. 
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THE  INVERSION  OF  SUCROSE  BY  INVERTASE.  Vm.  AN  IM- 
PROVED METHOD  FOR  PREPARING  STRONG  INVER- 
TASE SOLUTIONS  FROM  TOP  OR  BOTTOM  YEAST. 

By  C.  S.  Hui>60N.> 
Received  May  15.  1914. 

The  Clerget  method  for  estimating  sucrose  depends  upon  the  measure- 
ment of  the  change  in  optical  rotation  which  accompanies  the  hydrolysis 
of  the  sugar.  Hydrochloric  acid  is  generally  used  as  the  hydroljrst  al- 
though it  is  known  to  hydrolyze  inulin,  raffinose,  and  some  other  carbo- 
hydrates under  the  mildest  conditions  that  will  accomplish  the  inversion 
of  sucrose. 

In  1 88 1,  it  was  proposed  by  Kjeldfiibl*  to  use  the  enzyme  invertase  in 
place  of  hydrochloric  acid  in  the  Clerget  method  because  invertase  was 
regarded  as  a  more  nearly  specific  hydrolyst  for  sucrose.  Although  it  is 
now  understood  that  invertase  hydrolyzes  raffinose,  gentianose,  and  stachy- 
ose  as  well,  it  seems  that  these  sugars  are  derivatives  of  sucfose  and  that 
invertase  may  still  be  strictly  regarded  as  a  specific  hydrolyst  of  sucrose 
and  certain  of  its  immediate  derivatives.  Kjeldahl  used,  in  one  procedure, 
an  aqueous  extract  of  yeast  to  hydrolyze  sucrose,  and,  in  an  alternative 
one,  a  portion  of  yeast  added  to  the  sucrose  solution  which  was  kept  at  52  ® 
with  a  little  thymol  added  to  prevent  alcoholic  fermentation.  As  inver- 
tase is  rapidly,  though  incompletely,  extracted  from  yeast  by  water,  its 
action  can  be  obtained  by  either  of  these  procedures.  Kjeldahl*s  untimely 
death  prevented  the  further  development  of  this  excellent  anal3rtical 

*  Contribution  from   the   Division  of   Carbohydrate  Investigations,   Bureau  of 
Chemistry. 

*  Compt.  rend.  Carlsberg  Laboratoire,  Copenhagen,  1,  189-95  (1881). 
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method  and  it  came  into  nottoe  next  in  1886,  when  O'Sullivan  and  Tomp- 
son»'  without  knowing  of  Kjeldahl's  procedure,  recommended  one  which 
is  substantially  the  same,  the  only  difference  being  that  thymol  is  not  used 
and  the  mixture  of  yeast  and  sucrose  solution  is  kept  at  55^,  at  whidi 
high  temperature  alcoholic  fermentation  is  prevented  and  the  action  of 
invertase  aided. 

Ling  and  Bak^r,'  and  more  recently  Ogilvie,'  have  followed  with  succ«^ 
O'SuIlivan  and  Tompson's  procedure  in  the  estimation  of  sucrose  in  a 
variety  of  cane  and  beet  products.  In  1910,  tbe  author^  sought  to  improve 
the  method  by  using  in  place. of  yeast,  a  purified  aqueous  extract  of  yeast 
vdiich  bad  strong  Inverting  power.  The  idea  was  that  >the  main  objection 
to  the  use  of  invertase,  as  a  hydrolyst  in  analytical  work,  came  from  the 
uncertainty  attaching  to  the  use  of  a  substance  of.  such  varying  properties 
as  yeast.  It  seemed  that  the  method  would  become  more, dependable 
if  a  procedure  could,  be  found  for  preparing  a  stodk  solution  of  invoitase 
which  would  keep  well,  have  a  definitely  known,  and  high,  inverting -power, 
and  be  as  free  as  possible  from  impurities.^ 

The  first  method  which  was  tried  was  the  extraction  of  invertase  from 
hving  yeast  by  water,  as  had  been  done  by  Kjeldahl,  but  the  inverting 
powers  of  the  extracts  were  too  low.  The  slow  autolysis  of  yeast  during 
several  weeks  keeping  at  lo''  to  20^,  which  had  been  recommended  by 
O'Sullivan  and  Tompson  as  a  method  for  preparing  aqueous  solutions  of 
invertase,  was  next  tried,  buit  while  these  experiments  were  in  progress^ 
H.  E.  Berger  and  the  author  observed  that  the  liquefaction  of  pressed 
yeast,  which  is  one  of  the  changes  that  is  noticeable  during  its  slow  autoly-* 
sis,  can  be  brought  about  in  a  few  minutes  by  allowing  the  vapors  of 
ether  or  chloroform  to  act  upon  living  yeast,  and  a  test  showed  that  the 
fluid  which  could  be  filtered  from  the  liquefied  yeast  had  strong  inverting 
power.*  It  became  possible,  therefore,  to  substitute  in  place  of  O'Sullivan 
and  Tompson's  method  of  preparing  invertase  by  very  slow  autolysis  an 
excellent  and  rapid  procedure  in  which  the  autolysis  is  accomplished  in  a 
few  hours  by  the  action  of  chloroform  upon  fresh  yeast.     It  was  found  that 

*  /.  Chem.  Soe.,  49,  64  (1S86);  s^  46  (1891). 
•/.  Soc,  Chem.  Ind.  17,  11 1-4  (1898). 

*Ihid.,  30,  62-4  (1911);  /»^  Sugar  /.,  14,  89-93  (191a). 

*  /.  Ind.  Bng.  Chem.,  a,  143-6  (1910). 

*One  recalls,  in  this  connection,  O'Sullivan  and  Tompson's  statement,  made  in 
1 891  {Loc.  cit.),  that  "The  estimation  of  cane  sugar  by  means  of  invertase  is,  without 
doubt,  a  perfectly  satisfactory  process.  The  only  disadvantage  consists  in  the  diffi* 
^ty  of  preparing  the  invertase.  Until  the  recent  publication  of  our  paper  on  in- 
vertase, this  objection  was  practically  fatal,  and  it  still  forms  a  great  drawback  to  the 
universal  application  of  the  process,  as  it  takes  at  least  three  wedcs  to  prepare  in- 
vertase by  our  method." 

*Salkowski  (Z.  physiol.  Chem.,  13,  520  (1889))  has  shown  that  sucroee  is  rapidly 
inverted  by  yeast  in  the  presence  of  chloroform  water. 
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the  aqueous  solution  which  could  be  filtered  from  the  liquefied  yeast 
could  be  ptirified  with  only  a  small  loss  in  its  inverting  power,  by  clarif3ring 
it  with  an  excess  of  neutral  lead  acetate,  filtering  off  the  precipitate,  and 
removing  the  excess  of  lead  from  the  filtrate  with  potassium  oxalate  or 
hydrogen  sulfide.  This  purification  of  the  invertase  solution  by  the  use  of 
neutral  lead  acetate  has*been  confirmed  by  Euler.^  The  purified  solution 
was  then  dialyzed  thoroughly  and  used  as  a  stock  reagent  for  inverting 
sucrose. 

As  ether  and  chloroform  had  each  caused  yeast  to  autolyze  very  rapidly 
and  give  up  its  invertase,  it  became  of  interest  to  test  the  action  of  other 
neutral  volatile  liquids  for  the  purpose  of  learning  which  substance  would 
cause  yeast  to  liberate  the  most  invertase.  Ether,  chloroform,  ethyl 
acetate,  acetone,  carbon  tetrachloride,  carbon  disulfide,  kerosene  oil,  and 
toluene  were  tried,  and  it  was  found  that  the  rapidity  of  the  liquefaction 
of  the  yeast  varied  considerably  and  that  toluene  caused  the  liberation  of 
far  more  invertase  than  did  chloroform  and  that  toluene  was  not  surpassed 
by  any  other  of  the  liquids  in  this  respect.*  Accordingly,  I  have  substi- 
tuted toluene  for  chloroform  in  the  method  for  preparing  invertase,  with 
an  important  increase  in  the  inverting  strength  of  the  resulting  purified 
extracts.  These  extracts  we  now  use  as  stock  reagents  for  the  hydrolysis 
of  sucrose. 

The  procedure  which  is  used  for  the  preparation  of  invertase  solutions 
may  be  understood  from  the  following  record.  Ten  kilos  of  .pressed  top 
fermentation  yeast,  from  the  Corby  Company,  Langdon,  D.  C,  were 
kneaded  well  with  10  liters  of  tap  water  and  500. cc.  of  toluene'  at  room 
temperature.     Liquefaction  of  the  yeast  was  noticeable  in  a  few  hours 

»Z.  physud.  Cketn.,  73,  338  (191 1);  also  "General  Chemistry  of  the  Enzymes/' 
English,  19 1 2  edition,  p.  26. 

*  After  our  experiments  had  been  completed,  it  was  learned  that  such  volatile 
liquids  have  been  used  in  "processes  for  obtaining  the  contents  of  yeast  cells/'  accord- 
ing to  the  British  patent  to  Ransford,  No.  8722,  April  27,  1901,  and  the  United  States 
patents  to  Hess,  No.  785.733  and  No.  785.734.  March  28,  1905.  The  processes  whidi 
are  described  in  these  patents  are  evidently  intended  for  extracting  soluble  albumin 
from  yeast  and  attention  was  not  directed  to  obtaining  a  maximum  yield  of  enzymes 
such  as  invertase.  In  these  patents,  there  is  no  distinction  made  between  the  low 
extraction  of  invertase  which  results  from  the  action  of  chloroform  and  the  high  ex- 
traction which  results  from  the  action  of  toluene.  We  have  found  that  the  use  of 
ethyl  acetate,  which  is  mentioned  in  Hess's  patent  as  particularly  suitable  for  ob- 
taining the  contents  of  yeast  cells,  gives  an  extract  whkh  is  very  weak  in  invertase  and 
quite  unsuitable  for  our  purpose. 

s  Nelson  and  Bom  (This  Journal,  36, 395  (1914))  have  recently  prepared  invertase 
from  yeast  by  allowing  the  compressed  yeast  to  autolyze  slowly  at  room  temperature 
during  two  to  six  weeks,  toluene  being  added  to  prevent  bacterial  growth.  This 
procedure  differs  from  the  one  here  described  in  that  we  thoroughly  saturate  the  yeast 
with  toluene,  after  mixing  it  with  an  equal  weight  of  water  to  aid  the  saturation,  and 
thereby  obtain  a  far  more  rapid  autolysis  than  they  produced. 
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and  on  the  third  day  a  test  of  the  activity  of  the  filtered  extract  from  the 
autolysis  showed  that  5  cc.  of  it  would  invert  half  the  sucrose  in  50  cc.  of 
a  9%  sucrose  solution,  acidified  with  2  drops  of  glacial  acetic  acid  and  kept 
at  30^,  in  5-9  minutes.  Other  experiments  have  repeatedly  shown  that  the 
extract  exhibits  considerable  activity  on  the  day  immediately  following 
that  upon  which  the  autolysis  was  started,  but  we  were  unable  to  test 
this  extract  so  early.  The  yeast  was  allowed  to  autolyze  two  days  longer, 
when  it  was  found  that  the  extract  would  invert  half  the  sucrose,  under 
the  conditions  recorded  above,  in  5.6  minutes.  On  the  third  day  the  value 
was  found  to  be  6.4  minutes,  showing  some  loss  in  activity.  Neutral 
lead  acetate  was  then  added  until  no  further  precipitate  formed  and  the 
activity  was  thereby  reduced  to  6.8  minutes.  Upon  treating  the  filtrate 
with  hydrogen  sulfide  to  remove  the  excess  of  lead,  the  activity  rose  to 
6.3  minutes,  which  shows  that  there  is  no  considerable  permanent  loss  in 
activity  due  to  the  use  of  lead  acetate  as  a  clarification  agent  and  that  the 
temporary  loss  of  activity  from  the  first  precipitation  is  caused  by  a  re- 
tarding action  of  the  excess  of  dissolved  lead  acetate  on  the  invertase. 
It  was  found,  in  confirmation  of  this  view,  that  the  addition  of  lead  acetate 
to  a  ptuified  invertase  solution,  in  which  no  precipitate  formed,  caused  a 
marked  loss  in  activity. 

The  preparation  of  invertase  from  bottom  fermentation  or  brewer's 
yeast  by  the  method  which  has  been  described  shows  some  points  of 
difference,  which  may  be  tmderstood  from  the  following  record.  Twelve 
kilos  of  pressed  brewer's  yeast  from  the  Heurich  Brewing  Company, 
Washington,  D.  C,  were  kneaded  well  with  12  liters  of  tap  water  and 
750  cc.  of  toluene  at  room  temperature.  On  the  succeeding  day  the 
filtered  extract  showed  an  activity  of  7.2  minutes  and  on  successive  fol- 
lowing days  the  number  of  minutes  required  for  half  inversion  were  5.7, 
4*3*  3*8  and  3.4.  At  this  point,  the  lead  acetate  was  added  and  the  ac- 
tivity became  4.0,  at  which  value  it  remained  after  the  excess  of  lead  had 
been  precipitated  by  hydrogen  sulfide.  It  will  be  observed  that  brewer's 
yeast  furnishes  an  invertase  solution  which  is  almost  twice  as  strong  as 
that  yielded  by  top  yeast. 

The  next  step  in  the  preparation  of  the  solutions  of  invertase  is  a  thor- 
ough dialysis.  It  is  advisable  to  carry  this  out  immediately  because  the 
extracts  are  markedly  acid  before  dialysis  and  often  lose  activity  rapidly 
in  this  condition.  Neutralization  causes  a  formation  of  color  which  does 
not  disappear  in  a  subsequent  dialysis.  The  most  suitable  membrane  for 
the  dialysis  which  has  been  found  is  a  collodion  sac  which  may  be  formed 
<ui  the  inside  of  a  glass  cylinder  about  5  cm.  in  diameter  and  35  cm.  long, 
i^esembling  a  large  test  tube.  The  collodion  solution,  which  is  of  Pharma- 
copeia strength,  is  poured  into  the  dry  test  tube,  filling  it,  and  wetting 
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the  walls  evenly.  The  solution  is  then  poured  back  into  the  stock  bottle, 
and  the  film  which  coats  the  test  tube  is  allowed  to  dry  with  even  thickness 
while  the  tube  is  gently  turned  during  five  or  ten  minutes.  When  the 
film  has  dried  until  it  is  no  longer  sticky,  the  test  tube  is  filled  with  water 
and  the  film  soaked  for  a  few  minutes.  The  water  is  then  poured  out,  the  film 
is  loosened  at  the  top  from  the  tube,  and  water  is  run  in  between  film  and 
tube  at  the  loosened  place.  The  pressure  of  the  water  loosens  the  entire  film 
and  it  may  readily  be  removed  from  the  test  tube.  In  order  to  dial3rze  the 
invertase  solutions,  they  are  poured  into  the  collodion  sacs  and  these  are 
immersed  in  running  tap  water,  a  layer  of  toluene  to  retard  bacterial 
action  being  on  the  surface  of  the  solutions.  Dialysis  is  frequently  com- 
plete overnight,  the  time  required  depending  much  upon  the  quality  of  the 
membrane. 

The  dialyzed  solutions  are  colorless,  without  taste  or  odor,  develop  none 
upon  boiling,  and  yield  on  the  average  about  two-tenths  of  i%  of  solid 
material  when  evaporated  to  dryness  on  a  water  bath.  Numerous  tests 
have  shown  that  there  is  no  loss  of  invertase  during  the  dialysis,  but  the 
absorption  of  water  by  the  solutions  causes  some  dilution.  The  dialyzed 
solutions  may  be  preserved  with  toluene  at  room  temperature  and  in 
distinction  from  the  dialyzed  solutions  of  other  enzymes,  they  preserve 
their  activity  well.  During  the  first  month's  keeping  the  solutions  show 
no  loss  in  activity  and  at  the  end  of  a  year  the  activity  is  iabout  half  lost 
Their  inverting  strength  is  enough  to  cause  the  hydrolysis  of  sucrose 
solutions  over  night,  under  usual  analytical  conditions,  and  is  many  fold 
larger  than  that  of  the  invertase  solution  whidi  was  previously  recom- 
mended, made  by  hastening  the  autolysis  of  yeast  with  chloroform.  The 
dialyzed  solutions  we  have  concentrated  and  even  dried  without  loss 
in  activity  by  boiling  at  not  over  30°  in  a  vacuum.  This  work  will  be 
described  later,  when  it  is  hoped  that  a  description  of  the  solid  material, 
which  must  include  the  invertase,  can  be  made. 

It  may  be  noted  that,^  though  the  dialyzed  invertase  solutions  have  an 
unusually  strong  power  of  hydrolyzing  sucrose,  test  has  shown  them  to  be 
without  any  action  on  a-methyl-glucoside,  thus  confirming  the  generally 
accepted  view  that  this  substance  is  not  hydrolyzed  by  invertase.  They 
also  show  no  action  upon  solutions  of  maltose  or  lactose.  An  interesting 
observation  concerning  raffinose  was  noted.  H.  S.  P^ne  and  T.  S.  Hard- 
ing noticed  that  an  invertase  solution,  which  the  latter  prepared  from  iof 
fermentation  yeast,  obtained  from  the  yeast  factory  of  the  Corby  Com- 
pany, Langdon,  D.  C,  changed  the  specific  rotation  of  a  solution  of  an- 
hydrous raffinose  from  +123°  to  +63.9°.  On  the  other  hand,  a  »milar 
invertase  solution  which  was  prepared  from  bottom  fermentation  yeast, 
obtained  from  the  Heurich  Brewing  Company,  Washington,  D.  C,  changed 
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the  rotation  from  +123®  to  +14.9®.*  This  interesting  difference  wet 
attribute  to  the  presence  of  an  enzyme  in  the  invertase  sohition  from> 
bottom  yeast  which  carried  the  hydrolysis  of  ra£Snose  a  step  beyond  that; 
which  invertase  causes.  Probably  invertase  and  melibiase  are  in  the 
scdution  which  was  prepared  from  bottom  yeast,  while  melibiase  is  lacking 
in  that  made  from  top  yeast.  This  view  corresponds  to  the  well  known  fact> 
that  top  yeast  ferments  raffinose  to  alcohol  and  melibiose»  and  bottonu 
yeast  ferments  it  completely  to  alcohol.  T.  S.  Harding  and  the  writer; 
have  worked  out  an  analytical  method  for  estimating  rafiinose  ill  solutionts 
containing  other  sugars,  by  utiUzing  the  difference  in  rotation  which  iSi 
observed  when  the  solution  is  acted  upon,  first  by  invertase  from  top  yeast,i 
and  then  by  invertase  and  melibiase  from  bottom  yeast. 

BimSAu  ov  CasHisTBT,  Dspaktmsnt  o»  AomicoLToua, 
Wabhimoton,  D.  C. 


THB  INVERSION  OF  SUCROSE  BT  INVERTASE.    IZ.    IS  THB 
REACTION  REVERSIBLE?*  i 

By  C.  S.  HpvaoN  and  H.  S.  Paws.* 
Received  May  15.  1914. 

The  synthetic  production  of  sucrose  by  various  plants,  ultimately  from 
carbon  dioxide  and  water,  is  a  firmly  founded  fact,  though  it  is  not  jppsi- 
tively  known  what  substances  are  the  intermediate  products  in. the  syn-j 
thesis.  Many  plants  also  synthesize  an  enzyme  of  unknown  composition 
called  invertase,  which  can  accomplish  the  hydrol3rsis  of  sucrose  to  glucosc| 
and  fructose*  Thus  the  synthesis  of  sucrose  may  proceed  in  pl^ts  alcjiij^ 
with  its  decomposition  by  invertase.  If  the  last  stage  in  the  synthesiaf 
should  prove  to  be  the  uniting  oi  glucose  and  fructose  to  yield  sucrose^ this 
change  would  represent  the  reverse  reaction  to  the  hydrolysis  of  sucrose  l>|[ 
invertase.  It  has  been  suggested  at  various  times  that  tlie  ^nzymi^ 
invertase  can  accomplish  such  a  synthesis  of  sucrose  from  glupose  and 
fructose,  and  that  therefore  the  inversion  of  sucrpse  by  invertase  ;V5.,^ 
balanced  or  revensible  reaction.  The  present  investigatipn  wa^  under- 
taken for  the  purpose  of  obtaining  experimental  evidence  uppn  thi^  ques; 
tion,  partly  because  the  subject  is  of  some  general  interest  and, partly 

1  The  values  63.9^  and  14.9*  correspond  almost  exactly  to  those  (64.9^  and  14.9 f^ 
which  have  been  calculated  by  C.  A.  Browne  ("Handbook  of  Sug^r  Analysis/' p.; 73;!) 
for  the  two  steps  that  are  to  be  expected  in  the  hydrolysis  of  raffinose,  which  may  be 
represented  as  the  reactions  '  ' 

CiiHaOw  -f-  2H,0  -  Ci,H«On  +  C4Hi,0,  +  H,0  «  CJIuO.  -f-  CJIi,0.  +  C^HuA'. 
(taffinose)  (melibiose)     (fructose)  (glucose)    (galactose)  (fructose) 

*  Read  at  the  Minneapolis  meeting  of  the  American  Chemical  Society  in  Becem- 
^f  *9io. 

•  Contribution  from  the  Division  of  Carbohydrate  Investigations,  Bureau  of  Chem- 
■try. 
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because  it  became  necessary  to  know  whether  invertase  accomplishes  a 
oomplete  hydrol3rsis  of  sucrose  in  connection  with  an  investigation  on  the 
possible  use  of  this  enz3nEne  in  the  quantitative  estimation  of  sucrose.^ 

Repetition  of  Osaka's  Experiments. — In  a  recent  article,  Osaka*  claims 
to  have  shown  by  accurate  experiments  that  the  well  known  hydrolysis 
of  sucrose  by  acids,  which  has  heretofore  been  regarded  as  an  irreversible 
reaction,  is  really  reversible,  and  indeed  to  the  extent  of  an  easily  de- 
tectable amount,  i%,  under  certain  favorable  conditions.  If  this  con- 
dusicm  of  Osaka  is  correct,  it  gives  much  ground,  from  a  theoretical  stand- 
point, for  the  view  that  the  inversion  of  sucrose  by  invertase  is  also  a 
reversible  reaction,  because  both  add  and  enzyme  are  to  be  regarded  as 
catalysts  of  the  hydrolysis,  and,  since  the  equilibria  of  the  better  investi- 
gated reversible  reactions  are  not  changed  by  catalysts,'  though  the  rate 
of  reaction  is,  it  might  be  expected  that  invertase  will  cause  the  synthesis 
of  sucrose  from  glucose  and  fructose  if  the  other  catalysts,  acids,  do  so. 
It  is  necessary  to  consider  the  details  of  the  procedure  in  Osaka's  ex- 
periments, although  they  are  rather  complicated.  Osaka  reasoned  that, 
since  the  synthesis  of  sucrose  from  invert  sugar  is  a  combination  of  two 
substances  (glucose  and  fructose)  to  produce  one,  it  should  proceed  more 
favorably  in  concentrated  than  in  dilute  solutions.  All  of  Osaka's  ex- 
periments are  similar  and  we  have  therefore  selected  for  careful  repetition 
the  one  in  which  he  obtained  the  best  indication  of  reversibility  during 
acid  hydrolysis.  This  experiment  concerns  the  h)ndrolysis  of  sucrose  by 
hydrochloric  add  in  an  aqueous  solution  of  about  6i%  sugar  strength, 
which  is  the  highest  concentration  that  Osaka  studied.  He  describes 
this  experiment  as  follows: 

"Twenty  grams  of  cane  sugar  were  introduced  into  a  weighed  measuring 
flask  of  25  cc.  capadty  and  dissolved  in  a  small  quantity  of  water  by  warm- 
ing. When  cold,  5  cc.  of  2.5  ^  hydrochloric  add  were  added  and  the 
solution  diluted  to  almost  25  cc.  A  small  piece  of  camphor  was  then  added 
to  the  solution*  and  the  flask  left  in  a  thermostat  at  25®  over  night.  On 
the  next  day  water,  at  25**,  was  added  to  make  exactly  25  oc.  and  the 
flask  and  contents  were  weighed.  About  5  cc.  of  the  solution  were  taken 
out  from  each  of  the  duplicate  solutions  into  two  weighed  measuring 
flasks  of  25  cc.  capadty  and  weighed.  About  4  cc.  of  2.5  N  hydrochloric 
add  were  added  to  each  of  them,  and  the  solutions  diluted  to  about 
25  cc.  The  foiu-  diluted  solutions  thus  prepared,  together  with  the  two 
original  solutions,  were  again  left  in  the  thermostat  over  night. 

*  /.  Ind.  Eng,  Chem.,  2,  143-6  (1910). 

*  /.  Cot,  Sci.,  Imp.  Univ.  Tokyo,  35,  Art.  i  (1908). 

'  van't'Hofif,  "Die  Chemische  Dynamik/'  p.  210  (1898). 

*  This  addition  was  presumably  for  the  purpose  of  preventing  the  growth  of 
microdrganisms  though  the  high  acidity  of  the  solution  accomplishes  this  effectively* 
according  to  our  experience.    H  and  P. 
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"On  the  next  day  about  5  cc.  of  the  two  original  solutions  were  taken 
out,  each  into  two  weighed  measuring  flasks  of  25  cc.  capacity,  and  weighed. 
In  order  to  prevent  its  further  inversion  on  dilution,  3.4  g.  of  sodium 
acetate  were  added  to  the  solutions  taken  out,  which  were  then  diluted 
to  the  mark.  The  same  amount  of  the  salt  was  also  introduced  iiito  each 
of  the  solutions  diluted  the  day  previous,  to  make  them  as  nearly  as  possible 
similar  to  those  newly  prepared*  and  then  the  solutions  were  fmther  di- 
luted to  the  mark.  It  was  €iscertained  by  experiment  that  a  small  differ- 
ence in  the  concentrations  of  hydrochloric  acid  exerts  no  perceptible 
influence  on  the  optical  rotations  of  the  sugar  solutions.  The  eight  dilute 
solutions  thus  prepared  were  then  subjected  to  polarimetric  observations 
a  polarization  apparatus  after  Landolt  being  used  with  a  Lippich  polarizer. 
In  order  to  obtain  the  mean  value  of  the  rotations  of  the  solutions  of  the 
same  treatment  and  to  be  able  to  compare  those  of  solutions  of  different 
treatments  with  each  other,  it  was  asstuned  that,  within  narrow  Umits  of 
concentration,  as  in  the  case  in  hand,  the  rotations  are  proportional  to 
the  concentrations  of  the  solutions.  The  average  amount  of  the  solutions 
taken  out  in  eight  instances  was  6.3776  g.  The  rotation  of  this  weight 
of  solution  diluted  to  25  cc.  was  calculated  from  the  weights  and  respective 
rotations  (when  diluted  to  25  cc.  final  volume)  of  the  eight  samples  above 
to  be  viz: 

Inverted  In  orig .  soln.  Inverted  in  dil.  soln. 

—6.325  —6  587 

— 6.307  — 6.625 

— 6.310  — 6.586 

— 6. 311  — 6.578 


Mean,*    — 6.313  Mean,    — 6.594 

"Twenty-five  cc.  of  the  original  solution  weighed  32.793  g.  and  con- 
tained 20  g.  sugar,  so  that  6.3776  g.  of  the  solution  contained  3.8S96  g. 
The  same  amount  of  sugar  was  dissolved  in  water  with  the  addition  of 
sodium  acetate  and  hydrochloric  acid  so  as  to  make  the  solution  similar 
to  those  in  the  other  cases,  diluted  to  25  cc.  and  polarized.  The  mean  of 
the  two  polarizations  was  +20.099.  Thus  the  degree  of  the  inversion  In 
the  original  solution  in  percentage  is  as  follows: 

20.099  +  6.313 


20.099  +  6.594 


X  100  =  98.9%." 


^  One  observes  that  though  the  two  sets  of  solutions  were  thus  made  similar  in 
respect  to  salt  content,  they  differed,  in  that  the  set  which  represented  inversion  in 
concentrated  solution  had  stood  one  day  longer  in  a  highly  acid  condition.  This  matter 
is  discussed  later,  on  page  1575,  et  seq.    H.  and  P. 

*  These  readings  presumably  refer  to  a  tube  length  of  30  cm<  and  to  circular  de- 
grees and  sodium  light.    H.  and  P. 
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Prom  these  data  Osaka  concluded  that  i.i%  of  sucrose  was  synthesized 
during  the  experiment. 

Our  repetition  of  Osaka's  experiment  was  carried  out  in  duphcate  and 
the  final  measurements  which  were  obtained  by  the  same  method  of  ex- 
perimentation just  quoted  are  as  follows: 

Inverted  in  con-  Inrcrted  in 

centrated  solution.  dilate  solntioa. 

First  experiment — 19  65  First  experiment — 20. 25 

Second  Experiment — 19. 70  Second  experiment — 20.40 


Meaa#*    — 19  67  Mean.    — 20.3a 

These  restdts  fully  confirm  Osaka's  values  as  to  the  direction  of  the 
rotation  difference  and  its  approximate  magnitude.  Having  thus  du- 
plicated a  typical  one  of  his  experiments,  we  wish  to  examine  his  interpre- 
tation of  them.  It  is  to  be  observed  that  in  the  quoted  experiment  of 
Osaka's,  4  cc.  of  2.5  AT  hydrochloric  acid  were  added  to  each  of  the  flasks 
containing  the  solutions  to  be  inverted  in  dilute  solution;  on  dilution  to 
25  cc,  the  aridity  was  then  the  same  as  in  the  original  solution  when  made 
to  the  volume  mark.  On  the  other  hand,  no  acid  was  added  to  the  solu- 
tion which  had  been  removed  from  the  original  solution  and  to  which 
sodium  acetate  had  been  added  to  stop  any  fiuther  inversion.  Its  acidity 
was,  therefore,  only  a  fifth  of  the  acidity  of  the  solution  which  had  been 
diluted  without  addition  of  sodium  acetate.  It  is  well  known  that  hydro- 
chloric add  increases  the  levo-rotation  of  invert  sugar  solutions,*  the 
increase  being  approximately  in  proportion  to  the  concentration  of  add 
present,  and  it  seemed  possible,  therefore,  that  the  difference  in  rotation 
of  the  two  sets  of  solutions  might  be  due  to  such  an  influence.  The  follow- 
ing experiments  were  accordingly  made. 

Fifteen  (15)  cc.  of  a  solution  containing  13.445  g.  each  of  piure  glucose 
and  fructose,  in  100  cc.  were  added  to  each  of  four  25  cc.  flasks.  After 
addition  of  hydrochloric  add  and  soditmi  acetate  as  indicated  below,  the 
volumes  were  completed  to  25  cc.  at  20^  and  the  rotations  read  in  a  200  mm. 
tube  at  that  temperature  in  a  saccharimeter.  The  concentration  of  invert 
sugar  in  these  solutions  was  nearly  the  same  as  for  the  solutions  employed 
in  our  repetition  of  Osaka's  experiment. 

(i)  One  cc.  of  2.5  N  hydrochloric  acid,  3.4  g.  sodium  acetate.  Rotation 
—19.0'*  V. 

(2)  Five  cc.  of  2.5  N  hydrochloric  add,  34  g.  sodium  acetate.  Rotation 
— i9.o'*V. 

(3)  One  cc.  of  2.5  iST  hydrochloric  acid,  no  sodium  acetate.     Rotation  — 16.95*  V. 

(4)  Five  cc.  of  2.5  N  hydrochloric  acid,  no  sodium  acetate.     Rotation  — 17.35**  V. 

>  These  measurements  refer  to  a  tube  length  of  20  cm.,  and  to  Ventzke  degrees, 
using  white  light.  If  expressed  in  circular  degrees  they  agree  fairly  well  with  Osaka's 
quoted  values,  since  100  Ventzke  degrees  equal  about  34.6  circular  degreea. 

•  von  lyippmann,  Chemie  der  Zuckerarien,  i,  922  (1904), 
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These  experiments  (3  and  4)  confirm  the  well  known  influence  of  the 
add  concentration  on  the  rotation  of  invert  sugar,  but  show  further  (i  and 
2)  that  in  the  presence  of  soditmi  acetate,  which  neutralizes  the  acid,  the 
variation  in  the  strength  of  the  latter  does  not  affect  the  reading.  Ac- 
cordingly,  the  greater  negative  rotation,  when  the  sucrose  was  inverted 
in  dilute  solution,  cannot  be  due  to  the  influence  of  the  add,  which  had 
been  added  in  greater  amount  than  when  the  sugar  was  inverted  in  higher 
concentration. 

In  Osaka's  experiment  the  portion  of  origkial  solution  inverted  in  con* 
oentrated  solution  was  not  removed  until  die  day  foUowing  the  removal 
of  the  portion  intended  for  inversion  in  dilute  solution;^  it,  tfaei1efore> 
stood  in  concentrated  solution  in  the  presence  of  5  oc.  of  2.5  iV  hydrochloric 
add  per  25  cc.  for  one  c^y  longer  than  did  the  portion  intended  for  tn- 
versicm  in  dilute  solution.  Any  'destmctiDn  of  invert  sugar  (psrticttlarly 
of  fructose)  by  the  add  diuing  this  period  might,  therefore,  have  been  dif- 
ferent in  degree  in  the  portions  inverted  in  concentrated  and  dilute  solu- 
tion, thus  causing  their  rotations  to  be  different.  In  order  to  test  this 
possibility,  the  following  experiments  were  carried  out,  the  procedure 
being  the  same  as  Osaka's,  with  the  exception  that  the  5  cc.  for  inversion 
in  concentrated  solution  were  removed  at  the  same  time  as  the  5  cc.  in- 
tended for  inversion  in  dilute  solution.  The  procedure  of  making  up  the 
final  volume  of  25  cc.  for  the  inversions  in  concentrated  and  dilute  solu- 
tions is  indicated  bdow.  The  solutions  were  kept  at  25^  and  were  read 
in  a  saccharimeter  at  20^  as  soon  as  the  voltmies  were  completed  to  25  cc. 
For  sodium  acetate,  a  solution  which  contained  2.05  g.  of  the  anhydrous 
salt  in  7  cc.  (which  was  fotmd  by  trial  to  be  suffident  to  stop  inversion) 
was  employed. 

Concentrated  loltttion.      Dilute  soltttion. 
Cc.  Cc. 

Added  on  the  first  day: 

Oriipnal  solution' 5  5 

Sodium  acetate  solution 7  o 

2.$  N hydrochloric  acid o  4 

Water 5  8 

17  17 
Added  further  on  the  second  day: 

Soditmi  acetate  solution o  7 

Water 8  i 

25  25 

In  addition  to  an  original  solution  containing  80  g.  of  sucrose  in  100  cc., 
"  See  note  i  on  page  1573. 

'  It  was  found  necessary  for  acctu'acy  to  weigh  the  quantity  of  original  solution 
which  was  used;  these  weights  are  recorded  in  the  second  and  third  colimms  of  the 
fdlowing  tables. 
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three  solutions  were  prepared  and  tested  in  the  same  manner:  (a)  A. 
sohition  of  equal  parts  of  glucose  and  fructose  corresponding  to  the  above 
sucrose  solution;  (b)  a  fructose  solution  of  one-half  the  concentraticHi  of 
the  invert  sugar  solution;  (c)  a  glucose  solution  of  one-half  the  concentra- 
tion of  the  invert  sugar  solution.  The  results  of  these  experiments,  iiL 
which  portions  of  the  original  solutions  intended  for  inversion  in  con- 
oentrated  and  dilute  soluti(m  had  been  removed  each  day  for  a  number 
of  days  in  order  to  determine  the  eflfect  of  the  prolonged  action  of  hydro- 
chloric acid  on  the  original  solutions,  are  shown  in  Tables  I~IV. 

All  of  the  polarizations  were  checked  by  a  standardized  quartz  plate 
and  the  rotations  are  corrected  for  any  change  of  zero  of  the  instrument 
during  the  period  of  the  experiments.  The  data  show  that  concentrated 
solutions  of  inverted  sucrose,  of  invert  sugar  prepared  by  mixing  pure 
glucose  and  fructose,  and  of  fructose,  decrease  in  levorotation  progressively 

TaBLB  I — SUCROSB. 


Date. 
Jan.    9 

lO 

II 

12 

13 
14 
i6 

17 
i8 


Sample 

weigbt, 

dUute 

inversion. 

G. 

6.2150 

6.2232 

6.2590 

6.1050 

6.1310 

6.1410 

6.2695 

6.1235 

6.2235 


Sample 

weight, 

concentrated 

inversion. 

G. 

6 . 1050 

6.2355 
6.1890 
6.1165 
6.1475 
6.1550 
6.1655 
6.1355 
6.3440 


Rotation, 
dilute. 

—18.45 
— 18.20 

—17.75 
— 16.70 
— 16,30 
—15.80 
—15.70 
— 15.00 
— 1500 


Rotation, 
concentrated. 

— 18.20 

— 18.20 

—17.65 

—16.80 

— 16.40 

—15.90 

—15.35 

— 15.00 

—15.30 


RoUtion. 
dUute 
(cor.).« 

—18.35 

— 18.05 

—17.55 

— 16.90 

—16.45 
—15  90 
—15.50 
— 15.16 
—14.90 


Rotation. 

concentrated 

(cor.).» 

—18.45 
—18.05 
—17.60 
— 17.00 
— r6.50 
—15.95 
—15.40 
— 15  10 
—14.90 


Av 6.1808 


Tabids  II — Invbrt  Sugar. 


Date. 
Jan.  9 
10 
II 
12 
13 
14 
16 

17 
18 


Sample 

weight, 

dilute 

inversion. 

G. 

6.1600 

6.2140 

6.0040 

6.0960 

6.1245 

5.9855 

6.0610 

5  9950 

6.0850 


Sampk 

weight. 

concentrated 

inversion. 

G. 

6.1350 

6 . 2020 

6.0065 

6 . 2650 

6.1240 

6.1165 

6.1240 

6.0780 

6.1620 


Rotation, 
dilute. 

—18.30 

— 18.00 

— 16.90 

—16.85 

—16.55 

— 16.00 

—15.75 
—15  30 
—15.30 


Rotation, 
concentrated. 

—18.35 
—18.05 
— 17.00 
—17.40 
— 16.60 
—16.35 
— 16.00 
—15.45 
—15  50 


RoUtion. 
dUute 

(bor.).» 

— 18.15 
—17.70 
— 17.20 
— 16.90 
— 16.50 
—16.35 
—15.85 
— 15.60 
—15.35 


Rotation, 
concentrated 

(cor.).« 

—18.25 
—17.75 
—17.30 
—16.95 
—16.55 
—16.35 
—15.95 
—15  55 
—15.35 


Av 6.1077 

*  Corrected  to  a  uniform  sample  weight  of  6.1808  g.  by  direct  proportion. 

*  Corrected  to  a  uniform  sample  weight  of  6.1077  g.  by  direct  proportion. 
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Table  III — Glucosb. 


Bate. 

Sample 

weight, 

dilute 

inTeraioii. 

0. 

Sample 

weight, 

concentrated 

inversion. 

G. 

RoUtion, 
dHute. 

RoUtion. 
concentrated. 

RoUtlon. 
dilute 
(cor.).« 

Rotation. 

concentrated 

(cor.).« 

Jan. 

9 

5  6650 

5.6600 

+23.15 

+23.05 

+23.10 

+23.05 

10 

5  6470 

5  6550 

+23.10 

+23.10 

+23.15 

+23.10 

II 

5.6640 

5.6875 

+23.10 

+23.15 

+23.05 

+23.05 

12 

5.6285 

5.6320 

+  23.00, 

+22.90 

+23.10 

+23.00 

13 

5.6460 

5.6810 

+  23.05 

+23.05 

+23.10 

+22.95 

H 

5  6630 

5.6675 

+23.10 

+  23.05* 

+23.10 

+23.00 

16 

5.6725 

5.6645 

+23.10 

+23.05 

+23.05 

+23.00 

17 

5.6530 

5.6560 

+23.05 

+22.9^ 

+23.05 

+22.95 

18 

5  6395 

5.6465 

+23.00 

+22.95 

+23.05 

+23.00 

Av. 

5  6571 

Date. 

Sample 

weirfit. 

dilate 

iavenion. 

0. 

Tablb  IV— Fructosb. 

Sample 

weight. 

concentrated 

G.                  dilute.         concentrated. 

RotaUon. 
dUate 

(cor.).t 

RoUtion, 

ooocMtrated 

(cor.).t 

Jan. 

9 

5.7000 

5  6950 

—42.35 

—42.25 

—42 .  15 

— ^42 .  10 

10 

5.6510 

5.6730 

— ^41.60 

—41.65 

— ^41.80 

—41.65 

II 

5.6715 

5.6600 

—41 .65 

—41.45 

—41.65 

—41.55 

12 

5.6595 

5.6890 

—41.30 

-41.50 

—41.40 

—41.40 

13 

5  6695 

5  6750 

— ^41 .00 

— 41 .00 

—41   05 

— ^41.00 

14 

5  6955 

5.7020 

—40.85 

—40.95 

—40.70 

—40.75 

16 

5.6700 

5.6810 

—40.50 

—40.65 

—40.55 

— ^40.60 

17 

5.6560 

5.6135 

—40.25 

—40.05 

—40.40 

—40.50 

18 

5.6870 

5.6980 

—40.40 

—40.55 

—40.30 

—40.40 

Av. 

.     5.6748 

'With  age  when  hydrochloric  acid  is  present.  It  is  evident  that  the  de- 
composition of  fructose  by  the  acid  is  responsible  for  the  change  of  rotation, 
since  the  solution  of  glucose  in  acid  retains  a  constant  rotation.  It  will 
be  recalled  that  in  Osaka's  experiment  the  reading  of  the  solution  which 
was  removed  on  the  first  day  and  allowed  to  stand  in  dilute  solution  (in 
which  the  destruction  of  fructose  is  arrested)  was  — 6.594  circular  degrees, 
while  that  of  the  solution  which  was  removed  on  the  second  day  and  im- 
mediately diluted  and  read  was  only  — 6.313.  The  difference  of  0.281  ^ 
corresponding  to  0.81  ^  Ventzke,  is  of  the  same  order  of  magnitude  as  the 
average  daily  loss  in  rotation  recorded  in  Tables  I,  II,  IV,  that  is,  about 
0.35®  Ventzke.  The  somewhat  higher  value  of  Osaka's  experiment  may 
be  due  to  his  working  at  25  ^  whereas  our  experiments  were  made  at  20^. 
Our  experiments  show  no  certain  difference  in  rotation  between  sucrose 
solutions  which  are  inverted  in  dilute  and  in  concentrated  solution,  pro- 
vided the  inversions  are  carried  out  under  comparable  conditions.    We 

^  Corrected  to  a  uniform  sample  weight  of  5.6571  g.  by  direct  proportion. 

'  Corrected  to  a  uniform  sample  weight  of  5.6748  g.  by  direct  proportion. 
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are  forced  to  discard  Osaka's  experiments  because  the  inversions  in  dilute 
and  concentrated  solutions  were  not  carried  out  under  comparable  con- 
ditions. The  conclusion  from  our  experiments  is  that  the  hydrolysis  of 
sucrose  by  hydrochloric  acid  is  not  to  any  detectable  degree  a  reversible 
reaction  in  aqueous  solution. 

Repetition  of  Visser*s  Experiments, — ^Visser*  states  that  the  inversion  of 
sucrose  by  invertase  is  not  complete  as  compared  with  its  inversion  by 
acids;  a  0.25  N  sucrose  solution  gave,  after  inversion  by  invertase,  a  rota- 
tion of  — ^3.26®,  while  the  rotation  of  a  similar  solution  inverted  by  a  0.25 
N  hydrochloric  acid  was — ^3.42®.  He  therefore  assumes  the  existence  of 
an  equilibrium  in  the  hydrolysis  of  sucrose  by  invertase,  which  would 
afford  a  basis  for  the  belief  that  this  reaction  is  reversible.  In  our  repeti- 
tion of  Visser's  experiments  (the  rotations  of  the  solutions  were  read  in  a 
saccharimeter  and  with  a  tube  of  different  length  from  that  used  by 
Visser),  — 20.7®  and  — 19.5**,  respectively,  were  obtained  for  the  solutions 
inverted  by  hydrochloric  acid  and  invertase;  after  exactly  neutralizing 
the  former  with  sodiimi  carbonate,  to  make  it  really  comparable  with  the 
latter,  which  was  very  slightly  acid  with  acetic,  the  rotation  became 
— 19.6.  The  difference  observed  by  Visser  was,  therefore,  due  to  the  well 
known  influence  of  hydrochloric  acid  on  the  optical  rotation  of  invert 
sugar,  and  does  not  indicate  the  existence  of  an  equilibrium  in  the  inversion 
of  sucrose  by  invertase.  Visser  also  stated  that  a  solution  containing 
equal  parts  of  glucose  and  fructose,  in  an  amount  equivalent  to  a  0.25  N 
sucrose  solution,  gave  a  rotation  of  — 3.42^,  that  is,  the  same  as  a  0.25  AT 
sucrose  solution  inverted  by  hydrochloric  acid.  As  this  statement  is, 
however,  in  full  disagreement  with  the  well  known  influence  by  hydro- 
chloric acid  on  the  rotation  of  invert  sugar  solutions,  the  experimental 
data  cannot  be  accepted.  A  synthesis  of  sucrose  from  invert  sugar  which 
Visser  supposedly  obtained  is  described  by  him  in  the  following  words: 
"A  solution,  which  contained  equal  amounts  of  fructose  and  glucose,  showed 
an  initial  rotation  of  — 12.46®;  after  being  subjected  to  the  action  of 
invertase  for  two  months,  the  rotation  was  — 12. 29**."  No  further  details 
in  regard  to  this  experiment  are  given.*  The  possibility  of  this  supposed 
reversion  was  tested  by  diluting  a  solution,  containing  equal  amounts  of 
glucose  and  fructose  with  a  solution  of  invertase,*  so  that  the  rotation  after 
dilution  was  approximately  the  same  as  that  of  a  certain  quartz  plate; 
the  latter  was  Used  to  control  the  constancy  on  the  saccharimeter  scale  of 
the  initial  nJtation  of  the  solution.  After  addition  of  toluene  to  prevent 
the  growth  of  microdrganisms,  the  solution  was  kept  in  a  200  mm.  tube  and 

*  Z.  physik.  Chem.,  52,  275  (1905). 

•  The  invertase  solution  which  was  used  in  these  and  the  other  eatperiments  re- 
corded in  this  article  was  prepared  from  yeast  by  rapid  autolysis  according  to  the 
method  described  by  one  of  us  in  the  accompanying  article. 
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the  rotation  at  20®  observed  at  various  times  during  a  period  of  three  and 
a  half  months.  AH  of  the  readings  lay  between  the  values  — ^50.65  and 
— ^50.70,  as  compared  with  the  reading  of  the  quartz  plate,  which  was 
— ^50.15.  There  was  accordingly  no  change  in  rotation  beyond  the  limits 
of  experimental  error  and  no  S3mthesis  of  sucrose  was  detected. 

As  an  indication  of  the  activity  of  the  invertase  present  in  this  solution, 
it  may  be  stated  that  a  sucrose  solution  of  equivalent  concentration  and 
containing  the  same  amotmt  of  invertase  was  half  inverted  in  one  and 
one-half  days  at  20**.  This  experiment  was  better  controlled,  we  believe, 
than  was  Visser's  and  no  indication  of  a  synthesis  of  sucrose  by  the  action 
of  invertase  was  found. 

KohVs  Experiment, — ^F.  G.  KohP  has  stated  that  "yeast  extracts  with  a 
high  inverting  power,  when  acting  on  sucrose  solutions  of  known  con- 
centration in  the  absence  of  light  and  at  different  temperatures,  produced 
glucose  and  fructose  up  to  certain  limits  and  then  remained  stationary 
or  brought  about  a  reversion."  This  supposed  reversion  was  tested  as 
follows,  the  degree  of  acidity  being  varied  by  adding  acetic  acid  and 
sodium  phosphate  to  the  solutions  in  view  of  the  possibility  that  the  acidity 
may  play  an  important  part  in  reversion.  Five  200  mm.  observation 
tabes  were  prepared  so  that  each  one  contained  a  synthetic  invert  sugar 
solution  (equal  amounts  of  glucose  and  fructose)  of  the  same  strength 
and  a  small  amount  of  potassium  fluoride  to  prevent  the  growth  of  micro- 
organisms; the  concentration  of  these  invert  sugar  solutions  was  10  g. 
per  loo  cc.  The  hydrogen  ion  concentrations  were  10**,  10"  •,  lo""^,  io~*, 
and  io~',  respectively,*  or,  in  other  words,  the  first  two  sdutions  were 
slightly  acid,  the  third  was  approximately  neutral,  and  the  last  two  were 
slightly  alkaline.  The  invertase  used  was  quite  active;  when  diluted 
I  to  II,  it  inverted  a  0*5%  sucrose  solution  to  the  extent  of  50%  in  5 
minutes  at  30^.  The  diluticm  of  this  invertase  in  the  above  sugar  solutions 
was  3  to  40.  All  the  solutions  were  kept  in  the  dark  during  the  experiment. 
The  data,  as  indicated  in  Table  V,  do  not  give  evidence  of  any  reversion  of 
invert  sugar  to  sucrose. 

Tabi»  V.^Tbbipbraturb  20**. 


Date. 

10-«H+. 

io-«. 

io-». 

ia-«. 

lO-t. 

QimtU  plate. 

Dec.    15 

—12.35 

—12.40 

—12.35 

—12.35 

—12.35 

—50.15 

19 

—12.35 

— 12.40 

—12.35 

—12.35 

—12.35 

—50.15 

22 

—12.35 

—12.35 

—12.35 

— 12.30 

—12.35 

—50.15 

Jan.      4 

—12.35 

— 12.40 

— 12.30 

—12.35 

—12.35 

—50.15 

ID 

— 12.40 

—12.45 

—12.35 

— 12.40 

— 12.40 

—50.15 

28 

—12.35 

—12.35 

— 12.30 

—12.35 

— 12.40 

—50.15 

Mar.  23 

— 12.40 

—12.35 

—12.35 

—12.35 

— 12.40 

—50.15 

^  Bat.  Cenirhl.,  Beiheftc,  Abt.  I,  23,  6^J-6^o,  Jan.  10,  1908. 

*  Cf.  A.  A.  Noyes,  This  Journal,  32|  823  (1910),  for  the  preparation  of  solutions 
with  these  hydrogen  ion  concentrations. 
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PantaneUi*s  Experiments, — In  1906,  Pantanelli^  published  a  nixmber 
of  experiments  on  the  inversion  of  sucrose  by  aqueous  extracts  of  the  mold 
Mucar  mucedo.  Among  them  are  three  instances  in  which  the  power 
of  an  invert  sugar  solution  to  reduce  alkahne  copper  solutions  decreased 
when  the  solution  was  mixed  with  the  extract  of  the  mold.  Without 
making  thorough  inquiry  into  the  cause  of  these  decreases,  Pantanelli 
drew  the  conclusion  that  they  indicate  a  reversion  of  the  invert  sugar,  the 
extent  of  the  reversion  being  as  high  as  24%  in  one  of  the  experiments. 
The  evidence  from  this  work  for  a  synthesis  of  sucrose  from  invert  sugar 
is  slight,  because  the  experiments  were  not  checked  by  polarimetric  data 
or  the  other  usual  ways  for  detecting  the  presence  of  sucrose,  nor  were  the 
various  possible  sources  of  uncertainty  controlled.  No  confirmation  of 
this  reversion  has  been  subsequently  published,  although  it  should  not  be 
difficult  to  crystallize  sucrose  from  the  solutions  if  such  an  extensive  syn- 
thesis as  Pantanelli's  experiments  indicate  were  really  to  be  obtained. 
We  have  not  tried  to  duplicate  Pantanelli's  rather  doubtful  observations 
upon  the  action  of  invertase  which  may  be  prepared  from  Mucor  mucedo, 
as  our  work  has  been  limited  to  the  invertase  which  is  obtained  from  yeast. 

Summary. 

A  solution  of  the  enzyme  invertase  whidi  was  prepared  by  the  rapid 
autolysis  of  yeast  under  the  influence  of  toluene,  and  purified  by  clarifica- 
tion with  neutral  lead  acetate  and  hydrogen  sulfide,  and  by  subsequent 
dialysis,  was  allowed  to  act  upon  aqueous  invert  sugar  solutions,  which 
were  maintained  at  various  degrees  of  slight  alkalinity  and  acidity,  in  an 
attempt  to  detect  a  possible  synthesis  of  sucrose  by  the  enzyme. 

Although  numerous  experiments  imder  various  conditions  were  tried, 
not  one  showed  any  indication  of  such  a  synthesis.  A  repetition  of  Osaka's 
experiments,  which  indicate  the  synthesis  of  sucrose  from  invert  sugar  in 
concentrated  solution,  in  the  presence  of  hydrochloric  acid,  shows  that  the 
change  of  polariscopic  rotation  which  he  observed  is  not  due  to  synthesis, 
but  is  caused  by  the  decomposing  action  of  the  acid  upon  fructose. 

A  repetition  of  similar  experiments  by  Visser  shows  that  his  supposed 
synthesis  of  sucrose  was  only  a  change  in  rotation  which  is  caused  by  the 
wen  known  influence  of  hydrochloric  acid  upon  the  rotatory  power  of 
fhictose. 

An  examination  of  the  experiments  of  Kohl  and  of  Pantanelli  on  the 
synthesis  of  sucrose  by  the  action  of  invertase  upon  invert  sugar  solutions, 
shows  the  experimental  evidence  to  be  very  doubtful. 

Our  conclusion,  from  a  consideration  of  the  experiments  of  others  and 
from  our  own  data  is  that  invertase  from  yeast  accomplishes  a  complete 
hydrolysis  of  sucrose  to  yield  invert  sugar  and  that  the  reaction  does  not 
'  AUi  della  R.  Accad.  dei  Lincei,  15,  first  semester,  587-94  (1906). 
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establish  a  mobile  equilibrhim,  and  is  not  a  reversible  or  balanced  reaction, 
witfain  our  timits  of  detection. 

BmvAu  ov  Cksmistky.  Dsvaktmsnt  or  Aobicultuss. 

WASmNOTOM,  D.  C. 


NEW  BOOKS. 
Ike  RrDgiCM  of  Sdentific  Chemistry.    By  Sm  WnxiAM  A.  TaoSN.    Second  Edition. 
j6opp.     Longmans,  Green  &  Co.     1913.    $2.25. 

The  merited  success  of  the  first  edition  of  this  work,  published  in  1899, 
has  justified  the  present  revised  edition  in  which  several  new  subjects, 
sacfa  as  radiochemistry,  are  included.  The  majority  of  the  chapters  are 
written  &t»n  a  somewhat  <dd-fashioned  standpoint,  but  are  readable  and 
stimulating.  The  biographical  notes  and  references  appended  to  the 
several  chapters  add  to  the  value  of  the  work.         Gilbbrt  N.  Lbwis. 

rfcwniihj   and  Its  Borderland.    By  Alfred  W.  Stbwart.     Longmans,    Green  & 
Company.    314  pp.     Price,  $1. 50,  net. 

This  is  a  very  readable  and  instructive  general  description  of  a  number 
of  selected  topics  of  recent  [riiysical  and  chemical  res^uxrh.  It  includes 
diapters  on  such  topics  as  the  Relations  between  Chemists  and  Industry, 
Giemical  problems  of  the  Present  and  Futtnre.  Organization  of  Chemical 
Research  (in  England),  The  Methods  of  Chemical  Research,  etc.  Sep- 
arate chapters  are  devoted  to  the  discoveries  by  means  of  the  spectroscope, 
stereochemistry,  colloids,  the  inert  gases  of  the  atmosphere,  radium, 
niton,  transmutation  of  the  elements,  the  nature  of  the  elements,  etc. 
The  author  is  evidently  fdUowing  closely  the  work  of  the  English  school 
of  diemists,  and  does  not  hesitate  to  accept  for  niton  all  the  properties 
ever  ascribed  to  it.  He  does  not  doubt  the  transmutation  of  copper  into 
Kthium,  as  published  by  Ramsay  and  Cameron.  Madam  Curie's  described 
inability  to  repeat  this  transmutation  is  "negative  evidence  that  can 
hardly  outweigh  the  positive."  A  bold  author  makes  better  reading  than 
an  apologetic  one,  and  we  do  not  refer  to  these  facts  in  critical  mood.  This 
kind  of  book  is  greatly  needed  to  help  keep  a  very  large  class  of  chemists 
ttp-to-date  and  to  insinre  the  aspiring  younger  generation.  It  is  also  very 
leadaMe  to  the  "near  scientist."  The  auth(x^s  treatment  of  his  subject 
reminds  one  of  R.  K.  Duncan's  very  interesting  and  instructive  publica- 
tions. 

The  author  has  occasionally  fallen  into  a  common  didactic  error.  In 
this  way  be  has  given  some  impressions  which,  while  they  may  represent 
desirable  conditions  of  researdi,  give  too  much  credit  to  the  foresight  of 
diemists  and  not  enough  to  the  utility  of  their  powers  of  observation. 
Bacon  credited  Herodotus  with  the  statement  that  the  £g3rptians  who 
deified  discoverers,  worshipped  more  animals  than  men,  because  the  former 
made  most  of  the  discoveries.    So  also  it  is  still  true  that  many  discoveries 
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are  made  and  then  later  realized,  and  that  disoovery  to  order  and  "on  the 
minute"  is  rare.  An  interesting  case  is  the  author's  de8cri{>tion  of  the 
commercial  fixation  of  atmospheric  nitrogen.  Of  course,  he  knew  how  the 
facts  were  discovered,  but  to  read  his  description  one  might  be  led  to  be- 
lieve that  the  invention  consisted  first  in  finding,  by  seardi,  the 
cheapest  supply  of  nitrogen.  This  was  found  in  the  air.  This  had 
to  be  combined  with  some  other  cheap  reagent.  Oxygen  was  found 
to  be  the  next  cheapest  element,  so  he  diose  oxygen,  and  then 
he  had  to  find  some  means  of  combining  them.  High  temperature 
was  known  to  produce  sudi  reaction,  and  aa  an  electric  arc,  was  a 
source  of  high  temperature,  it  was  choi^en,  etc.,  etc.  None  of  this 
conveyed  impression  of  Aim  and  end  cc^respondd  with  the  facts.  It  was 
discovered,  without  any  preconception  or  purpoeeful  plan,  that  an  arc 
produced  the  conlbination  of  the  gases  of  the  oit,  and  the  feaction  was 
then  studied.  The  important  lesson  comes  to  u$»  iatbr  x^^nsm^*^^  mmA^ 
from  the  fact  that  quantitative  investigation  of  details  of  the  discovery 
is  what  has  led  to  the  possibiUty  of  its  technical  application.  Thid  in- 
vesti^ting  spirit  it  doubtless  was»  which  o^eated  for  us  such  chemists  as 
Priestley  and  Cavendish,  to  whose  observations  the  present,  now  logical 
manufacture  of  nitric  acid  front  the  air  is  due* 

The  final  chapter  deals  with  chelmkal  research  in  Bn^^and,  and  the 
present  and  desirable  methods  of-  its  encouragement  there.  The  cry  is 
''more  money/'  or  endowments,  in  order  to  make  easier  the  way  of  the 
research  chemist.  This  is  also  frequently  the  cry  in  this  country.  In 
both  lands  the  prevailing  opinion  is  that  diemists  are  too  poorly' paid, 
that  the  country's  advance  would  be  more  rapid  if  there  were  more  and 
better  paid  diemists.  Barring  the  fact  that  correisponding  opinions  are 
held  by  the  clergy,  the  doctors  and  lawyers,  the  masons  and  the  steam 
fitters  of  both  countries,  the  contentions  are  probably  true,  and  Huxley- 
was  right  when  he  said,  ''A  Watt,  Davy  or  Faraday  is  dieap  at  a  hundred 
thousand  pounds."  Many  authors  of  note,  from  Bacon  down»  have  taken 
the  view  held  by  the  author.  Some  of  the  splendid  vfork  now  being  done 
by  EngUsh  research  men  is  directly  traceable  to  the  present  good,  but 
admittedly  inadequate  methods  of  encouraging  research.  Possibly  gov^ 
emments,  seeing  the  results  of  such  experiments  carried  on  for  years,  as 
is  already  the  case  in  England,  will  recognize  the  value  to  the  country 
as  a  whole  of  increasing  its  3deld  of  research  chemists.  The  hook  diould 
help  this  desirable  end,  by  presenting  in  readable  form,  the  many  accom* 
plishments  of  pure  research  in  chemistry  and  its  borderland. 

W.  R.  Whitney. 

Qualitative   Chemical  Analysis.    By  W.  W.  Scott,  A.M.    D.  Van  Nostrand  Co., 
New  York. 

The  contents  of  this  book  are  carefully  and  excellently  divided  into  parts* 
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The  relation  between  qualitative  and  quantitative  analysis  has  been  clearly 
brought  out.  This  point,  which  is  very  important,  is  usually  lacking  in 
the  smaller  text  books. 

The  first  part  contains  a  very  concise  description  of  the  physical 
chemical  side  of  qualitative  analysis.  One  of  the  characteristics  through- 
out the  book  is  its  conciseness.  A  very  large  amount  of  material  is  con- 
tained in  a  small  quantity  of  print. 

There  are  abundant  notes  and  precautions,  which  are  valuable  to  the 
student,  distributed  through  the  text.  Another  pleasing  pcunt  is  the  al- 
ternative methods  that  are  offered. 

Part  II  contains  the  bases.  Part  III  gives  the  analysis  of  the  acids, 
while  the  systematic  analysis  of  a  substance  is  given  under  Part  IV. 
Part  V  is  devoted  to  tables  of  reactions. 

Perhaps  some  might  desire  a  little  more  with  regard  to  the  characteristic 
compounds.  However,  one  must  realize  that  a  lot  of  information  is  con- 
tained in  the  tables  of  reactions  forming  the  last  part. 

To  many  the  absence  of  equations  may  prove  a  weak  point. 

The  use  of  an  arrow,  beside  a  compound,  pointiog  downwards  is  Usually 
supposed  to  indicate  a  precipitate.  In  this  text  it  is  also  used  to  show 
substances  that  are  alxnost  unionized. 

The  book  contains  some  errors,  that  shotdd  be  corrected,  such  as  thnJliimi 
being  precipitated  as  TtCU^  the  statement  that  there  are  no  rare  elements 
belonging  to  the  ammonium  carbonate  group,  etc.  C.  Jamhs. 

Iftbontory  Manual  of  Glaaa^BlowiDg.  By  Francis  C.  Fkakt.  McOraw-Hill  Bo6k 
Company.    1914.    Pp-  vi  4-  60-    Price,  75  cents. 

This  welcome  little  manual  provides  a  dear  and  detailed  discussion  of 
the  elementary  processes  of  glass-blowing.  Much  delay  is  spared  and  some 
expense  avoided,  if  some  one  in  the  laboratory  can  seal  on  a  new  stopcock 
or  join  two  tubes  by  furion,  or  fit  together  a  hard  and  a  soft  glass  tube  by 
ground  joints.  Such  manipulation  is  well  described  here,  fully  and  clearly, 
GO  that  a  begjmner  may  be  sure  of  knowing  what  to  do,  even  if  the  knowing 
what  to  do  must  be  supplemented  by  hours  of  practice.  The  author, 
^oee  conception  of  the  proper  content  of  such  a  manual  seems  well  con* 
sidutd,  avoids  the  description  of  processes  which  the  amateur  cannot  be 
advised  to  undertake.  The  reviewer  takes  a  very  special  pleasure  in  com- 
mending the  littie  book  to  all  who  have  to  use  glass  apparatus  more  com- 
plicated than  beakers  and  funnels.  Bdward  W.  Mori^sy. 

lUockemlc  Drug  Assay  Methods.  With  special  reference  to  the  pharmacodynamic 
action  of  drugs.  By  PAUt  S.  PrmNCBR,  Instructor  in  Pharmacodynamics, 
Department  of  Pharmacy  and  Chemistry,  Medioo-Chtrui^Kical  College,  Pfailar 
ddphia.     158  pp.    Price,  $1.50.    P.  Blakiston's  Son  &  Company:  Philadelphia. 

This  manual,  the  first  to  be  published  which  takes  up  this  important 
subject,  is  a  reflection  of  the  interest  of  physicians  and  pharmacists  in 
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drugs  of  standard  and  uniform  potency  but,  in  spite  of  the  title,  only  physio- 
logical assay  methods  are  discussed.  The  author  has  given  a  fair  account 
of  the  methods  and  operative  technic  commonly  advocated  for  the  physio- 
logical assay  of  the  digitalis  group,  ergot,  epinephrin,  pituitiary  gland, 
cannabis  indica,  etc.  In  addition  there  is  oJBFered  some  elementary,  and, 
to  a  degree,  very  unsatisfactory  pharmacology.  The  manual  does  not 
provide  adequate  knowledge  for  the  training  of  pharmacists  in  ph3rsio- 
logical  assay  and  is  too  elementary  for  use  by  medical  students.  It  may, 
however,  iSnd  some  use  in  giving  pharmacy  students,  and  others  interested 
in  the  subject,  a  reasonable  knowledge  of  physiological  assay  methods 
without  the  necessity  of  stud3ring  pharmacology  and  pharmacological 
methods  mor«  in  detail.  Worth  Halb. 

Kinetische  Stereochemie  der  Kohlenstoifverbindungen.  Von  Dr.  Arthur  von  Wein- 
berg. Pp.  viii  -f  107.  25  figures.  Friedr.  Vieweg  &  Sohn:  Braunschweig. 
1 914.     Price,  M.  3,  paper;  M.  4,  doth. 

It  is  a  well-known  fact  that  ordinary  structural  and  stereochemical  formu- 
las take  no  account  of  possible  intramolecular  motions  of  atoms.  The 
author  of  this  book  introduces  certain  assumptions  with  regard  to  rotating 
and  vibrating  atomic  motions,  and  applies  these  to  heats  of  combustion 
and  molecular  refractions  in  connection  with  various  reactions  and  com- 
pounds. 

Single  bonded  atoms  are  assumed  to  rotate  or  swing  around  an  axis, 
double  and  triple  bonded  atoms  to  vibrate.  With  heats  of  combustion, 
atomic  constants  are  derived  which  when  added»  agree  very  well  with  the 
experimentally  fotmd  values  for  many  substances.  These  constants,  how- 
ever, must  be  modified  for  different  classes  of  compounds,  and  these  changes 
are  pictured  as  dependent  upon  the  rotational  or  vibrational  motions  of 
the  combinations.  The  volumes  occupied  by  atoms  are  based  upon  the 
molecular  refractions.  Starting  with  Bisenlohr's  atomic  refraction  values 
for  single  bonded  atoms»  making  certain  assumptions  with  regard  to  the 
rotational  and  vibrational  motions  of  douUe  and  triple  bonded  atoms  in 
connection  with  the  volumes  occupied  by  them,  values  far  the  atomic 
refractions  of  the  latter  are  deduced  which  agree  with  those,  determined 
experimentally.  The  constants  so  obtained  and  the  principles  developed 
are  then  applied  to  the  interference  of  double  bonds,  aromatic  and  non- 
aromatic  ring  structures,  quinones,  desmotropy*  alloisomerism,  color 
thecMy,  and  the  asymmetric  carbon  atom. 

Some  interesting  views  are  developed  in  this  book,  but  it  may  be  ques^ 
tioned  whether  the  assumptions  used  are  based  upon  satisfactory  underlying 
principles.  However,  a  picture  is  developed  of  some  of  the  possible  ways 
in  which  the  motions  of  atoms  within  molecules  may  play  thdr  part  in 
chemical  phenomena.  E.  G.  Palk. 
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ANNUAL  REPORT  OF  THE  INTERNATIONAL  COMMITTEE  ON 
ATOMIC  WEIGHTS,  1915. 

By  p.  W.  ChAMMM,  T.  B.  Tmomn,  W.  Ostwai^d  and  G.  UkBAXN. 
Received  Jane  23.  1914. 

The  Council  of  the  Intemational  Association  of  Chemical  Societies, 
with  which  the  Committee  on  Atomic  Weights  is  now  a£Sliated,  recom- 
mended, at  its  meeting  in  September,  1913,  that  the  annual  report  of 
said  committee  should  be  published  in  August.  The  present  report, 
therefore,  is  submitted  in  compliance  with  that  recommendation,  although 
delays  due  to  the  difficulties  of  correspondence  may  sometimes  prevent 
simultaneous  publication  in  all  countries. 

Since  the  report  for  1914  was  prepared,  a  number  of  new  atomic  weight 
determinations  have  been  published.  These  may  be  briefly  summarized 
as  follows: 

Silver,  Sulfur  and  Chlorine. — Scheuer^  dissolved  pure  silver  in  sulfuric 
add  and  collected  and  weighed  the  sulfur  dioxide  given  off.  The  weighed 
sulfate  was  then  converted  into  chloride  by  heating  in  a  current  of  gaseous 
hydrochloric  add.  Three  ratios  were  thus  determined,  which  gave  the 
three  desired  atomic  weights  independent  of  all  former  determinations. 
The  results  obtained  are:  Ag  =  107.884,  S  =  32.067,  CI  =  35.460. 
The  value  for  silver  is  rather  high ;  the  other  values  agree  with  those  gen- 
erally accepted. 

>  Ar€k  sci.  phys»  nol.,  (4]  36,  381. 
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Calcium. — Oechsner  de  Coninck^  has  determined  the  atomic  weight 
of  calcium  by  conversion  of  the  carbonate  into  the  sulphate.  This  final 
value  is  Ca  =  40. 13. 

Barium. — ^Also  redetermined  by  Oechsner  de  Coninck.*  Barium  car- 
bonate was  dissolved  in  nitric  acid  and  the  carbon  dioxide  so  evolved  was 
weighed.    The  value  found  was  Ba  =  137.36. 

Copper. — ^Atomic  weight  determined  by  O.  de  Coninck  and  Ducelliez.* 
Copper  was  oxidized  by  nitric  add  and  the  oxide  was  weighed.  In  five 
experiments  they  found  Cu  =  63 .  523  to  63 .  605 ;  in  mean,  63 .  549.  These 
atomic  weight  determinations  by  O,  de  Coninck  are  published  in  the 
briefest  possible  way,  without  any  of  the  details  that  are  commonly  re- 
garded as  essential.  How  were  the  substanoes  purified?  Were  the 
weights  reduced  to  a  vacuum? 

Cadmium. — Quinn  and  Hulett^  have  redetermined  the  atomic  weight 
of  cadmium  by  electrolysis  of  the  chloride  and  bromide.  In  each  series 
the  cadmium  was  collected  and  weighed  in  mercury.  From  the  chloride, 
With  CI  =  35.458,  Cd  =  112.32,  From  the  bromide,  with  Br  =  79.92, 
Cd  =  112.26.  These  values  agree  well  with  those  previously  found  by 
Perdue  and  Hulett  and  by  Laird  and  Hulett,  but  are  mudi  lower  than 
the  value  (Baxter's)  adopted  in  the  table.  The  cause  of  the  difference  is 
yet  to  be  satisfactorily  explained;  but  it  must  be  due  to  a  constant  error 
in  one  or  the  other  of  the  methods  employed.  A  change  in  the  table  would 
be  premature. 

Mercury. — ^Taylor  and  Hulett*  prepared  mercuric  oxide  by  heating 
pure  mercury  in  oxygen.  Weighed  amounts  of  the  oxide  were  then  de- 
composed by  heating  it  with  metallic  iron,  and  the  mercury  was  collected 
and  weighed.  From  the  data  thus  obtained  Hg  ==  200.37.  This,  as 
in  the  case  of  cadmium,  is  lower  than  the  recQgnized  value,  and  its  ac- 
ceptance or  rejection  must  await  farther  evidence. 

Vanadium. — ^Atomic  weight  redetermined  by  Briscoe  and  Little,* 
from  analyses  of  the  oxychloride  VOCU.  The  mean  value  found  was 
V  =  50.950,  but  50.96  is  preferred. 

Selenium.-^Jsnnek  and  Meyer^  determined  the  atomic  weight  of  selen- 
iiun  by  oxidizing  Se  to  Se02.  The  mean  of  ten  experiments  gave  Se  = 
79.140. 

The  same  constant  was  deduced  by  Bruylants  and  Bytebier®  from  the 

^  Bull.  acad.  belg.,  19x3,  222. 

*  Rev.  gSn.  chim.,  z6,  245. 

*  Ibid,,  z6,  122. 

*  /.  Physic.  Chem.,  17,  780. 
» Ibid.,  17,  755. 

*  /.  Chem.  Soc.,  105,  1310. 
^  Z.  anarg.  Chem.,  83,  51. 

*  Bull.  acad.  belg.,  1912,  856.     According  to  Germann  {Compt.  rend.,  Z57|  926), 
tlie  normal  liter  of  oxygen  weighs  1.42900  g. 
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density  of  sdemtim  hydride,  SeH^.  In  four  series  of  experiments  the 
weight  of  a  liter  of  the  gas  at  o^  and  760  mm.  was  found  to  be  3.6715  g. 
For  the  weight  of  a  liter  of  oxygen  under  the  same  conditions  they  found 
1-4^95  S*  ^y  ^^  method  of  limiting  densities  and  with  H  =  1.008, 
Se  s  79. 18,  whidi  is  near  the  value  given  in  the  table. 

INTSRNATIONAL  ATOMIC  WSIGBTS,    19x5. 


Atomic 

SymboL  weight. 

Aluminum Al  27.1 

Antimony Sb  120.2 

Argoa A  39-88 

Afxnic As  74.96 

Barium Ba  137 .37 

Bismuth Bi  208 .0 

Boron B  11. o 

Bromine Br  79-93 

Ciidmintii Cd  1x2.40 

Capffliim Cs  132.81 

Calcium Ca         40.07 

Carbon C  12.00 

Cerium Ce  140.23 

Chlorine CI  35-46 

Clxromittm Cr         52.0 

Cobalt Co         58.97 

Columbium Cb         93.5 

Copper Cu        63.57 

Dysprosium Dy  162.5 

Erbium Er  167.7 

Europium Eu  X52 .0 

Fluorine P  19.0 

Gadolixiituii Gd  157.3 

Gallium Ga        69.9 

Germanium Ge         72.5 

Gludnum Gl  9.1 

Gold Au  197.2 

Helium He  399 

Holinium Ho  X63.5 

Hydrogen H  .    1.008 

Indium In  1x4.8 

Iodine I  X26.92 

Iridium Ir  193 .  i 

Iron Fe         55 .  84 

Krypton Kr         82.92 

Lanthanum La  i39-o 

Lead Pb  207.10 

Lithium Li  6.94 

Lutecium Lu  X74.0 

Magnesium Mg        24.32 

Manganese Mn        54-93 

Mercury Hg  200.6 


Atomic 
Symbol    weight. 

Molybdenum Mo  96.0 

Neodymium Nd  144-3 

Neon Ne  20.2 

Nickel Ni  58.68 

Niton  (radium  emanation) Nt  222 .4 

Nitrogen N  14.01 

Osmium Os  190.9 

Oxygen O  *    x6.oo 

Palladium Pd  106.7 

Phosphorus P  31 .04 

Platinum Pt  195.2 

Potassium K  39. 10 

Praseodymium Pr  X40.6 

Radium Ra  226.4 

Rhodium Rh  102 .9 

Rubidium Rb  85 .45 

Ruthenium Ru  loi .  7 

Samarium Sa  150.4 

Scandium So  44.1 

Selenium Se  79.2 

Silicon Si  28.3 

Silver Ag  107.88 

Sodium Na  23.00 

Strontium Sr  87 .63 

Sulfur S  32.07 

Tantalum Ta  x8i  .5 

Tellurium Te  127.5 

Terbium Tb  X59.2 

Thallium Tl  204.0 

Thorium Th  232.4 

Thulium Tm  X68.5 

Tin Sn  XX9.0 

Titanium Ti  48.  i 

Tungsten W  184.0 

Uranium U  238.5 

Vanadium V  5X.0 

Xenon Xe  X30.2 

Ytterbium  (Neoytterbium) — Yb  172 .  o 

Yttrium Yt  89.0 

Zinc Zn  65 .37 

Zirconium Zr  90.6 
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Tellurium. — Dennis  and  Anderson^  purified  telluritim  by  preparing 
the  hydride  TeHi  from  aluminum  telluride,  and  condensing  the  gas  to  a 
solid  at  the  temperature  of  liquid  air.  From  the  hydride  the  metal  was 
obtained  by  heating  to  500**.  Thirty-one  conversions  of  Te  thus  prepared 
into  TeOt  gave  in  mean  Te  »  127.6.  Other  determinations  by  a  volu- 
metric method  gave  a  lower  value,  near  127.50.  The  authors  conclude 
that  the  higher,  hypothetical  ''dviteUurium"  does  not  exist. 

Scandium. — Lukens'  prepared  scandium  oxide  from  Colorado  wolfram. 
By  calcination  of  the  sulfate  to  oxide  they  found  Sc  »:  44.59  and  44.77. 
The  material  was  probably  not  quite  pure. 

Yttrium. — ^Meyer  and  Weinheber,*  by  conversion  of  yttrium  oxide 
into  sulfate,  found  Yt  =»  88.75.  By  the  reverse  process  they  found 
Yt  =«  88.74.    Corrected  to  a  vacuum,  this  becomes  88.70. 

Ytterbium  and  Lutecium. — ^Atomic  weights  reinvestigated  by  Auer  von 
Welsbach.*  For  3rtterbiimi  (aldebaranium)  he  found  Yb  ■=  173.00. 
For  lutecium  (cassiopeium),  Lu  «  175.00.     (See  note.) 

Iridium. — Holzmann^  made  four  reductions  of  the  salt  (NH4)tIrCl6 
in  hydrogen,  and  found  Ir  =  193.42.  This  is  higher  than  the  accepted 
value  and  not  conclusive  enough  to  justify  a  change. 

Helium. — ^Heuse,*  in  seven  determinations  of  the  density  of  helium, 
finds  the  weight  of  a  normal  liter  to  be  o.  17856  g.  Hence,  by  the  method 
of  limiting  densities.  He  »  4.002. 

Neon. — ^From  two  determinations  of  the  density  of  neon,  Leduc^  finds 
Ne  =  20,  when  H  =»  i. 

No  changes  of  serious  importance  seem  to  be  needed  in  the  atomic  weight 
table.  Possibly  the  values  for  3rttrium,  ytterbium,  helium  and  neon 
should  be  changed,  but  such  action  may  well  be  deferred  until  next  year. 
Some  experiments  by  Richards  and  Cox*  on  the  purity  of  lithium  perchlor- 
ate  also  suggest  a  possible  lowering  of  the  atomic  weight  of  silver,  namely, 
from  107.88  to  107.871. 

F.  W.  CXamkh, 
T.  E.  Thorpe, 

W.   OSTWALD, 

G.  Urbain. 

NoTB. — Since  this  report  was  finished  and  approved,  Professor  Urbain 
has  informed  me  that,  jointly  with  M.  Blumenfeld,  he  has  redetermined 

^  Tms  JoxTRNAL,  36,  882. 

« Ibid,,  35, 1470. 

'  Ber,,  46,  2672. 

^  Monatsh.  Chem,,  34,  1713. 

*  SitMungsb,  phys.-med.  Sum,  Erlangen,  44,  84. 

*  Verh.  Deuisch,  physik.  Ges.,  15,  518. 
7  Compt.  rend.,  158,  864. 

*  This  Journal,  36,  819. 
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the  atomic  wei|^  of  neo-ytterbium  with  great  care.  The  earth  was  sub- 
jected to  many  fractionations,  and  each  fraction  was  studied  magnetically 
and  q)ectToscopically.  The  value  found  for  the  atomic  weight,  the  mean 
of  13  determinations,  was  173 .  50.  He  suspects  that  the  **  aldebaranium" 
studied  by  Auer  von  Welsbach  contained  an  element  of  lower  atomic 
we^t,  probably  thulium.  Urbain's  paper  will  be  published  in  the  near 
firtnre,  perhaps  before  this  report  appears.  F.  W.  C. 


tConuBunoN  ntoM  thb  Knm  Chbuical  Laboratory,  Thb  UrnvsRSiTy  of  CmcAOO.  ] 
STUDIES  IN    CONDUCTIVITY,     n.     THE   CONDUCTIVITY   OP 
SOME  FORMATES  AND  OF  HYDROGEN  CHLORIDE  IN 
(ANHYDROUS)  FORMIC  ACID.     CASES  OF  AP- 
PARENT AGREEMENT  OF  STRONG  ELEC- 
TROLYTES WITH  THE  MASS  LAW.^ 

By  Hi  L  ScBLsanioBm  amd  A.  W.  KasyimJ 
RacelTed  Kay  12.  1914. 

In  the  first  paper  of  this  series,  Schlesinger  and  Calvert'  showed  that 
the  sdutions  formed  when  ammonia  is  passed  into  formic  add  are  excellent 
conductors  and  that  the  electrolyte,  ammonium  formate,  obeys  the  law 
d  mass  action,  although  it  is  highly  ionized.  It  is  well  known  that  strong 
ekctndytes  do  not,  in  general,  obey  this  law  and  these  solutions,  there- 
fore, are  exceptionally  interesting.  Consequently,  we  have  undertaken 
to  extend  this  work,  mth  the  intention  of  determining  the  limiting  con- 
centrations within  which  the  law  is  applicable  and  of  obtaining  results 
of  greater  accuracy  by  improving  the  methods  employed.  In  addition 
to  a  study  of  the  conductivity  of  these  solutions,  their  viscosity  was  also 
determined.  Since  it  was  possible  that  the  agreement  with  the  mass  law 
in  the  one  case,  ammonium  formate,  might  be  due  to  a  canceUation  of 
deviations  from  the  law  in  opposite  directions,  the  validity  of  the  condu- 
SQQ  that  the  agreement  is  not  accidental  in  character  was  tested  by  study- 
ing the  behavior  of  other  formates  in  this  solvent.  Finally,  preliminary 
determinations  of  the  conductivities  and  freezing  points  of  solutions  of 
Mrogen  chloride  in  the  same  solvent  were  carried  out,  as  there  was  reason 
to  believe  that  previous  work  on  this  subject  by  Zaiminovich-Tessarin* 
'rts  incorrect. 

The  formic  add  used  in  this  work  was  purified  by  a  method  which  is 
a  considerable  improvement  over  that  employed  by  Schlesinger  and  Cal- 

'  Presented,  in  part,  at  the  Cindnnati  meeting  of  the  American  Chemical  Sodety, 
April  9, 1914. 

'  The  work  reported  in  this  article  constitutes  the  basis  of  a  dissertation  submitted 
^  A.  W.  Martin  to  the  faculty  of  the  University  of  Chicago  in  part  fulfilment  of  the 
ic(|imenients  for  the  degree  of  Doctor  of  Philosophy. 

'Taia  Journal,  33, 1924  (1911)- 

*Z,  pkys.  Chem,,  19,  251  (1896). 
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vert.^  They  distilled  from  phosphorus  pentoxide^  under  reduced  pressure. 
Whik  this  method  yields  an  add  of  fair  quality,  it  is  acomipanied  by  con- 
siderable decomposition  and  loss  of  material  and  requires  a  large  amount 
of  time,  since  the  distillation  has  to  be  repeated  from  five  to  ten  times  to 
obtain  good  results.  An  efiFort  was  made  to  improve  this  method  by  carry- 
ing out  the  distillation  at  still  lower  pressure,  but  the  results  were  not  much 
better.  Attempts  were  also  made  to  produce  the  anhydrous  add  directly 
by  heating  anhydrous  soditmi  formate  mixed  with  add  salts,  such  as  add 
potassium  sulfate,  in  the  dry  condition  as  well  as  in  solution  in  anhydrous 
formic  add,  but  these  methods  gave  neither  good  yidds  nor  good  prod- 
ucts.^ The  method  finally  determined  upon  was  distillation  of  the  add 
from  boric  anhydride.  The  anhydride  was  prepared  by  heating  boric 
add  to  a  high  temperature  in  a  furnace  until  all  bubbling  and  foaming 
ceased.  The  resulting  mdt  was  poured  on  an  iron  plate  and  allowed  to 
cool  in  a  desiccator.  The  glassy  boric  anhydride  was  then  powdered  and 
introduced  directly  into  the  formic  add,'  with  which  it  was  allowed  to 
remain  in  contact  for  several  days.  After  a  few  days  the  powdered  material 
sets  into  a  hard  mass,  from  which  the  supernatant  liquid  can  be  distilled 
at  reduced  pressure  without  bumping.  The  disdliation  was  carried  out 
in  a  specially  designed  apparatus  at  a  pressure  of  about  12  to  18  mm.  and 
a  temperature  of  about  22^  to  25^ 

The  apparatus  used  for  this  distillation  is  shown  in  the  accompanying 
sketch  (Fig.  i).    It  was  designed  to  avoid  contact  of  the  add  with  rubber. 


Fig.  I. 

for  it  was  soon  found  that  the  presence  of  the  latter  deddedly  affected  the 
quality  of  the  add.    Ay  in  Fig.  i,  is  the  distilling  flask  which  is  connected 

^Loc.cU. 

*  See  Chem.  Zentr,,  1907, 1,  1470;  1908, 1,  998. 

'  The  formic  add  was  especially  prepared  for  this  work  by  Baker  &  Adamson  and 
originally  had  a  conductivity  of  about  12-15  X  io~'  reciprocal  ohms. 
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with  the  inner  tube  of  the  condenser  by  the  ground  joint  a.^    Into  the  ver- 
tical portion  of  the  side  neck  of  this  flask,  thoroughly  washed  and  dried 
g^ass  wool  was  placed  to  prevent  spattering  over  of  the  Uquid.    B  is  the 
receiving  vessel  which  is  connected  with  the  inner  tube  of  the  condenser 
byjfmeans  of  the  ground  joint  b.    In  order  to  empty  the  receiving  vessel 
after  the  distillation,  it  was  rotated  about  the  joint  b,  until  the  delivery 
tube  c  pointed  directly  downward.    The  end  of  this  tube  is  ground  to 
fit  into  a  storage  bottle  which  is  shown  in  the  next  figure.    In  this  way, 
the  add  could  be  removed  into  the  vessels  in  which  it  was  to  be  used  without 
opening  the  distillation  apparatus  or  exposing  the  liquid  to  air.    The 
tube  c  was  always  washed  out  by  a  little  of  the  acid  before  the  latter  was 
collected.    Before  the  add  was  distilled  it  was  allowed  to  stand  for  several 
days  with  boric  anhydride.    From  this  it  was  poured  into  the  nkfilling 
flask  which  had  been  previously  charged  with  a  fresh  portion  of  the  an- 
hydride. J^After  standing  for  several  days  in  the  apparatus,  the  distilla- 
tion was  begun  by  simply  reducing  the  pressure.    About  one-fifth  of 
the  add  (about  50  cc.)  distilled  off  before  the  Uquid  had  cooled  suffidently 
to  stop  the  distillation.    While  this  was  going  on  the  condenser  was  cooled 
with  ibe  water  and  the  recdving  vessel  with  ice.    When  the  distillation 
stopped,  as  a  result  of  the  cooling  of  the  contents  of  the  distilling  flask, 
the  contents  of  the  reodver  were  warmed  and  the  add  therein  collected 
distilled  through  a  second  condenser  into  a  second  recdving  vessd.    The 
second  condenser  and  recdving  vessd  were  connected  with  the  first  by 
rubber  through  tubuhis  d.    This  procedure  had  the  advantage  of  washing 
the  apparatus'  with  formic  add  before  coUecting  the  portion  to  be  used, 
as  well  as  of  subjecting  the  add  to  a  partial  fractionation.    The  second 
recdver  also  is  useful  in  catching  the  small  amounts  of  add  which  are  not 
condensed  in  the  first.    After  the  first  add  condensed  had  thus  been  again 
distilled  away,  the  first  recdver  was  again  cooled  and  the  dwtilling  flask 
warmed  to  about  room  temperature.    About  one-fifth  of  the  original  vol- 
ume of  the  add  was  allowed  to  remain  in  the  distilling  flask  at  the  close 
(rf  the  operation.    This,  however,  together  with  that  collected  in  the  second 
reodver  and  that  retained  by  the  anhydride,*  was  again  treated  with  an- 
hydride and  mixed  with  fresh  portions  of  add  and  redistilled. 

While  the  above  seems  like  a  complicated  process,  it  really  is  not,  for, 

by  keeping  add  continually  drying  over  the  anhydride,  a  fredi  supply  can 

always  be  obtained  in  about  an  hotn's  time.    Occasionally  the  add  was 

distilled  twUx,  but  no  improvement  was  noted.    The  add  thus  obtained 

>  "H"  is  a  stopper  fitting  the  flask  at  "a." 

*  The  apparatus  was,  of  course,  thoroughly  washed  occasioiially,  but  better  results 
were  obtained  if  the  apparatus  was  opened  as  seldom  as  possible.  Before  each  filling, 
however,  dry  air  was  drawn  through  the  whde  apparatus  for  about  half  an  hour. 

<  The  boric  anhydride  seems  to  form  an  unstable,  cr3rstalline(?)  compound  with  the 
add  from  which  the  latter  can  be  recovered  by  heating. 
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had  an  average  conductivity  of  about  6.35  X  lo""*,  although  occasionally 
an  add  having  a  conductivity  as  high  as  6.6  X  10"*  reciprocal  ohms  was 
obtained.  The  best  acid  had  a  conductivity  of  6.2  X  lo"*.  Practically 
no  add  was  used  having  a  conductivity  higher  than  6.4  X  lo"*,  except  for 
the  hydrochloric  add  work,  in  which  the  greatest  accuracy  was  not  sought, 
and  for  a  few  of  the  concentrated  solutions  where  the  conductivity  of 
the  solvent  was  practically  negligible,  as  was  proved  by  trial.  The  add 
used  by  Sdilesinger  and  Calvert  had  a  conductivity  of  about  6.8  X  io~*, 
so  that  the  present  method  gives  a  materially  better  add,  in  addition  to 
giving  better  yidds^  and  requiring  less  time  than  did  the  old  method.' 
Two  methods  were  employed  for  making  up  the  solutions  for  the  con- 
ductivity measurements.  Bach  of  the  concentrated  solutions  was  made 
up  separatdy,  in  the  manner  described  bdow,  and  was  introduced  into 
the  cell  described  by  Schlesinger  and  Calvert.  For  the  dilute  solutions, 
the  dilution  method  was  employed  and  the  spedal  cell  F'  shown  in  Fig. 
2  was  used.  In  this  figure  is  also  shown  the  storage  bottle  5.  It  will 
be  seen  that  by  means  of  the  gotmd  joint  c'  this  bottle  can  be  connected 
to  the  receiving  flask  of  the  distillation  apparatus  at  c*  and,  in  this  way,  the 
conductivity  of  the  add  meastu^d  without  exposing  it  to  moisture,  since 
the  storage  bottle  is  fitted  with  electrodes  e^.*  This  same  grinding,  c', 
fits  one  of  the  two-way  pipets  p  shown  in  the  figure.  By  means  of  this 
the  add  can  be  introduced  from  the  bottle  into  the  flask  for  making  up 
the  solution,  or  into  the  conductivity  cell  without  exposure  to  air.  In 
making  up  the  solution,  the  solute  to  be  used  was  first  weighed*  out  into 
a  thoroughly  dried  calibrated  25  cc.  flask  and  the  flask  filled  with  formic 

^  The  anhydride  causes  only  a  very  slight  decomposition  of  the  add,  as  is  shown 
by  the  slight  pressure  which  is  developed  in  flask  when  the  add  has  been  standing  for 
some  days  in  contact  with  the  anhydride. 

-  *  Even  the  conductivity  of  the  best  acid,  6.2  X  io~*  seems  very  large  when  oom- 
pared  to  other  pure  solvents.  It  must  be  remembered,  however,  that  formic  add  Is 
quite  unusual  in  that  it  is  not  only  a  good  ionizing  medium,  but  is  itself  fairly  highly 
dissociated  when  dissolved  in  other  ionizing  media.  We  have  thus  far  not  been  able 
to  reduce  the  conductivity  of  the  acid  below  the  values  stated  although  we  have  sub- 
jected the  best  acid  to  freezing,  etc.  However,  there  is  some  evidence  pointing  to  a 
somewhat  lower  value  for  the  conductivity  of  pure  acid  (see  p.  1598)  and  experiments 
are  under  way  to  obtain  a  better  add  by  freezing  the  add  purified  in  the  manner  de- 
scribed above.    Thus  far  the  improvement  has  been  very  small. 

*  This  cell  is  referred  to  in  the  paper  as  cell  No.  2. 

y  When  the  add  stands  above  a  certain  levd  the  cell  constant  of  the  storage  bottle 
is  no  longer  affected  by  the  amount  of  add  contained  in  the  bottle.  When  the  bottle 
is  full  the  conductivity  of  the  add  can,  therefore,  be  measured  with  great  accuracy. 
At  lower  levels  a  number  of  cell  constant  values  were  determined  and  by  using  a  suitable 
one  the  conductivity  of  any  add  in  the  bottle  can  be  determined  with  suffident  aocuracy. 
It  was  found,  however,  that  the  add  could  be  kept  in  the  bottle  for  days  without  under- 
going noticeable  change. 

*  Weights  were  reduced  to  vacuum  when  necessary. 
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acid  almost  to  the  mark,  by  means  of  the  pipet  just  mentioned.  The 
mixture  was  thoroughly  shaken  and  then  placed  in  the  constant  tempera- 
ture bath.  When  sufficient  time  had  elapsed  for  temperatiu'e  equiUbrium 
to  be  attained,  the  add  was  filled  in  up  to  the  mark  from  the  same  pipet 
and  the  contents  again  shaken.  While  not  in  use,  the  exposed  end  of  the 
pipet  was  protected  from  moisture  by  means  of  a  test  tube  and  stopper 
and  the  add  remaining  in  the  tip  of  the  pipet  was  always  discarded.  From 
the  25  cc.  flask  the  solution  was  transferred  to  the  conductivity  vessel 
by  means  of  a  pipet,  p",  similar  to  those  shown  in  the  figure  but  of  twice 
their  volume.  By  the  use  of  these  pipets  all  of  these  steps  could  be 
carried  out  with  practically  no  exposure  to  moistiu-e. 

As  stated,  the  dilution  method  was  employed  for  the  dilute  solutions. 
In  these  cases  the  apparatus  was  set  up  as  shown  in  Fig.  2  and  will  need 
no  further  description.  Pipet  f  delivers  into  the  cell  exactly  as  much 
liquid  as  pipet  f'  withdraws.  Pipet  f^  which  was  used  to  place  the  original 
portion  of  solution  into  the  cell,  delivers  just  twice  as  much  as  does  p. 
The  amounts  were  respectively,  10.02  and  20.04  cc.^  The  procedure  of 
making  the  dilution  measurements  is  as  follows:  As  described,  20.04 
cc.  of  solution  are  placed  into  the  cell  by  means  of  pipet  p^  through  the 
opening  o.  The  pipet  is  then  quickly  withdrawn  and  the  apparatus  set 
up  as  shown  in  Fig.  2  and  placed  into  the  bath.  This  takes  only  a  little 
over  a  minute.  From  now  on  exposure  to  air  is  avoided  and  it  has  been 
found  that  solutions'  in  the  cell  remain  unchanged  for  many  hours.  After 
the  solution  has  attained  the  temperatiu'e  of  the  bath  (25''  ^  0.01)* 
a  conductivity  measurement  is  made.  Then  10  cc.  are  withdrawn  from 
the  cell  by  means  of  pipet  f'  and  the  stopcock  of  the  pipet  turned  so  as  to 
disconnect  the  upper  portion  from  the  cell.  The  material  withdrawn  is 
run  out  of  the  other  end  of  the  pipet  and  the  pipet  washed  with  water. 
Of  course,  the  stem  of  the  pipet  which  enters  into  the  cell  is  not  allowed 
to  become  moist.  When  the  washings  are  no  longer  add  the  pipet  is 
thoroughly  dried  by  drawing  hot,  dry  air  through  it.  In  the  meantime, 
10  cc.  of  pure  solvent  have  been  transferred  from  the  storage  bottle  into 
the  cell.  The  added  piu-e  solvent  is  now  thoroughly  mixed  with  the  resid- 
ual solution  in  the  cell  by  repeatedly  drawing  the  mixttu'e  into  the  with- 
drawal pipet  up  to  the  stopcock  and  allowing  the  withdrawn  liquid  to 
flow  bade  into  the  cell.    This  process  is  repeated  about  fifty  times,  whidi 

^  The  discharge  from  these  pipets  is  astonishingly  regular,  being  fully  as  reliable 
as  that  of  ordinary  pipets.  By  means  of  the  stopcocks  the  flow  can  be  excellently 
regulated  and  the  liquid  can  be  very  easily  drawn  to  the  mark.  For  oonveifienoe,  the 
upper  portion  of  the  pipets  was  graduated  instead  of  having  but  one  mark.  The 
liquid  was  drawn  into  the  pipets  by  means  of  a  pump  connected  through  phosphorus 
pentoxide  tubes. 

'  Except  for  the  aniline  solutions.    See  p.  1614. 

*  Hydrogen  scale. 
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takes  about  five  minutes.  The  conductivity  is  then  measured  and  the 
stirring  repeated  until  constant  values  for  the  resistance  of  the  solution 
are  obtained.  By  setting  up  the  apparatus  suitably,  all  of  these  processes 
can  be  made  almost  automatic  and  very  good  results  can  be  obtained. 
That  the  method  of  stirring  is  efficient  and  that  no  losses  of  solution  occur 
in  the  stopcocks  was  tested  by  making  a  series  of  measurements  with 
aqueous  solutions  of  potassium  chloride.  The  agreement  with  the  known 
values  for  this  salt  was  excellent.  Usually  this  method  of  making  up  the 
various  solutions  was  employed  only  for  the  dilute  solutions.  As  these 
solutions  gave  somewhat  peculiar  results,  one  or  two  sets  were  also  made 
with  more  concentrated  solutions  and  the  results  agreed  very  well  with 
the  data  obtained  from  independentiy  made  up  solutions.  Furthermore, 
these  peculiar  results  were  obtained  also  by  Schlesinger  and  Calvert, 
whose  apparatus  was  somewhat  different,  and  have  received  a  very  satis- 
factory explanation. 

The  resistances  of  the  solutions  were  measured  by  the  Wheatstone- 
Kohlrausch  method,  using  the  small  high  frequency  machine  with 
appropriate  capacities  in  the  circuit  as  described  by  Washbtun  and 
BeD.^  The  roller  bridge  employed  was  calibrated,  as  were  also  all  of  the 
resistances.  As  no  very  high  resistances  were  measured  it  was  found  un- 
necessary to  use  the  capacity  free  resistances  described  in  the  paper  re- 
ferred to  above.  All  resistances  were  measured  to  within  o.i%  which  is* 
an  accuracy  great  enough  in  view  of  the  other  possible  errors  when  one 
is  dealing  with  a  solvent  like  formic  acid. 

In  the  following  are  given  the  results  of  the  conductivity  measurements 
for  solutions  of  sodium,  potassium,  ammonium  and  phenyl  anmionium 
formates  and  for  hydrogen  chloride.  A  number  of  other  data  have  also 
been  determined,  as  will  appear  in  the  discussion. 

Sodium  Formate. 

The  sodium  formate  used  was  Elahlbaum's  best  grade,  which  gave  an 
analysis  corresponding  to  the  anhydrous  salt.  Before  it  was  used,  it  was 
kept  for  several  months  in  a  desiccator  with  phosphorus  pentoxide.  Table 
I  gives  the  results  of  the  conductivity  measurements  and  some  calcula- 
tions based  upon  them. 

Column  I  of  the  table  gives  the  number  of  the  experiment.  The  num- 
bers I,  to  Sm  ^^  ^^  ^  series  made  by  the  dilution  method  in  cell  number  2 
as  described  above;  the  other  data  are  from  entirely  independent  determi- 
nations. Coltunn  2  gives  the  concentrations,  c,  in  gram  molecules  per 
liter;  Column  3,  the  observed  specific  conductivities,  Xi  in  reciprocal  ohms; 
Column  4,  Xa  the  observed  specific  conductivity  minus  the  conductivity 
of  the  solvent;  Columns  5  and  6  the  value  100/ equivalent  conducttmty, 
»  This  Journai.,  35, 177  (1913). 
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as  calculated  from  the  concentration  and  the  specific  conductivities  given 
in  Golumns  3  and  4,  respectively.  From  these  values  of  100/equivaknt 
conductivity,  the  equivalent  conductivity  X  can  readily  be  ascertained. 
The  value  lOo/K  is  extensively  used  in  the  discussion  of  the  results,  and  it 
is  for  this  reason  that  it  was  included  in  the  tables  rather  than  the  more 
commonly  employed  equivalent  conductivities  themselves.  The  other 
data  in  the  table  will  be  discussed  below. 


OFNaOCHOAT25*. 

No. 

C. 

.X. 

^a. 

lOO/X. 

100A«. 

«. 

«a* 

K. 

JC«.i 

0 

0 

1.500 

1.530 

5i 

0.00548 

0.0003896 

0.0003193 

1.428 

1. 715 

As 

0.01095 

7457 

6814 

1.469 

1.607 

3« 

0.02190 

0.001445 

0.001381 

1.516 

1.586 

2» 

0.04381 

2789 

2724 

1.571 

1.608 

0.955 

0.951 

0.884 

0.816 

8 

0.06670 

4"5 

4052 

1.621 

1.646 

0.925 

0.930 

0.766 

0.817 

I* 

0.08763 

5279 

5215 

1.660 

1.680 

0.904 

0.910 

0.742 

0.814 

I 

0.1046 

6197 

6129 

1.688 

1.707 

0.889 

0.896 

0.742 

0.811 

7 

0.1484 

8439 

8376 

1.758 

1.772 

0.853 

0.864 

0.73s 

0.812 

9 

O.I718 

9606 

9544 

1.788 

1.800 

0.839 

0.850 

0.751 

0.827 

4 

0.2043 

0.01Z12 

0.01106 

1.837 

1.847 

0.817 

0.828 

0.742 

0.815 

6 

0.2351 

0.01252 

0.01245 

1.878 

1.887 

0.799 

0.811 

0.745 

0.816 

3a 

0.2760 

0.01429 

0.01423 

1.931 

1.940 

0.777 

0.789 

0.746 

0.816 

n 

0.2974 

0.01517 

0.01511 

1.960 

1.969 

0.765 

0.777 

0.742 

0.805 

11 

0.3338 

0.01661 

0.01655 

2.010 

2.017 

0.746 

0.758 

0.733 

0.795 

u 

0.3968 

0.01902 

0.01896 

2.086 

2.093 

0.719 

0.731 

0.730 

0.788 

2« 

0.4500 

0.02096 

0.02089 

2.147 

2.154 

0.699 

0.710 

0.729 

0.784 

15 

0.5157 

0.02304 

0.02298 

2.238 

2.244 

0.670 

0.682 

0.703 

0.753 

12 

0.5933 

0.02546 

0.02539 

2.3305 

2.336 

0.644 

0.655 

0.690 

0.737 

16 

0.9867 

0.03440 

0.03433 

2.871 

2.877 

0.522 

0.532 

0.564 

0.596 

As  has  been  recently  pointed  out  by  Kraus  and  Bray*  conductivity  data 
can  be  very  conveniently  examined  by  a  graphical  method  in  order  to 
determine  whether  the  electrolyte  in  question  obeys  the  mass  law.  By 
substituting  i  A  ^r  a,  the  mass  law,  a*c/i  —  a  ^  K,  can  be  transformed 
into  the  equation  lA  =  i/^  +  {i/K\o^)c\  which  is  a  linear  relation  be- 
tween i/X  and  cK.  We  have  preferred,  merely  for  convenience,  to  plot 
the  value  loo/X  against  the  specific  conductivity  (=  Xc/iooo).  This  can, 
of  course,  not  affect  the  conclusions. 

In  Fig.  3  are  foimd  a  number  of  such  plots  drawn  to  the  data  foimd  in 
Table  I.  The  curve  labeled  AA  corresponds  to  the  data  in  Columns 
4  and  6  of  the  table;  namely,  to  the  conductivities  obtained  by  subtracting 
the  conductivity  of  the  pure  solvent  from  the  observed  conductivity  of 

^  Calculated  from  the  conductivities  from  which  the  conductivity  of  the  solvent 
has  been'subtracted. 

'  The  measurements  for  number  2  were  made  while  the  bath  was  0.05  *  too  low. 
»  This  Journal,  35»  1324  (1913)-    See  also  Noyes,  Cameiie  PubUcaHons,  63. 
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the  solutions.  ^  It  will  be  seen  that  for  concentrations  lying  between  0.0438 
and  0.3  the  data  conform  very  well  to  a  straight  line.'  The  plot  on  which 
these  curves  were  originally  made  was  drawn  to  such  a  scale  that  deviations 
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from  the  straight  line  corresponding  to  0.1%  could  readily  be  observed 
and  none  of  the  values  departed  from  the  straight  line  by  more  than  0.2%^ 
which  is  within  the  experimental  error  when  one  is  dealing  with  a  solvent  so 
sensitive  to  moisture  as  is  formic  add. 

It  is  further  to  be  noted  that  the  conductivities  corresponding  to  con- 
centrations above  and  below  these  limits  depart  from  the  straight  Ume. 
The  higher  concentrations  are  to  be  discussed  below.  It  is  self-evident 
from  the  character  of  the  plot  that  the  deviations  in  the  low  concentrations 
mean  that  the  observed  conductivities  are  smaller  than  is  required  for 
conformity  to  the  mass  law.  Now  it  will  be  recalled  that  the  conduc- 
tivities used  in  plotting  Curve  AA  were  the  values  obtained  by  subtract- 
ing the  conductivity  of  the  pure  solvent  from  the  observed  conductivity 
of  the  solutions.  But  the  solutions  contain  highly  ionized  sodium  formate 
and  the  effect  of  the  presence  of  the  formate  ion  would  be  to  repress  the 

^  The  scale  of  ordinates  for  this  curve  is  found  on  the  outer  left-hand  margin  of 
the  plot. 

*  The  dotted  line  A' A'  is  this  straight  line  extended. 
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ionization  of  the  formic  add,  and,  therefore,  to  diminish  its  conductivity. 
Hence,  the  conductivity  obtained  by  subtracting  the  total  conductivity 
of  the  add  should  be  too  small,  and  the  values  of  lOo/X  too  large,  which 
would  accotmt  for  the  upward  trend  of  the  curve  in  the  dilute  solutions. 
Of  course,  the  same  thing  would  be  true  for  the  more  concentrated  solu- 
tions, but  in  these  the  conductivity  of  the  solution  is  so  large  that  the  role 
played  by  the  conductivity  of  the  solvent  is  of  less  importance.  This 
point  will  receive  further  elaboration  in  the  next  paragraph.  By  neglect- 
ing the  upward  turn  of  this  curve  and  extending  the  straight  line  portion 
to  the  axis  of  ordinate,  a  value  for  the  equivalent  conductivity  at  infinite 
dilution  may  be  obtained.^  This  is  found  to  be  65.4,  and  from  it,  or  from 
100  over  this  value,  the  degree  of  ionization,  a^,  for  the  concentrations 
in  the  range  just  discussed  and  the  ionization  constant,  K^,  can  be  cal- 
culated.^   These  values  are  found  in  Columns  8  and  10  of  the  table. 

In  view  of  the  probabiUty  that  the  presence  of  formate  ion  in  the  solu- 
tions represses  the  ionization  of  the  solvent  and,  therefore,  decreases 
its  conductivity,  a  second  curve,  BB  in  Fig.  3,*  has  been  plotted,  using 
the  conductivities  uncorrected  for  the  conductivity  of  the  solvent.*  The 
lower  omoentrations  again  deviate  from  the  straight  line,  this  time,  how- 
ever, in  the  opposite  direction.  This  deviation  indicates  that  the  conduc- 
tivities employed  for  these  concentrations  in  making  this  curve  are*  too 
large.  Two  pfossible  explanations  can  be  offered  for  this  phenomenon. 
In  the  first  pl^ce,  it  is  possible  that  in  the  more  dilute  solutions  the  con- 
centration of  formate  ion,  resulting  from  the  ionization  of  sodium  formate, 
is  suffident  to  repress  the  ionization  of  the  add  partially,  but  not  sufiK- 
dently  great  to  repress  it  completdy.  The  other  possible  explanation  is 
that  the  observed  conductivity  of  the  solvent  is  not  entirdy  due  to  its 
ionization,  but  is  in  part  due  to  impurities  present  even  in  our  best  acid. 
A  {Heliminary  calculation  which  we  have  made  shows  that  really  both 
causes  are  operative  in  producing  the  deviation  noted,  but  that  the  pres- 
ence of  an  impurity,  whose  conductivity  is  not  affected  by  the  ions  of  so- 
dium formate,  seems  to  be  the  most  important  factor.*    This  impurity  is 

^  On  the  assumption  that  the  mass  law  really  holds  to  infinite  dilution.  It  is  shown 
below  that  the  deviations  in  the  dilute  sdutions  do  not  indicate  deviation  from  the 
law,  as  they  are  due  soldy  to  the  high  conductivity  of  the  solvent. 

'  Owing  to  the  fact  that  the  values  of  X  occtu*  several  times  in  the  equilibrium 
law  equation,  the  deviations  of  the  constants  from  the  mean  (about  i%+)  are  greater 
than  the  deviations  of  the  conductivities  from  the  straight  line.  There  is  no  deviation 
in  the  constants  which  cannot  be  accounted  for  by  an  experimental  error  of  less  than 
0.2%. 

'  A  portion  of  this  curve  is  repeated  in  Fig.  4,  labded  "Na,"  This  enables  a  com- 
parison with  the  other  curves  there  given. 

^  The  scale  of  ordinates  for  Curve  BB  in  Pig.  3  is  found  on  the  inner  left-hand 
margin  of  the  plot. 

*  The  calculation  was  made  as  follows:    We  assumed  that  the  conductivity  of  the 
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probably  water  into  which  the  formic  add  seems  to  be  continuously  de- 
composing. This  conclusion  receives  strong  support  in  the  fact  that  the 
deviation  under  discussion  is  not  observed  in  the  solutions  of  hydrogen 
chloride,  which  contain  hydrogen  ion  capable  of  repressing  the  ioniza- 
tion of  both  the  formic  acid  and  of  the  water.  Since,  therefore,  the  con- 
ductivity of  the  solvent  is  due  chiefly  to  an  impurity  tmaffected  by  the 
presence  of  the  salt,  the  decrease  in  the  conductivity  due  to  the  latter  can 
only  be  very  small,  and  we  should  expect  that  the  data  corrected  for  the 
conductivity  of  the  solvent  should  more  closely  represent  the  true  conduc- 
tivity of  the  solute.  An  inspection  of  the  curves  shows  that  the  one  for 
the  corrected  conductivities  deviates  less  from  the  straight  line  in  the 
dilute  solutions  than  does  the  other.^  Nevertheless  we  have  calculated 
the  d^;rees  of  ionization  and  the  ionization  constants  from  the  data  tm- 
corrected  for  the  conductivity  of  the  solvent  and  have  presented  them  in 
Columns  7  and  9  of  the  table.  It  will  be  seen  that  they  do  not  differ 
very  much  from  the  others.  On  this  account  we  have  occasionsdly  used 
these  data  in  the  discussions,  as  they  are  a  little  simpler  to  handle;  but 
whenever  it  is  important  to  use  absolute  values  for  these  data,  the  con- 
ductivities corrected  for  the  conductivity  of  the  solvent  should  be  used. 
It  appears,  therefore,  that  sodium  formate,  when  dissolved  and  ionized 
in  (anhydrous)  formic  acid,  obeys  the  law  of  mass  action  up  to  a  concen- 
tration of  about  0.3  molar  when  the  degree  of  ionization  is  calculated  di- 
rectly from  the  conductivity  of  the  solutions.  Above  this  concentration 
the  degree  of  ionization  calculated  in  this  way  is  less  than  it  should  be  for 
continued  agreement  with  the  law,  and  as  the  concentration  increases 
the  deviation  gradually  becomes  greater.  This  is  the  reverse  of  the  kind 
of  deviation  observed  in  dilute  aqueous  solutions  of  strong  electrolytes. 
It  is,  however,  the  kind  of  deviation  which  is  to  be  expected  according  to 
the  kinetic  theory,  for  in  the  higher  concentrations  the  volume  actually 
occupied  by  the  dissolved  substance  must  become  appreciably  large  in 
comparison  with  the  total  volume  of  the  solution.'  Should  this  be  the 
correct  interpretation  of  the  deviation  which  we  have  observed  in  the  con- 
centrated solutions,  it  should  be  possible  to  make  a  correction  for  the  volume 

solvent  (6  X  io~*)  is  entirely  due  to  its  ionization  and  calculated  from  this  the  ion 
product  constant  of  the  solvent,  using  for  the  equivalent  ootiductivity  at  infinite  dilution 
the  value  75  which  we  have  obtained  for  hydrochloric  add.  (A  calculation  made 
using  220  led  to  the  same  results.)  Prom  the  ion  product  constant  thus  found,  we 
calculated  the  degree  of  ionization  of  the  solvent  in  the  presence  of  the  amount  of 
sodium  formate  contained  in  the  dilute  solutions  and  from  this  the  conductivity  of  the 
solvent  in  these  solutions.  The  maximiun  value  thus  found  was  only  8  X  10"*,  which, 
irtiile  not  entirely  negligible,  is  not  sufficient  to  account  for  the  whole  deviation. 

>  In  examining  the  curves  of  Pig.  3  it  must  be  borne  in  mind  that  the  axis  of 
aheciasae  is  different  for  the  two  curves  under  discussion.  If  drawn  to  the  same  origin 
of  axes,  the  two  curves  would  be  very  dose  together. 

>  See  Ostwald,  Z.  physik.  Chem,,  a,  270  (1888). 
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b,  of  dissolved  substance  by  writing  the  equilibrium  law  in  the  form 
of  the  equation 

} Vr Tn  =  K'  (i) 

in  which  v  is  the  volume  of  the  solution.  The  volume  b  is  the  sum  of  the 
volume  of  the  undissodated  molecules  plus  that  of  the  ions  and,  unless 
we  make  some  assumptions  in  regard  to  the  relative  values  of  these  vol- 
umes, the  equation  cannot  be  solved.  The  simplest  assumptions  to  make 
in  order  to  test  the  equation  are:  (i)  that  the  sum  of  Vp,  the  volume  of  one 
gram  ion  of  the  positive  ion,  plus  t;„,  the  voliune  of  the  corresponding  quan- 
tity of  the  negative  ion,  is  very  large  compared  to  v^,  the  volume  of  one 
gram  molecule  of  undissodated  salt;  (2)  that  Vp  plus  v^  is  twice  as  large 
^  ^m/  (3)  that  Vp  plus  V||  is  equal  to  t;^  and,  (4)  that  Vp  plus  v^^  is  negligibly 
small  compared  to  v^.  Calculation  shows  that  the  first  two  assumptions 
lead  to  values  for  K'  which  are  not  even  approximatdy  constant.  In 
Table  II  are  given  the  equilibrium  constants  K^  without  correction  taken 

Table  n. 


No,» 

£. 

K«.t 

K'fct 

rvt 

2s 

0.04381 

0.816 

0.816 

0.816 

8 

0.06670 

0.817 

0.818 

0.817 

If 

0.08763 

0.814 

0.816 

0.8x4 

I 

0.1046 

O.811 

0.814 

0.812 

7 

0.1484 

0.812 

0.817 

0.814 

9 

0.1718 

0.827 

0.834 

0.829 

4 

0.2043 

0.815 

0.825 

0.819 

6 

0.2351 

0.816 

0.829 

0.821 

5« 

0.2760 

0.816 

0.834 

0.823 

13 

0.2974 

0.805 

0.825 

0.815 

II 

0.3338 

0.795 

0.820 

0.808 

14 

0.3968 

0.788 

0.824 

0.809 

15 

0.5157 

0.753 

0.812 

0.793 

12 

0.5933 

0.737 

0.816 

0.796 

16 

0.9867 

0.596 

0.814 

0.820 

17 

1. 017 

0.584 

Mean, 

0.817 
0.821 

0.830 

0.815 

directiy  from  Table  I,  the  constants,  K'$,  for  the  whole  range  of  concentra- 
tions all  recalculated  on  the  basis  of  the  third  assumption  and  the  corre- 
sponding constants  K'4,  calculated  on  the  basis  of  the  fourth  assumption. 
The  equation  resulting  from  the  assumption  that  Vp  plus  »„  is  equal  to 

^  Number  2  has  been  omitted  since  the  measurements  were  made  at  a  somewhat 
lower  temperature  than  was  used  for  the  others.  Number  17  is  from  measurements 
made  by  Mr.  Coleman  who  is  continuing  the  work  herein  reported. 

*  The  constants  are  calculated  from  the  conductivities  which  have  been  corrected 
for  the  conductivity  of  the  solvent. 
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and  the  values  found  for  K'l,  in  the  table,  are  calculated  by  means  of  this 
equation,  using  the  value  0.275  for  v,„.  The  assumption  that  the  volume 
of  the  ions  is  negligible  leads  to  the  equation 

^ 

(i_«)(i_^^ji_«))-*^'*  (3) 

which  was  used  in  obtaining  the  values  for  K\,  the  value  of  v^  for  this 
calculation  being  0.6.  All  of  the  other  data  required  for  the  calculations 
were  taken  from  Table  I.  The  calculations  were  made  for  the  dilute 
solutions  in  which  the  uncorrected  mass  law  holds  as  well  as  for  the  concen- 
trated ones,  in  order  to  make  siu-e  that  the  volume  correction  introduces 
no  discontinuities. 

It  will  be  noted  that,  up  to  the  concentration  0.3,  the  original  uncorrected 
values  for  the  equiUbrium  constant  are  a  little  better  than  either  of  the 
corrected  constants  but  that  in  the  higher  concentrations,  for  which  the 
uncorrected  mass  law  gives  very  rapidly  falling  values  for  Ka*  both  of 
the  corrected  equations  yield  fairly  good  constants.  The  maximum  devia- 
tion of  the  values  of  K\  from  the  mean  is  2.7%,  which  corresponds  to  an 
error  in  the  measurement  of  the  conductivities  of  about  0.6%,  while  the 
maximum  deviation  of  K't  from  the  mean  is  1.6%  corresponding  to  an 
error  of  measurement  of  only  0.3%.  In  spite  of  this  apparently  fairly 
good  agreement  between  the  data  and  the  demands  of  the  eqtmtions, 
too  much  stress  must  not  be  laid  upon  these  calculations.  In  the  first 
place,  while  the  mean  deviations,  especially  in  the  case  of  K'l,  are  not  much 
larger  than  might  be  expected  from  the  probable  errors  of  measurement, 
they  are  not  as  irregular  as  might  be  expected  from  deviations  which  are 
due  entirely  to  experimental  enx>r.  In  the  second  place,  the  values  of  the 
term  v^  are  larger  than  one  would  expect.  Thus,  if  we  accept  the  results 
as  meaning  that  the  deviations  observed  in  the  concentrated  solutions  are 
completely  explicable  on  the  basis  of  the  volume  occupied  by  the  solute, 
we  must  conclude  that  in  a  molar  solution  the  dissolved  substance  occupies 
about  0.3  of  the  total  volume.  This,  of  coiu^,  would  not  be  probable 
unless  the  molecules  are  extensively  solvated.  Finally,  in  making  de- 
ductions from  these  equations,  the  fact  that  the  volume  correction  in- 
troduces a  third  constant,  v^^,  into  the  equations  must  not  be  overlooked, 
because  an  equation  with  three  constants  in  general  fits  a  given  set  of 
data  better  than  does  a  two  constant  equation.  Consequently,  we  can 
now  go  no  farther  than  to  say  that  very  likely  the  deviations  in  concen- 
trated solutions  are  at  least  partially^  due  to  the  vohune  occupied  by  the 
solute,  that  this  volume  is  probably  quite  large  and  that  the  volume  of 
^  It  is  not  unlikely  that  the  effect  of  the  viscosity  wiU  have  to  be  taken  into  con- 
ridention  in  the  more  concentrated  solutions.    See  p.  1606. 
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the  ions  is  probably  considerably  less  than  that  of  the  undissodated  mole- 
cules. It  is  hoped  that  further  work,  to  be  carried  out  on  more  concen- 
trated solutions  of  the  formates,  will  definitely  settle  these  points. 

Thus  far  the  conductivities  have  been  discussed  without  reference  to 
the  viscosities  of  the  solutions.  It  seems  quite  impossible  that  the  agree- 
ment found  for  the  conductivity,  uncorrected  for  the  viscosity,  of  sodium 
formate  solutions  in  formic  acid  with  the  mass  law  can  be  accidental  in 
character.  Furthermore,  we  have  found,  as  is  to  be  shown,  that  what 
is  true  of  sodium  formate  is  true  likewise  of  potassium  formate,  of  am- 
monium formate,  of  phenyl  ammonium  formate  and  of  hydrogen  chloride 
in  the  same  solvent  and  no  accident  could  be  responsible  for  this  array  of 
evidence.  Hence,  we  believed  that  these  solutions  might  be  particularly 
favorable  for  deciding  on  the  natiu-e  of  the  effect  produced  by  viscosity 
changes  and  some  preliminary  meastu'ements  were  therefore  made. 
The  viscosities  were  measiu'ed  in  a  small  Ostwald  viscometer  of  such  di- 
mensions that  the  ptu^  acid  flowed  out  in  about  loo  seconds.  From  the 
type  of  instrument  employed,  results  of  the  highest  degree  of  reliability 
cannot  be  expected,  but  the  results  are  suflSciently  accurate  to  give  a 
preliminary  survey  of  the  field.  At  the  same  time,  it  was  necessary  to 
determine  the  densities  of  the  solutions.  This  was  done  in  a  special  25 
cc.  flask  with  narrow  graduated  neck  and  gave  measurements  accurate 
to  about  0.1%  or  better,  which  is  fully  adequate  for  our  purpose.  The 
results  of  these  meastu'ements  are  tabulated  in  Table  III.  Column  i 
gives  the  concentration;  Coltunn  2  the  density  d;  Coltunn  3  the  viscosity  ij, 
and  Column  4,  a  constant,  i4,  calculated  from  the  viscosities  on  the  basis 
that  the  variation  of  these  with  the  concentration  is  a  linear  function. 
The  experimental  values  for  the  densities  can  be  very  accurately  repro- 
duced by  the  equation:      ,  , 

•^  ^  a  =  1.2142  +  0.0356c. 

Table  III.— Tbs  Rslatzvs  Viscositibs  and  Dbnbitibs  ov  Sodedh  Poriiats  Solu- 
tions IN  PoRiac  Acid  at  25  ^ 


c 

d. 

f* 

A. 

o.oocx> 

I. 2142 

0.0162 

0.04228 

1. 2156 

0.01669 

O.OII82 

0.06941 

1.2162 

0.01700 

O.OII53 

O.II24 

I. 2183 

0.01743 

0.01094 

0.2382 

1.2228 

0.01892 

O.OII42 

0.4460 

I . 2298 

0.02139 

O.OII64 

0.5759 

1.2342 

0.02302 

O.OII82 

0.7435 

1.2400 

0.02532 

0.01227 

0.9876 

1.2497 

0.02926 

0.01325 

>  These  viscosities  are  only  relative  values.  No  effort  was  made  to  detennine  the 
absolute  value  for  the  pure  add,  and  as  the  data  found  in  the  literature  differed  con- 
siderably from  each  other,  the  rounded  figure  0.0162  was  chosen  for  the  pure  add. 
Since  we  have  no  means  of  determining  the  accuracy  of  the  viscosity  data  until  they 
have  been,  at  least  in  part,  repeated  with  a  more  reliable  instrument,  we  have  given  the 
number  of  decimal  places  which  correspond  to  the  "reprodudbility"  of  the  results. 


Digitized  by  VjOOQIC 


STUDIBS  IN  CONDUCTIVITY.     H. 


1603 


It  will  be  observed  that  the  values  of  A  show  a  decided  minitnum. 

The  deviation  from  a  straight  line  is  not  very  great,  amounting  to  a  few 

per  cent.     In  calculating  the  viscosities  corresponding  to  the  concentra- 

ticms  required  for  the  conductivities,  a  value  for  the  constant  A  was  chosen 

from  the  table  by  interpolation  and  the  viscosity  calculated  by  a  straight 

line  formula  of  the  form : 

ri  =  0.0162  +  Ac.  (2) 

By  choosing  for  each  concentration  suitable  values  for  A  the  experimentally 

determined  viscosities  can  thus  be  very  well  reproduced.    Table   IV 

gives  the  results  of  the  viscosity  calculations.    Column  i  again  gives  the 

number  of  the  conductivity  determination;  Column  ,2  the  concentration; 

Column  3,  the  value  for  A  for  the  respective  concentrations  calculated 

as  described  above;  Column  4  the  viscosities  calculated  according  to  eqtm- 

tion  2;  Column  5,  the  value  of  a  hypothetical,  corrected  conductivity 

calculated  on  the  basis  of  the  equation 

X,  *  X.  v/% 

in  which  ly  is  the  viscosity  of  the  solutioi^  %  the  viscosity  of  the  pure 

solvent,  X  the  specific  conductivity  of  the  solution  not  corrected  for  the 

conductivity  of  the  solvent,  and  Xf  the  hypothetical,  corrected  specific 

conductivity.    Column  6  gives  the  value  of  100/ X,  as  calculated  from  the 

"corrected  specific  conductivity"  of  Column  5  and  the  concentration. 

Tabi^  IV. — CoNDUcnvinss  of  NaOCHO  at  25*  Cosrsctsd  wor  Viscosiry. 


N«. 

C, 

A. 

n* 

»f. 

lOOAf. 

0 

0 

0.01620 

• . . 

Ss 

0.005477 

0.012 

0.01627 

0.0003852 

1.427 

4t 

0.01095 

0.012 

0.01633 

0.0007517 

1.457 

3s 

0.02190 

0.012 

0.01646 

0.0014685 

1.492 

2* 

0.04381 

O.OII8 

0.01672 

0.002878 

i.5aa 

8 

0.06670 

O.OII3 

0.01697 

0.0C4310 

1.54S 

U 

0.08763 

O.OII2 

0.1718 

0.005598 

1.565 

I 

0.1046 

O.OIIO 

0.01735 

0.0066375 

1.576 

7 

0.1484 

O.OIII 

0.01785 

0.009298 

1.596 

9 

0.1718 

O.OII2 

0.01812 

0.010745 

1.599 

4 

0.2043 

O.OII3 

0.0185 1 

0.01270 

1.608 

6 

0.2351 

O.OII4 

0.01888 

0.01459 

1. 611 

13 

0.2974 

O.OII45 

0.01960 

0.018355 

1.620 

II 

0.3338 

O.OII5 

0.02004 

0.02055 

1.624 

14 

0.3968 

O.OII6 

0.02080 

0.02442 

1.625 

2* 

0.4500 

0. 01 165 

0.02144 

0.02774 

1.622 

15 

0.5157 

0. 01 174 

0.02225 

0.03166 

1.628 

12 

0.5933 

O.OII87 

0.02324 

0.03652 

1.625 

16 

0.9876 

t 

0.02928 

o.o62i7» 

I  589 

» See  footnote  i.  Table  III. 

*  This  concentration 

b  one  for  which  the  viscosity 

was  directly  determined. 

'There 

was  no  nx>m 

for  this  value 

on  the  plot. 

*  The  measurement  of  the  conductivity  was  made  while  the  bath 

was  0.05*  too 

low. 
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The  values  of  100/ X,,  taken  from  Table  IV,  have  been  plotted  against 
the  specific  conductivities  "corrected  for  viscosity"  taken  from  the  same 
table.  The  curve  is  labeled  CC^  on  Fig.  3.  The  portion  of  the  curve 
corresponding  to  concentrations  up  to  0.3  molar  is  not  a  straight  line.* 
Above  this  concentration  the  curve  is  almost  a  straight  line.  Up  to  about 
0.6  molar  the  maximum  deviation  from  the  straight  line  is  cmly  about 
0.5%  and  even  at  the  most  concentrated  solution  measured,  0.9876  molar, 
the  deviation  may  be  due  to  error  in  the  viscosity  measurements,  as  it  is 
well  known  that  the  small  viscometers  of  the  type  used  may  deviate 
quite  a^little  from  Poiseuille's  law  when  the  relative  viscosities  measured 
differ  as  much  as  they  do  in  the  case  of  these  solutions.*  We  may,  there- 
fore, treat  the  curve,  for  the  present,  as  if  it  were  a  straight  line,  parallel 
to  the  axis  of  specific  conductivities.  Such  a  line  does  not,  however, 
indicate  agreement  with  the  demands  of  the  equilibrium  law.  For  the 
curve  means,  if  the  conductivities  corrected  for  viscosity  are  to  be  used 
in  calculating  the  degree  of  ionization,  that,  as  we  go  from  dilute  to  con- 
centrated solutions,  the  degree  of  ionization  first  decreases  and  then  be- 
comes constant  and  remains  constant  to  very  high  concentrations.^  Sudi 
a  conclusion  is  not  even  qualitatively  in  agreement  with  our  ideas  of 
chemical   equilibrium.*    Consequently,   it   seems  very  doubtful  to   us 

^  The  scale  of  ordinates  for  this  curve  is  found  on  the  inside  of  the  left-hand 
margin  of  the  plot. 

s  This  cannot  be  due  to  the  effect  of  the  conductivity  of  the  solvent.  In  the  first 
place,  the  corresponding  curves  for  the  data  which  have  not  been  "corrected"  for  vis- 
cosity are  straight  lines  at  much  lower  concentrations.  In  the  second  place,  it  can  be 
shown  that  the  influence  of  the  conductivity  of  the  solvent  upon  the  diaracter  of  the 
curve  ceases  above  0.05  molar.  The  data  given  in  Table  IV  have  not  been  corrected 
for  the  conductivity  of  the  solvent.  If  this  correction  is  made  and  the  resulting  data 
are  plotted  and  compared  with  curve  CC,  it  will  be  found  that  the  two  curves  are  en- 
tirely similar  until  we  get  considerably  below  the  concentration  0x35  mdar,  where  the 
doubly  corrected  curve  flattens  out  and  gradually  turns  upward.  Prom  this  it  Is  dear 
that  it  is  only  below  0.05  molar  that  the  conductivity  of  the  solvent  affects  the  character 
of  the  curve. 

*  On  the  other  hand,  it  is  possible  that  these  deviations  from  the  straight  line  are 
real  and  that  there  is  a  true  maximum  at  about  0.5  molar.  The  deviation  can  be  only 
very  slight,  however.  The  data  for  potassium  formate  show  a  similar,  but  even  less- 
pronounced  y«^^*""*"  (deviation  from  the  straight  line  only  0.3%),  while  in  the  case 
of  ammonium  formate  there  is  a  more  deariy  defined  maTJmum.  It  will  require  more 
accurate  data,  which  are  now  being  obtained,  to  decide  the  question.  The  conclusions 
which  we  have  tentatively  reached  in  the  main  body  of  this  paper  would  not  be  affected 
if  J  the  curves  show  a  maximum  instead  of  being  horizontal  straight  lines. 

^  If  we  consider  the  curve  to  have  a  real  maximum,  we  must  oondude  that  the  de- 
gree of  ionization  has  a  minimum  at  about  0.5  molar. 

*  Robertson  and  Acree,  Am,  Chem.  /.,  49,  502  (1915)  have  found  that  when  they 
applied  the  viscosity  correction  to  some  of  their  conductivity  data  somewhat  shnilar 
results  were  obtained. 
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that  the  application  of  the  viscosity  conection^  is  justified  in  these 
solutions. 

^nce  there  is,  however,  a  great  deal  of  evidence  that  the  viscosity 
has,  in  many  solutions,  a  decided  effect  upon  the  mobilities  of  the  ions, 
there  must  be  a  reason  why,  in  the  case  of  the  solutions  of  the  formates 
in  formic  add  which  we  have  investigated,  the  viscosity  should  have  no 
such  influence.  There  are  a  number  of  conceivable  explanations.  In 
the  first  place,  it  is  possible  that  in  the  dilute  solutions  the  ions  are  exten- 
sively solvated  and  that  as  the  concentration  increases  they  lose  their  formic 
add  of  solvation  and  thus  become  smaller.'  Such  a  progressive  change 
in  the  volume  of  the  ions  could,  of  course,  counteract  the  increase  in  vis* 
cosity.  It  does  not  seem,  however,  as  if  this  could  be  the  correct  inter- 
pretation, as  the  decrease  in  volume  necessary  to  produce  the  required 
result  is  greater  than  we  have  reason  to  believe  likely  to  occur.* 

A  much  more  reasonable  explanation  for  the  absence  of  a  noticeable 
viscosity  effect  is  the  following:  Kraus^  has  suggested  that  in  many  or- 
ganic solvents  the  great  increase  in  viscosity  with  increasing  concentration 
is  due  to  the  presence  in  the  solutions  of  a  relatively  small  number  of  very 
large  undissodated  molecules  and  that  these,  while  they  greatly  decrease 
the  fluidity  of  the  solution  as  measux^  by  the  rate  of  flow  through  a  capil- 
lary tube,  do  not  greatly  affect  the  mobility  of  the  ions.  This  explana- 
tion is  not  in  contradiction  to  any  of  the  commonly  dted  theories  concern- 
ing the  flow  of  partides  through  viscous  media,  since  these  theories  are 
based  on  the  assumption  that  the  molecules  of  th^  diffusing  substance 
are  large  compared  to  the  molecules  of  the  viscous  medium.  Furthermore, 
the  direct  experimental  evidence  of  these  theories  has  been  obtained  under 
oonditions  in  which  these  assumptions  are  justified.  We  have  some  evi- 
dence that,  in  the  solutions  now  under  discussion,  the  reverse  of  these 
assumptions  is  true.  In  the  first  place,  the  increase  of  the  viscosity  as 
the  concentration  increases  is  very  large,  indicating  that  the  molecules 
which  produce  the  viscosity  change  are  very  large.  In  the  second  place, 
although  the  evidence  is  indirect  and  not  yet  definitdy  established,  the 
behavior  of  the  concentrated  solutions*  seems  to  indicate  that  the  ions 

1  A  number  of  modifications  of  the  simple  viscosity  correction  have  been  suggested 
by  Green,  Johnston,  Washbwn,  Kntus  and  others.  For  references,  see  the  articles 
by  Kraus  dted  below.  We  have,  so  far  as  the  data  permit,  applied  such  modified 
viscosity  corrections,  but  have  found  that  no  essential  dianges  have  resulted.  These 
calculations  are  therefore  not  given. 

sThe  same  suggestion  has  been  made  for  aqueous  solutions.  See  for  example. 
Hartley,  Thomas  and  Applebey,  /.  Chem,  Soc.,  93,  555  (1908);  Green,  Ibid.,  93, 
2033;  Bousfield.  Z.  physik,  Chem.,  53,  257  (1903);  Washburn,  7>a»5.  Am,  Electrochem, 
Soc.,  21, 128  (1912). 

»  See  Kraus,  T»8  Journal,  36,  35  (1914). 

^  Loc.  cii.    See  also  Washburn,  he.  cU.,  p.  30,  ei  seq. 

*  See  page  1602. 
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axe  considerably  smaller  than  the  undissociated  molecules.  These  are 
exactly  the  conditions  which,  according  to  Kraus,  tend  to  make  relatively 
smaU  the  effect  of  viscosity  increase  upon  the  conductivity  of  solutions. 
In  view,  therefore,  of  the  possibility  of  explaining  the  apparent  absence 
of  viscosity  influence  and  especially  because  of  the  excellent  agreement 
between  the  data  for  uncorrected  conductivities  and  the  demands  of  the 
law  of  chemical  equilibrium,  we  believe  that  the  usual  viscosity  correction 
should  be  not  applied  in  these  solutions.^  As  has  been  already  mentioned 
this  conclusion  receives  added  confirmation  from  the  fact  that  thus  far 
in  all  of  the  solutions  investigated  by  us  in  this  solvent  the  same  condi- 
tions are  found.* 

Potassium  Formate. 

The  potassium  formate  was  prepared  by  treating  pure  potassium  car- 
bonate  with  a  large  excess  of  boiling  formic  add,  which  had  been  purified 
by  the  method  described.  The  resulting  salt  was  reaystallized  several 
times  from  the  pure  add.  When  apparently  dry,  the  salt  was  found  still 
to  contain  as  much  as  20%  of  the  add.  This  was  removed  by  heating  the 
substance  to  about  150°  (which  is  a  little  bdow  the  mdting  point  of  the 
pure  salt)  for  several  days  until  it  reached  constant  weight.  The  restilting 
solid  analyzed  to  99.6%  potassium  formate.  The  residual  add,  whldi 
it  probably  contained,  could  doubtlessly  have  been  driven  out  by  melting 
the  salt,  but  as  the  presence  of  add  could  not  affect  the  results*  it  was 
thought  better  to  leave  the  salt  in  the  condition  described  rather  than  to 
risk  the  danger  of  decomposition  by  further  heating. 

The  solutions  were  made  up  as  was  described  for  sodium  formate.  The 
potassium  salt  is,  however,  far  more  hygroscopic  than  the  sodium'  salt 
and  consequently  there  is  much  greater  liability  of  slight  deviations.  In 
spite  of  this,  the  data  for  this  salt  are  as  concordant  as  they  are  for  the 
sodium  formate.  The  data  for  the  conductivity  measurements  will  be 
found  in  Table  V,  the  arrangement  of  this  table  being  the  same  as  for 
Table  I. 

It  will  be  seen  from  the  table  that  the  conductivity  data  agree  very  well 
with  the  mass  law  whether  they  be  "corrected"  for  the  conductivity  of 
the  solvent  or  not.  As  in  the  case  of  sodium  formate,  deviation  from  the 
straight  line,  which  represents  the  behavior  in  case  agreement  with  the 

1  It  is  not  unlikely  that  in  the  concentrated  solutions  the  viscosity  effect  becomes 
noticeable. 

>  Solutions  of  other  uni-univalent  formates  are  being  investigated  in  the  hope  that 
in  some  of  them  the  viscosity  conditions  will  not  be  like  those  thus  far  met  with.  This 
may  lead  to  a  definite  means  of  proving  our  conclusions.  Furthermore,  conductivity 
determinations  of  mixed  solutions  will  be  made  in  order  to  see  whether  the  conductiv- 
ities thus  found  will  agree  with  the  mass  law  and  the  degrees  of  ionization  as  calculated 
in  this  paper.  Finally,  transference  experiments  are  planned  to  complete  the  data 
necessary  for  a  complete  duddation  of  the  points  discussed. 
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Tabls  v.— CoNDucnvmr  of  KOCHO  at  25*. 


Sfc«        c 

x- 

Xm- 

100/X. 

lOOAa. 

a. 

«« 

K. 

Ka, 

0             0 

.  .  . 

*  •  > 

1.430 

1.452 

. . . 

51  0.OIQS6 

0.000759 

0.000696 

1. 391 

1. 514 

4j  0.02112 

0.001482 

O.001419 

1.425 

1.488 

14  0.4052 

0.002756 

0.002693 

1.470 

1.505 

U  0.4224 

0.002864 

0.002801 

1.475 

1.508 

3    0.5480 

O.CX33667 

0.003603 

I  495 

1. 521 

13    0.06342 

0.004210 

0.004147 

1.506 

1.529 

[0.95] 

[I. II] 

9    0.07661 

0.005000 

0.004974 

1.533 

1.552 

[0.93] 

[0.935I 

[0.992J 

ti 

036J 

2,   o.oa448 

0.005474 

0.005411 

1.543 

1. 561 

[o.927j[o.93ol 

[0.991I 

ii. 

05] 

10    0.09464 

0.006063 

0.006002 

1.560 

1.577 

0.917 

0.921 

0.955 

006 

8    0.1059 

0.006901 

0.006638 

1. 581 

1.596 

0.904 

0.910 

0.907 

0 

9761 

13    0.1 137 

0.007171 

0.007108 

1.585 

1-599 

0.902 

0.909 

0.946 

027 

4    0.1270 

0.007917 

0.007854 

1.604 

1. 617 

0.891 

0.898 

0.930 

004 

16    0.1712 

0.01036 

0.01030 

1.652 

1.662 

0.866 

0.874 

0.954 

035. 

S    0.2121 

0.0x249 

0.01243 

1.698 

1.706 

0.842 

0.851 

0.953 

008 

n    0.2627 

0.01499 

0.01493 

1-751 

1-759 

0.817 

0.825 

0.956 

026 

12    0.3043  . 

0.01696 

0.01690 

1.793 

Z.800 

0.797 

0.807 

0.955 

024 

6    0.3195 

0.01765 

0.01759 

1. 810 

Z.816 

0.790 

0.800 

0.950 

019 

19    0.3917 

0.02086 

0.02080 

1.877 

1.883 

0.762 

0.771 

0.954 

017 

«7    0.4432 

0.02301 

0.02295 

Z.922 

1.927 

0.744 

0.753 

0.948 

021 

18    0.6104 

0.02918 

0.02912 

2.094 

2.098 

0.683 

0.692 

[0.898J 

[0. 

950  J 

hw  exists,  is  f ottnd  above  and  below  certain  limits,  the  range  of  agreement 
in  this  case  being  from  0.09  to  above  0.45  molar.  Since  the  nature  of  the 
deviation  in  the  low  concentrations  is  of  exactly  the  same  kind  as  in  the 
case  of  the  sodium  salt,  we  may  again  assume  that  it  is  due  to  a  small 
residual  conductivity  of  the  add,  a  residual  conductivity  caused  chiefly 
by  some  impurity  whose  degree  of  ionization  is  not  repressed  by  the  ions 
of  the  potassium  formate. 

The  concentrated  solutions  also  are  entirely  analogous,  the  deviation 
from  the  law  of  mass  action  of  both  being  in  the  sense  that  the  degree  of 
ionization  is  too  small.  In  the  case  of  the  potassium  salt  the  deviation 
b^ins  at  a  higher  concentration  than  in  the  case  of  the  sodium  salt.  On 
accoont  of  the  similarity  of  the  two  cases,  only  one  curve  is  shown  for 
potassium  formate,  namely,  the  one  for  the  conductivities  "imcorrected" 
far  the  conductivity  of  the  solvent.    It  is  found  in  Fig.  4  and  is  labeled  K. 

The  viscosities  and  densities  were  determined  in  the  manner  described 
for  the  sodium  salt.  The  viscosities  corresponding  to  the  concentrations 
were  calculated  from  the  values  found  in  Table  VI  just  as  has  been  de- 
scribed for  the  other  solutions  and  a  set  of  conductivities  "corrected  for 
viscosity"  calculated  as  before.  These,  and  the  corresponding  values  of 
100/ X^  are  found  in  Table  VII. 

*  N08.  I  and  2  were  made  with  a  salt  containing  20%  add  and  are,  therefore,  not 
iMladed.  Number  15  was  practically  identical  with  number  16  and  is  not  induded. 
Numbers  8  and  4,  do  not  lie  well  on  the  curve  but  they  are  practically  duplicated  in 
;  15  and  16  which  agree  very  well. 
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Fig.  4 
Tabids  VI. — DsNsinr  and  Rblattvb  Viscosity*  of  KOCHO  Solutions  at  25*. 


c 

A 

A. 

V. 

0 

I. 2142 

.... 

0.0162 

0.0548 

I. 2166 

0.0109 

0.01680 

0.0733 

.... 

0.0108 

0.01699 

0.0176 

0.0105 

0.01743 

0.1270 

I. 2201 

.... 

0.1787 

.... 

0.01063 

O.OI8IO 

0.1888 

.... 

0.0106 

0.01820 

0.2099 

.... 

O.OIOI 

0.01832 

0.2I2I 

1.2230 

.... 

.... 

0.2619 

.... 

0.61008 

0.01884 

0.2878 

1.2266 

0.0097 

0.01899 

0.3195 

1.2282 

0.01004 

O.OI94I 

0.3832 

1.2324 

.... 



0.3917 

.... 

0.01009 

0.02015 

0.4445 

.... 

0.01005 

0.02067 

0.6104 

1.2420 

0.01030 

0.02237 

The  density  data  of  Table  VI  can  be  reproduced  with  an  accuracy  of 
better  than  0.01%  by  the  equation 

d  =  1.2 142  +  0.045c. 
1  See  footnote.  Table  III. 
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Tjoxm  VII.— CoHDUcnviTY  ov  KOCHO  Soi^tmoNS  "Coxuctsd  vor  Viacosiry" 

AT  25  •. 


No.* 

e. 

f.« 

Xr 

lOOAf. 

0 

0 

0.0162 

.... 

... 

5s 

0.01036 

0.01632 

0.000765 

1.381 

As 

0.02 112 

0.01643 

0.001503 

1.405 

3s 

0.04224 

0.01664 

0.002945 

1.434 

3 

0.05480 

0.01680 

0.003803 

1.441 

13 

0.06342 

0.01690 

0.00439a 

1.444 

9 

0.07661 

0.01703 

0.005256 

1.458 

2« 

0.08448 

0.01710 

0.005778 

1.462 

10 

0.09464 

O.01721 

0.006443 

1.469 

15 

0.1137 

0.01741 

0.007707 

1.474 

16 

0.1712 

0.01801 

0. 01 152 

1.487 

5 

0.2121 

0.01834 

0.01414 

1.500 

II 

0.2627 

0.01885 

0.01745 

1.506 

13 

0.3043 

0.01927 

0.02008 

1.508 

6 

0.3195 

0.01943 

0.03II7 

1.509 

19 

0,3917 

0.02016 

0.02596 

1.509 

17 

0.4433 

0.02068 

0.02937 

1.509 

18 

0.6104 

0.02249 

0.04051 

1.507 

The  curve,  K'  (Fig.  4)  for  the  conductivities  "corrected  for  viscosity"{is 
jtist  like  the  corresponding  one  for  sodium  formate.  It  t>ecomes  parallel  to 
the  aads  of  specific  conductivities  at  the  concentration  0.26  molar  and  re- 
mains so  to  the  highest  concentration  measured,  0.61  molar,  which,  however, 
is  not  nearly  so  high  a  concentration  as  the  liighest  for  sodium  formate. 
It  is  not  impossible  that,  at  a  corresponding  concentration,  the  potassium 
formate  curve  might  fall  ofif  from  the  straight  line  as  does  the  other. 
The  line  as  drawn  deviates,  in  the  parallel  portion,  only  by  0.2%  from  the 
straight  line. 

Ammonium  Formate. 

Solutions  of  this  salt  have  already  been  investigated  by  Schlesinger 
and  Calvert.'  It  was  deemed  advisable  to  repeat  this  work  for  several 
reasons.  In  the  first  place,  owing  to  the  fact  that  their  solutions  were  made 
by  passing  ammonia  into  the  add,  only  one  or  two  analyses  of  the  original 
solution  could  be  made  and  the  remaining  solutions  had  to  be  made  up 
by  the  dilution  method.  This  is  objectionable  in  the  concentrated  solu- 
tions, because  of  possible  volume  changes  upon  dilution  which  cannot 
readily  be  taken  into  account^  as  was  pointed  out  in  the  earlier  paper. 

^  Those  ezperiments  which  on  the  curve  for  conductivities  uncorrected  for  viscosity, 
appeared  not  to  be  in  concordance  with  the  others  have  been  omitted  in  this  table. 
There  are  practically  duplicates  for  all  such  points.  Also  points  lying  very  dose^to 
one  another  have  been  represented  here  by  only  one  of  the  two. 

*  See  footnote  i.  Table  III. 

*  In  the  more  dilute  solutions  such  changes  cannot  be  <^  importance. 
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In  the  second  place,  the  analyses  were  difficult  to  make  because  of  the 
large  excess  of  very  volatile  add  present  in  the  solutions.  In  order  to 
avoid  these  difficulties/  we  prepared  ammonium  formate  by  saturating 
the  purest  add  with  ammonia  and  recrystallizing  the  salt  from  formic 
add  solution.  The  salt  thus  prepared,  was  kept  for  weeks  in  a  desiccator 
over  potassium  hydroxide.  The  final  product  was  analyzed  by  distilling 
oS  the  ammonia  in  the  presence  of  sodium  hydroxide.  All  of  the  usual 
precautions  to  prevent  spattering  of  the  alkali  and  of  removing  all  of  the 
ammonia  by  a  current  of  piu-e  air,  etc.,  were  obsen-ed.  The  add  in  which 
the  ammonia  was  collected  was  carefully  standardized.  The  salt  used 
showed  ioo%  ammonium  formate  within  the  limits  of  analytical  error. 
From  this  salt  the  solutions  were  made  up  as  in  the  case  of  the  previously 
described  salts. 

The  results  of  the  measurements  are  given  in  Table  VIII  and  in  the  curve 
labeled  NH«  in  Fig.  4.  This  is  the  curve  for  the  actually  observed  con- 
ductivities, those  corrected  for  the  conductivity  of  the  solvent  not  being 
plotted  because  of  their  similarity  to  the  sodium  formate  curve.    The 
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Tabui  VIII.— Conductivity  of 

NHiOCHO  AT 

C    X. 

25*. 

No.« 

C, 

X-              Xa- 

lOO/X.     IOO/X41. 

a. 

oca. 

K. 

Ka. 

0 

0 

....            .... 

1. 410    I 

.430 

. . . 

4s 

O.OII63 

0.000866  0.000803 

1.340   I 

447 

Si'' 

0.02197 

0.001598  0.001535 

1.375    I 

431 

14 

0.02962 

0.002125  0.002062 

1-395     I 

438 

2l' 

0.04394 

0.003065  0.003002 

0.434     I 

464 

2s 

0.04646 

0.003220  0.003157 

1.443     I 

472 

13 

0.06821 

0.004581  0.004515 

1.489     I 

511 

0.947 

0.946 

1.15 

1. 14 

u 

0.09293 

0.006134  0.006071 

I. 515     I 

531 

0.931 

0.934 

1. 16 

1.23 

2 

0.1070 

0.006988  0.006923 

1.532     I 

546 

0.920 

0.925 

1.14 

1.22 

6 

O.I914 

0.01184    0.01177 

I. 617     I 

636 

0.872 

0.879 

1.14 

1.23 

I 

0.2711 

0.01609    0.01603 

I .685     I 

691 

0.837 

0.845 

1. 16 

1.23 

xa 

0.3207 

0.01855     0.01848 

1.728     I 

735 

0.816 

0.824 

1. 16 

1.24 

ID 

0.3220 

0.01858    0.01852 

1.732     I 

739 

0.814 

0.822 

1. 15 

1.23 

5 

0.3822 

0.02154    0.02147 

1.775     I 

780 

0.794 

0.803 

[1. 17]* 

ti.25l* 

II 

0.4236 

0.02336    0.02329 

I. 813     I 

819 

0.778 

0.786 

1. 15 

1.23 

4 

0.4643 

0.02519    0.02512 

1.843     I 

848 

0.765 

0.774 

1. 16 

1.23 

3 

0.5351 

0.02825     0.02819 

1.894     1 

898 

0.744 

0.753 

1. 16 

1.23 

8 

0.6081 

0.03115     0.03108 

1.952     1 

956 

0.723 

0.731 

1. 15 

1. 21 

7 

0.6575 

0.03304    0.03298 

1.990     I 

994 

0.709 

0,717 

U.13] 

[1.20] 

^  Our  procedure  is  not  as  reliable  for  the  dilute  solutions  as  will  be  shown  below. 

*  Two  series  were  made  in  this  case  because  the  data  did  not  agree  with  those  of 
Calvert  and  the  curve  was  not  just  like  the  sodium  formate  curve  in  the  dilute  solutions. 
The  corresponding  data  have  been  numbered  s  and  s\  respectively.  They  are  seen  to 
be  concordant. 

*  Made  up  in  a  calibrated  50  cc.  flask. 

*  This  point  is  apparentiy  incorrect.    This  can  be  seen  by  reference  to  the  plot. 


Digitized  by  VjOOQIC 


STUDIOS  IN  CONDUCMVITY.     n.  161I 

It  IS  evident  that  the  results  for  ammonium  {annate  are,  in  genend, 
like  those  for  sodium  and  potassium  formate  and  that  they  fully  confirm 
the  results  of  Schlesinger  and  Calvert.^  The  deviation  in  the  more  con- 
centrated solutions  begins  above  0.55  molar.*  A  slight  difference  between 
the  ammonium  salt  and  the  others  is  found  in  the  dilute  solutions,  which 
fall  away  from  the  straight  line  much  more  rapidly  than  do  the  correspond- 
ing points  for  the  other  salts.  We  ascribe  this  to  impurity  in  the  ammo- 
nium formate,  because  Schlesinger  and  Calvert's  results  were  entirely 
analogous  to  ours  on  sodium  and  potassium  formates  and  because  we 
obtained  a  similar  result  with  an  ammonium  formate  sample  which 
bad  been  freshly  prepared.  This  sample  of  salt  was  not  then  used  be- 
cause it  still  contained  an  excess  of  formic  acid.  The  somewhat  different 
tesult  obtained  after  the  salt  has  been  kept  for  some  time  can  be  explained 
by  assuming  partial  (very  slight)  transformation  into  formamide.  This 
impurity  would  not  affect  the  concentrated  solutions  because  its  conduc- 
tivity is  very  small.'  But  in  the  more  dilute  solutions,  where  it  would 
be  more  highly  ionized,  its  effect  would  be  to  make  the  apparent  conduc- 
tivity of  the  ammonium  formate  too  large.  This  explanation  is  offered 
only  as  a  suggestion;  ftuiher  work  would  be  required  to  settle  the  point. 
It  is,  however,  a  matter  of  little  importance,  since  the  agreement  with 
data  for  the  salts  in  the  more  concentrated  solutions  is  excellent. 

The  viscosity  and  density  data  are  given  in  Table  IX. 

Tabids  IX.— Viscosmr  and  Density  of  NH4OCHO  Solutions  at  25  •. 


e. 

d. 

n-* 

A. 

0.8847 

1.2273 

0.02418 

0.00903 

0.8390 

1.2269 

0.02356 

0.00888 

0.5221 

Z.2222 

0.02063 

0.00848 

0.3676 

I.22Q3 

0.01923 

0.00824 

0.3207 

.... 

0.0x888 

0.00835 

0.2868 

I. 2189 

0.01859 

0.00833 

0.2495 

1. 2186 

0. 01 841 

0.00886 

0.1422 

1. 2166 

0.01745 

0.00907 

0.05978 

1. 2152 

0.01680 

0.01004 

0 

X.2142 

0.0162^ 

In  Table  X  are  given  the  calculations  for  the  "corrected  conductivities," 
calculated  as  before. 

^  The  line  drawn  from  their  data  does  not  fall  exactly  on  ours,  probably  because 
<rf  the  more  accurate  analysis  permitted  by  our  method  of  making  up  the  solutions. 

'  The  last  one  of  our  points  to  fall  on  the  straight  line  is  for  the  concentration 
0-535.  The  next  point  0.608,  lies  slightly  above  the  line,  but  S.  and  C.  found  that  the 
point  for  0.55  was  still  on  the  line. 

'  The  concentrated  solutions  <^  the  fresh  and  the  old  salt  showed  good  agreement. 

*  See  footnote  i.  Table  III. 
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Tabls 


X.— CoNDucnvnv 

OF    NH4OCHO    "CoSXSCTSD"    for    V18COSITV    AT 

Na 

«.» 

A. 

f.« 

^,. 

100/Xf. 

o 

. . . 

,  ,  . 

0.162 

•   .  .  . 

13 

0.06821 

O.OIOOO 

0.01688 

0.004774 

1.429 

z 

0.09293 

0.00965 

O.OI7IO 

0.006475 

1.435 

2 

0.1070 

0.00919 

O.OI7I8 

0.007410 

1.444 

6 

0.1914 

0.00896 

0. 01 791 

0.01309 

1.462^ 

I 

O.2711 

0.00855 

0.01852 

0.01840 

1.47^ 

12 

0.3207 

0.01888 

0.02162 

1.483 

10 

0.3220 

0.00833 

0.01888 

0.02165 

1.487 

5 

0.3822 

0.00826 

0.0x935 

0.02573 

[I.486K 

II 

0.4236 

0.00834 

0.01973 

0.02845 

x.4«9 

4 

0.4643 

0.00838 

0.02009 

0.03124 

1.486 

3 

0.5351 

0.00850 

0.02075 

0. 03618 

1.479 

8* 

0.6081 

0.00859 

0.02143 

0.04120 

1.476 

7* 

0.6575 

0.00866 

0.02189 

0.04464 

1.473 

25' 


The  curve  corresponding  to  the  data  m  Table  X  is  found  in  Fig.  4  and 
is  labeled  NHt^  It  is  very  similar  to  the  corresponding  curves  for  sodiunt 
and  potassium  formates.  The  portion  corresponding  to  the  concentrated 
solutions  does  not  lie  quite  on  a  straight  line  parallel  to  the  axis  of  specific 
conductivities,  but  shows  a  slight  maximum.  The  deviation  from  a 
straight  line  is  about  1%,  but,  since  the  maximum  is  quite  regular,  it  may 
not  be  due  to  experimental  error.  If  the  data  are  correct,  they  would 
mean  that  the  degree  of  ionization  has  a  minimum  at  about  0.4  molar. 
A  similar  trend  has  been  pointed  out  in  the  data  for  the  other  salts. 
Phenyl  Ammonium  Formate. 

The  work  was  carried  out  exactly  as  for  the  other  salts,  except  that 
aniline  was  used  to  make  up  the  solutions  instead  of  the  salt  itself.  The 
accuracy  of  the  work  was  somewhat  interfered  with  by  the  fact  that  the 
solutions  are  not  stable,  probably  because  of  anilide  formation.  By 
working  rapidly,  however,  good  results  could  be  obtained,  excepting  that 
occasionally  a  reading  was  taken  before  temperature  equilibrium  was 
established.  Usually,  however,  the  change  due  to  temperature  adjust- 
ment could  be  distinguished  from  the  other,  slower  change  in  the  solu- 
tions. It  took  some  experience  before  this  was  learned  and  for  this  reason 
the  data  found  in  the  table  are  from  the  later  experiments,  as  can  be  seen 
from  the  numbers.  Because  of  this  tendency  of  the  solutions  to  undergo 
change,  dilute  solutions  were  not  studied  as  a  dilution  series  takes  several 
hours  at  the  best.    In  aU  other  respects  the  experiments  and  the  results 

^  The  calculations  for  those  concentrations  at  which  the  deviation  due  to  the  con- 
ductivity of  the  solvent  are  noticeable*  have  not  been  included  in  the  table. 

*  See  footnote,  Table  III. 

•  Concerning  this  point  see  footnote  3  on  p.  1610. 

^  These  points  are  not  plotted  on  the  curve,  as  they  lie  beyond  the  field  covered 
by  the  plot,  but  the  curve  is  drawn  so  that  it  would  include  these  points  if  it  were  ex- 
tended. 
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are  entirely  analogous  to  the  ones  for  the  sodium  and  potasshim  salts. 
They  require  therefore,  no  further  discussion.  The  data  are  found  in 
Tables  XI,  XII  and  XIII,  which  correspond  to  analogous  tables  in  the 
preceding  and  the  curves  are  drawn  in  Fig.  4.  The  one  labeled  A  is  for 
the  conductivity  data  without  correction  for  the  conductivity  of  the  solvent 
and  the  one  labeled  A'  v&  lot  the  conductivity  corrected  for  viscosity. 

Tabls  XI. — CoNDUcnvmr  ot  Phbnyi,  Ammonium  Pormatb  at  25*. 


No. 

c. 

X. 

x«. 

100/X. 

looAtf. 

a. 

«a. 

K, 

Xfl. 

0 

0 

1.514 

1.545 

.... 

8 

0.04866 

0.003022 

0.002960 

X.6I0 

1.644 

0.940 

0.940 

0.719 

0.714 

28 

0.06238 

0.003828 

0.003764 

I .6295 

1.657 

0.929 

0.932 

0.742 

0.802 

39 

0.08758 

0.005231 

0.005166 

1.674 

1.695 

0.904 

O.91Z 

0.748 

0.822 

30 

0.1466 

0.008295 

0.008231 

1.768 

1.782 

0.856 

0.867 

0.748 

0.829 

22 

0.1845 

0.01006 

0.009995 

1.834 

1.846 

0.825 

0.837 

0.720 

0.792 

42 

0.3105 

O.X>ZX30 

O.OII24 

1.863 

1.874 

0.813 

0.824 

0.742 

0.815 

31 

0.2395 

0.0x260 

0.01253 

I. 9015 

1. 911 

0.796 

0.808 

0.745 

0.817 

36 

0.2740 

0.01404. 

0.01400 

I. 9515 

1.960 

0.776 

O.78S 

0.7* 

0.804 

20 

0.3174 

0.01582 

0.01575 

2.007 

2.0x5 

0.754 

0.767 

0.736 

0.800 

25 

0.3494 

0.01700 

0.01694 

2.055 

2.063 

0.737 

0.740 

0.721 

0.780 

31 

0.3894 

0.01865 

0.01859 

2.088 

a. 095 

0.725 

0.737 

0.744 

0.806 

34 

0.4391 

0.02026 

0.02026 

2.167 

2.174 

0.699 

O.711 

[0.711] 

to.767] 

Tabu(  XII. — DSNsiTT  AND  ViscosiTy  OP  Phbnyl  Ammonhtm  Formats  Soi«imoN8 

AT  25*. 

1. 0410  1. 2133  0.02668 

0.6276  I .2143  0.02231 

0.4070  Z.2I48  0.02000 

0.33x6  X.2I47  0.01943 

0.1587  1.2146  0.0x775 

0.08122  1. 2140  0.0x704 

o  I. 2142  0.0162 

TaAus  XIII. — Conductivities  op  Prbnyl  Ammonixtm  Formate  at  25  ^  "CoRnscrsD" 


POR  Viscosity. 

No. 

c 

f.« 

Xf. 

lOOA^ 

8 

0.04866 

0.01673 

0.003121 

1.559 

38 

0.06238 

0.01689 

0.003991 

1.563 

29 

0.08758 

0.01712 

0.005528 

1.584 

30 

0.1466 

0.01764 

0.009033 

1.623 

23 

0.1845 

0.01797 

0.0116 

1.653 

24 

0.2105 

0.0x832 

0.01272 

1.655 

31 

0.2395 

0.01850 

0.01438 

1.665 

36 

0.2740 

0.01890 

0.0x638 

X.672 

20 

0.3174 

0.01932 

0.01886 

1.683 

25 

0.3494 

0.01958 

0.02055 

X.700 

31 

0.3894 

0.01988 

0.02289 

1.702 

^  See  footnote  x»  Table  III. 
^  See  footnote  to  Table  III. 
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The  latter  is  not  a  straight  line,  and  shows  no  portion  parallel  to  the  axis 
of  specific  conductivity,  probably  because  the  work  was  not  extended  into 
sufGidently  concentrated  solutions.  Deviation  in  the  higher  concentra- 
tions begins  between  0.3  and  0.4  molar.  The  actual  point  of  deviation 
is  not  definitely  settled,  because  it  is  quite  difficult  to  be  sure  that  apparent 
deviation  is  not  due  to  the  changes  occurring  in  the  solutions,  as  was  men- 
tioned above.  Judging  from  the  curve,  the  most  probable  point  is  at 
about  0.3  molar. 

Hydrogen  Chloride. 

Zanninovich-Tessarin^  concluded  from  his  measiu-ements  of  the  con- 
ductivity of  solutions  of  hydrogen  chloride  in  formic  add  that  there  was 
practically  no  ionization,  and  from  his  measurements  of  the  depression 
of  the  freezing  point  of  formic  add  by  hydrogen  chloride  that  the  latter 
was  assodated  in  this  solvent.  As  has  already  been  pointed,  out  by  Schles- 
inger  and  Calvert,^  if  these  condusions  are  correct,  salts  such  as  ammo- 
nium chloride  should  be  practically  completely  decomposed  in  formic  add 
solution  into  a  formate  and  hydrogen  chloride  and  the  conductivity  of 
the  salt  should,  therefore,  be  practically  the  same  as  that  of  the  correspond- 
ing formate.  The  work  of  Schlesinger  and  Calvert  showed  that  the  con- 
ductivity of  ammonium  chloride  was  entirely  di£ferent  from  that  of  am- 
monium formate.  For  this  reason,  it  seemed  necessary  to  repeat  the  work 
of  Zanninovich-Tessarin.  On  account  of  certain  difficulties,  which  would 
have  required  the  construction  of  a  new  conductivity  cell  to  obtain  re- 
sults of  the  degree  of  accuracy  reached  in  the  measurements  on  the  form- 
ates, results  acciurate  to  only  about  one  to  2%  were  sought.  This  degree  of 
accuracy  was  suffident  to  dedde  the  question  of  the  hydrolysis  of  salts, 
as  well  as  to  give  a  fairly  definite  idea  of  the  behavior  of  hydrogen  chloride 
•in  the  solvent. 

The  measurements  were  made  in  cell  No.  2,  the  solutions  being  made 
from  one  another  by  the  dilution  method.  The  original  solution  was 
prepared  by  passing  carefully  dried  hydrogen  chloride  gas  through  formic 
add  contained  in  the  conductivity  cell.  The  tmdissolved  gas  was  displaced 
by  a  current  of  dry  air.  Since  the  volume  of  the  resulting  solution  was 
not  the  same  as  that  of  the  original  formic  add,  both  because  of  loss  of 
add  by  volatilization  and  because  of  the  change  in  volume  resulting  from 
the  dissolution  of  the  gas,  the  concentrations  could  not  be  calculated  in 
the  ordinary  way.  Consequently,  the  portion  of  solution  withdrawn  from 
the  cell  in  order  to  make  the  dilution  was  analyzed  eadi  time  by  predpita- 
tion  of  the  chlorine  as  silver  chloride.  Two  difficulties  stood  in  the  way  of 
attaining  great  accuracy  in  the  type  of  cell  used  for  our  other  work.  In  the 
first  place,  the  more  concentrated  solutions  seem  to  lose  hydrogen  chlo- 

»  Z.  physik,  Chem.,  ig,  251  (1896). 
*  Loc.  cU, 
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ride  rapidly  and  the  mcasurenients  are,  therefore,  made  under  great  dis- 
advantages. The  more  dilute  solutioti3  have  a  conductivity  which  is  not 
sufficiently  greater  than  that  of  the  pmre  solvent  to  give  very  trustworthy 
results.  Furthermore,  the  amount  of  silver  chloride  precipitated  from 
10  cc.  of  the  dilute  solutions  is  too  little  to  allow  of  an  analytical  accuracy 
of  more  than  1%,  or  less,  without  the  use  of  the  nephelometer.  However, 
no  attempt  was  made  to  refine  the  analytical  method  because  of  the  other 
difficulties  mentioned.  The  results  obtained,  which  are  given  in  Table 
XIV,  show  that  the  data  of  Zanninovich-Tessaxin  are  incorrect  and  that 

Tabls  Xrv. — Conductivity  oi*  HCl  in  'Formic  Acid  at  25*. 

Ho.ct 


c. 

X- 

X. 

a. 

K. 

0 

0 

80.0 

2 

0.0080 

0.000566 

70.0 

0.88 

I0.0520I 

3 

O.OIII 

0.000768 

69.2 

0.86 

[0.0449I 

2 

0.0150 

0.000936 

62.3 

0.78 

0,0415 

I 

0.0152 

0.000931 

61.4 

0.77 

0.0388 

3 

0.0195 

O.00II5 

58.9 

0.74 

0.0407 

2 

0.0276 

0.00I4S 

53.7 

0.67 

0.0376 

3 

0.0328 

0.00170 

51.8 

0.65 

0.0392 

2 

0.0518 

0.00234 

45.2 

0.57 

0.0385 

3 

0.0570 

0.00255 

44-7 

0.56 

0.0404 

2 

0.0951 

0.00355 

37.4 

0.47 

0.0392 

3 

O.IOI 

0.00377 

37.4 

0.47 

0.0415 

I 

0.137 

0.00454 

33.1 

0.41 

0.0398 

2 

0.174 

0.00528 

30.0 

0.38 

0.0405 

I 

0.281 

0.00732 

26.0 

0.32 

[0.0438] 

2 

0.317 

0.00801 

25.3 

0.32 

[0.466] 

formic  acid  solutions  of  hydrogen  chloride  are  good  conductors.  The 
reason  for  this  divergence  between  our  results  and  those  of  the  former 
investigator  doubtless  lies  in  the  fact  that  the  add  used  by  him  as  solvent 
was  very  impure,  as  judged  from  its  high  initial  conductivity.  In  the  table 
are  given  the  results  of  three  series  of  meastu'ements  made  as  described. 
The  first  column  gives  the  number  of  the  series  from  which  the  data  are 
taken;  the  second  the  concentrations;  the  third  the  specific  conductivity 
uncorrected*  for  the  conductivity  of  the  solvent;  the  fourth,  the  equiva- 

^  The  uncorrected  value  is  used,  since  the  hydrogen  ion  would  tend  to 
repress  the  ionization  of  the  solvent.  A  curve  drawn  for  the  corrected  con- 
ductivities was  exactly  of  the  same  character  as  the  one  shown.  The  extrapo- 
lated value  of  X«  from  this  curve  is  about  69.  Two  sUght  differences  from 
the  data  for  the  formates  are  to  be  noted.  In  the  first  place,  the  correction  for 
the  conductivity  of  the  solvent  has  a  greater  effect  on  the  constants  and  on  the 
value  of  \o  than  it  has  in  the  case  of  the  salts.  This  is  due  to  the  much  smaller  con- 
ductivity of  the  hydrogen  chloride  solutions.  In  the  second  place,  the  deviation  in 
the  dilute  solutions  observed  in  the  case  of  the  formates  is  not  so  noticeable  here.  There 
ue  probably  two  reasons  for  this.  In  the  first  place,  the  data  are  not  so  accurate  for 
hydrogen  chloride  solutions  and  the  plot  is  drawn*  to  a  smaller  scale,  so  that  small 
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lent  conductivity  in  the  usual  units,  and  the  fifth  the  degree  of  ionization, 
a.  lliis  latter  value  was  obtained  by  fitting  100/ X  against  the  s})ecific 
condtfctivity  and  extending  the  straight  Une  portion  of  the  resulting  curve  to 
to  the  axis  of  ordinate  as  has  already  beeti  described.  This,  of  course, 
gives  an  extrapolated  value  for  Xo,  namely,  about  80.  The  plot  obtained 
was  practically  a  straight  line  between  the  concentrations  0.174-0.015. 
The  points  deviate  from  the  line  irregularly  by  the  amount  to  be  expected 
from  the  probable  error  pf  measurement^-'-at  most  by  3%.  Both  above 
and  below  these  concentrations  the  curve  seems  to  depart  from  the  straight 
line  but  it  is  very  probable  that  this  is  due  to  experimental  error — due 
in  the  concentrated  solutions  to  loss  of  hydrogen  chloride  by  volatilization 
in  the  course  of  the  transfer  of  the  solution  from  the  cell  to  the  water  in 
which  it  was  analyzed,  and  in  the  dilute  solutions  to  the  insufficient 
amotmt  of  silver  chloride  available  for  the  analysis.  The  deviation  in 
the  dilute  solutions  begins  at  exceedingly  low  concentrations  and  is,  in 
this  respect,  not  like  the  deviation  observed  in  the  case  of  the  formates 


deviations  are  not  so  notioeable.  In  the  second  place,  the  hydrogen  ion  in  these  solu- 
tions must  suppress  not  only  the  ionization  of  the  formic  acid  but  that  of  the  water 
as  well,  which  is  probably  present  as  impurity.  (See  p.  1599.)  Hence  there  is  no  reason 
to  suppose  that  the  curves  should  show  the  type  of  deviation  found  in  the  case  of  the 
formates  since  this  deviation  was  shown  in  part  to  be  due  to  the  conductivity  of  the 
water  which  is  not  affected  by  the  ions  of  tiiese  salts.  Since  it  is  probably  repressed 
by  the  ions  of  the  hydrogen  chloride,  we  believe  that  here  the  data  uncorrected  for  the 
conductivity  of  the  solvent  are  the  ones  to  use. 


Digitized  by 


Google 


STUDIES  XN  coNDUcnvrry.    n.'  1617 

as  explained  in  footnote  i,  page  1615.  The  curve  is  shown  in  Pig.  5.' 
The  agreement  of  the  curve  with  a  straight  line  is  again  evidence  that 
this  solute,  in  formic  acid  Solution,  obeys  the  law  of  mass  action.  The 
constants  obtained  according  to  this  law  are  given  in  the  Istst  column 
of  the  table.  They  were  calculated  directly  from  the  conductivities 
and  not  from  the  data  for  a,  which,  as  given  in  the  table,  are  rounded  in 
the  se€x>nd  decimal  place.  It  will  be  noted  that  the  constants  are  fairly 
good,  except  for  the  high  and  low  concentrations  where  the  errors  of 
measurement  were  large. 

It  is  interesting  to  note  that  in  formic  add  solutions  hydrogen  chloride 
is  very  mudi  less  dissociated  than  are  the  formates,  the  results  for  which 
arc  given  in  the  preceding  sections.  Thus  the  ionization  constant  for 
ammonium  formate  is  1.15  and  for  hydrogen  chloride  only  0.040.  This 
is  in  agreement  with  Walden's  assumption'  that  acidic  substances  are 
not  as  highly  ionized  in  acid  solvents  as  are  basic  substances.  It  is  also 
very  interesting  to  note  that  the  conductivity  of  hydrogen  chloride  in 
this  solvent  at  infinite  dilution  seems  to  be  only  about  80,  which  is  of  the 
same  order  of  magnitude  as  that  of  the  formates  investigated.  Hydrogen 
ion  cannot,  therefore,  occupy  the  exceptional  position  in  this  vsolvent 
which  it  holds  in  aqueous  solutions.' 

Since  our  results  on  the  conductivities  of  these  solutions  differ  so  widely 
from  those  of  Zanninovich-Tessarin,  it  was  natural  to  question  his  results 
on  the  freezing-point  depression.  As  such  measurements  were  consider- 
ably outside  of  the  scope  of  this  pax^er,  only  a  few  determinations  were 
made.  They  were  carried  out  in  an  ordinary  Beckmann  freezii^-point 
apparatus,  modified  so  as  to  allow  the  making  of  dilutions  in  it  without 
exposing  its  contents  to  moisture,  as  well  as  to  allow  of  the  withdrawal 
of  the  solution  in  equilibrium  with  the  solid  solvent  for  analysis  at  the  time 
the  temperature  reading  was  made.  As  the  Beckmann  apparatus  is 
liable  to  many  errors  the  results  will  be  stated  only  briefly.  Between 
the  concentrations  0.026  and  0.361  the  molecular  lowering  changed  pro- 
gressively from  42  to  29.  While  no  great  accuracy  is  claimed  for  these 
values,  they  at  least  show  qualitative  agreement  with  the  results  of  the 
conductivity  measurements  and  show  that  those  of  Zanninovich-Tessarin 
are  incorrect  here  also.  Not  only  the  nature  of  the  change  of  the  molecular 
freezing-point  depression  with  change  in  concentration,  but  the  value 

>  In  order  to  make  comparison  with  the  other  curves  poestble,  a  port  of  this  one  is 
also  shown  in  Pig.  4.     It  is  labeled  "HCl." 

'  Trans.  Far,  Soc.,  6,  71  (1910). 

*  It  is  evident,  therefore,  that  the  exceptionally  large  migration  velocity  of  hydrogen 
ion  in  aqueous  solutions  cannot  be  related  essentially  to  the  fact  that  hydrogen  ion  is  a 
product  of  the  ionization  of  water,  since  it  is  also  a  product  of  the  dissociation  of  formic 
add.  See  also  Kraus»  loc.  cit.»  and  Hantzsch  and  Caldwell,  Z,  physik,  Chem.,  58,  578 
(1907). 
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27.7  obtained  for  the  molecular  freezing-point  depression  constant  for 
this  solvent  by  Raoult  both  indicate  ionization  and  not  association. 
Tessarin's  value  of  about  13  must  certainly  be  in  error  because  of  the  im- 
purity of  his  formic  add,  which  melted  at  7.0^  whereas  the  pure  add 
melts  at  about  8.4^. 

Summary. 

(i)  The  highly  ionized  solutions  of  sodium,  phenyl  ammonium,  potas- 
sium and  acomonium  formates  in  (anhydrous)  formic  add  obey  the  law 
of  mass  action  up  to  concentrations  of  from  0.3  to  0.6  molar,  if  the  degree 
of  ionization  is  calculated  from  the  conductivities^  to  which  no  correction 
for  the  viscosity  of  the  solutions  is  applied.  The  ionization  constants 
of  the  salts  in  the  order  in  which  they  axe  named  have  the  values:  0.816, 
0.814,  1.02  and  1.23.  The  same  thing  is  true  of  solutions  of  hydrogen 
chloride,  the  ionization  constant  of  which  is  only  0.04.^  Above  the 
concentrations  mentioned,  the  formates  show  deviation  from  the  mass 
law  in  the  sense  that  the  degree  of  ionization  is  less  than  it  should  be.  This 
is  the  kind  of  deviation  which  is  to  be  ex:pected  from  the  kinetic  theory, 
if  its  cause  lies  in  the  reduction  of  the  free  space  by  the  volume  occupied 
by  the  solute  itself.  In  this  connection  it  is  interesting  to  note  that  the 
data  for  sodium  formate,  up  to  the  highest  concentrations  measured, 
show  fair  agreement  with  the  equation 

^^ K 

(i  — a)  (i— »«(:«) 

which  is  derived  on  the  assumption  that  the  deviation  in  the  concentrated 
solutions  is  due  to  the  cause  suggested  above.  It  is,  however,  not  con- 
sidered finally  established  that  this  agreement  is  reliable  evidence  of  the 
correctness  of  Ihe  assumption.'  There  seems  also  to  be  a  connection  be- 
tween the  value  of  the  highest  concentration  at  whidi  the  law  of  diemical 
equilibritun  holds  and  the  value  of  the  ionization  constant.  Thus  am- 
monium formate,  with  a  constant*  of  1.23,  begins  to  deviate  above  0.55 
molar;  potassium  formate,  whose  constant  is  1.02,  above  0.45  molar, 
and  sodium  and  phenyl  ammonium  formates,  whose  constants  are  re- 
spectively, 0.816  and  0.814,  both  begin  to  deviate  from  the  law  at  about 
0.3  molar.  It  seems,  therefore,  that  the  greater  the  value  of  the  ioniza- 
tion constant,  the  higher  the  point  at  whidi  deviation  begins.  Of  course, 
four  cases  is  not  a  suffidently  large  number  to  establish  definitely  a  point 

^  For  a  discussion  of  the  conductivity  of  the  pure  solvent  and  its  e£Fect  on  the  con- 
ductivity of  the  solutions  see  p.  1598. 

*  The  limiting  concentration  for  hydrogen  chloride  has  not  been  determined. 

>  It  was  also  assumed  in  deriving  the  equation  that  the  volume  of  the  tons  b  smaller 
than  that  of  the  undissociated  molecules.  For  the  complete  discussion  of  this  and  other 
similar  equations  and  of  the  data  see  p.  1599. 

^  These  are  the  constants  from  the  data  uncorrected  for  the  conductivity  of  the 
solvent. 
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of  this  scwt.  This  regularity  is  pointed  out,  nevertheless,  because,  in  view 
of  the  probable  explanation  offered  above  for  the  cause  of  this  deviation, 
a  regularity  of  this  sort  might  prove  of  considerable  theoretical  interest. 
It  is  evident  that  it  would  lead  to  the  conclusion  that  there  is  a  relation- 
ship between  the  degree  of  ionization  and  the  volume  of  the  unionized 
molecule.' 

(2)  When  the  conductivities  of  the  solutions  are  corrected  in  any  of 
the  usual  ways  for  the  viscosity  of  the  solutions,  and  the  degrees  of  ioniza- 
tion calculated  from  these  corrected  conductivities,  the  agreement  with 
the  mass  law  disappears.  From  the  fact  that  the  agreement  of  the  im- 
corrected  data  in  the  more  dilute  solutions  is  so  good  and  uniform  in  all 
of  the  cases  investigated,  and  because  there  are  possible  explanations  for 
the  absence  of  viscosity  effect,  we  conclude  that  the  uncorrected  con- 
ductivities are  the  ones  to  be  used  in  these  solutions  for  the  calculation 
of  the  degree  of  ionization.  This  point  has  already  been  discussed  in  de- 
tail in  the  section  in  which  the  data  for  sodium  formate  are  presented 
(p.  1604,  ^  seq.).  In  this  connection  Table  XV  is  of  interest.  It  gives  in 
Column  I  the  name  of  the  substance  studied,  in  Column  2  the  conductivity 
of  its  solution  in  water  at  infinite  dilution,  in  Column  3  the  observed  con- 
ductivity at  infinite  dilution  when  formic  acid  is  the  solvent,  and  in  Column 
4  the  conductivities  of  these  same  substances  at  infinite  dilution  in  formic 
acid,  calculated  on  the  asstunption  that  this  conductivity  is  inversely 
proportional  to  the  viscosities  of  the  two  solvents. 

Tabls  XV. 

Xe  in  HfO  X«  in  HCOOH  Xo  in  HCOOH 

SnlMUmce.  at  25^*  at  25^1  calc. 

NH4OCHO 127.9  70.4  71. 1 

KOCHO 12S.4  69.4  71.3 

NaOCHO 104.9  66.0  58.5 

CJiiNH^CHO 85.0  <^.4  47.0 

HCl 4240  75.0  236.0 

1  This  is  pointed  out  merely  as  a  possibility  which  must  await  further  evidence 
for  definite  proof.  It  is,  however,  in  line  with  some  of  the  more  recent  views  on  the 
nature  of  the  process  of  dissociation.  See  Perrin,  Les  Atames,  igia,  228-23 1 ;  Szyszkow- 
ski,  Compt.  rend.,  157,  761. 

*  Except  for  phenyl  ammonium  formate,  these  values  are  calculated  from  the 
migration  velocities  found  in  Landolt-Bdmstein,  Roth,  Physikalich-Chemische  TabeUen, 
i^i't  1 124.  The  value  for  phenyl  ammonium  formate  is  obtained  from  Bredig's  value 
for  aniline  hydrochloride  (Z.  phy$.  Chem.,  23,  216  (1899)},  and  is,  of  course,  quite  un- 
certain. The  value  for  formate  ion  is  also  not  exactly  known,  but  would  affect  all 
results  equally.  The  rounded  values  0.009  and  0.0162  were  used  for  the  viscosities  of 
water  and  formic  add,  respectively. 

'  The  Xo  values  here  used  are  the  averages  of  those  obtained  by  neglecting  the  con- 
<inctivity  of  the  solvent  and  those  obtained  when  the  correction  is  made.  As  explained 
^  P*  161 5,  footnote  I,  the  difference  in  the  two  Xo  values  is  large  only  in  the  case  of  hy- 
^ivogen  chloride.     In  the  other  cases  it  is  only  about  i  %. 
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It  is  quite  dear  that  the  calculated  values  do  not  agree  at  all  with  those 
found  except  in  the  case  of  potassium  and  ammonium  formate.  This 
fair  agreement  in  two  cases  makes  the  diss^greement  in  the  others  more 
striking.  If  none  of  the  values  showed  agreement,  the  disagreement  might 
be  explained  for  the  formates  by  the  lack  of  an  accurate  value  for  the 
migration  velocity  for  formate  ion  in  aqueous  solution  and  in  the  case  of 
hydrogen  chloride  by  the  probable  inaccuracy  of  our  value  for  the  formic 
add  solution  (although  the  inaccuracy  could  not  be  nearly  large  enough 
to  account  for  the  enormous  discrepancy  in  this  particular  case).^  Or 
the  disagreement  might  be  explained  by  sa3ring  that  the  simple  viscosity 
relationship  assumed  is  not  correct  in  any  case.  But  since  the  rdation- 
ship  gives,  in  some  cases,  values  which  agree  and  in  others  values  which 
disagree  with  the  experimental  ones,  it  is  dearly  shown  that  the  differ- 
ence in  viscosity  of  the  solvents  does  not  affect  all  ions  alike.*  It  is, 
therefore,  not  permissible  to  set  up  a  general  equation  expressing  a  re- 
lationship between  the  conductivities  at  infinite  dilution  in  various  solvents 
and  the  viscosities  alone.'  In  formic  add,  for  instance,  the  mobilities 
of  the  ions  do  not  seem  to  differ  from  each  other  as  much  as  they  do  in 
aqueous  solutions.^ 

This  T7ork  is  being  continued  in  this  laboratory  along  the  lines  indicated 
in  the  body  of  the  paper.  In  addition  to  the  points  already  mentioned 
it  may  be  stated  that  we  are  repeating  some  of  the  measurements  at  differ- 
ent temperatures  from  those  at  which  the  data  herein  reported  were  ob- 
tained, and  that  we  are  also  studying  formates  of  t3rpes  higher  than  the 
uni-tmivalent  ones. 
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THE  HEAT  OF  VAPORIZATION  OF  NORMAL  LIQUIDS. 

By  Jamss  Kskdall. 
Received  May  25.  1914. 

The  theoretical  study  of  the  heat  of  vaporization  of  liquid&~a  branch 
of  physical,  chemistry  long  neglected — ^has  recently  attracted  a  great 
deal  of  investigation.  The  subject  is  of  interest  from  its  connection  ^itli 
the  equation  of  van  der  Waals  and  the  problem  of  molecular  attraction. 
A  number  of  formulas  for  representing  variation  of  heat  of  vaporizatioo 
with  temperature  have  lately  been  put  forward;  some  of  these  daim  a 
theoretical  basis,  some  are  admittedly  empirical.    During  the  past  year, 

^  The  <lata  for  HCl  are  discussed  on  p.  1616. 

'  This  may  be  due  to  differences  in  the  solvation  of  the  various  ions  in  the  two 
solvents. 

•  See  Walden,  Z.  physik.  Chem.,  55,  207  (1906)  for  references. 

*  See  Kraus,  he,  cit. 
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in  particular,  the  rate  of  appearaoce  of  new  formulas  has  increased  to 
the  proportions  of  an  epidemic. 

It  has  seemed  of  importance,  therefore,  to  the  author,  in  view  of  pre- 
vious work  upoa  the  subject,  to  make  a  critical  examinationof  the  various 
equations  that  have  been*  proposed.  Thehr  relative  theoretical  merits 
— a  field  already  fhiitftd  in  polemics — are  not  touched  upon  at  all  in  this 
paper.  The  sole  point  of  investigation  is  agreement  with  the  experi- 
mental data.  In  the  present  inqperfect  state  of  our  knowledge  of  this 
subject,  where  even  first  i^inciples  are  hotly  disputed,  it  appears  reason- 
able to  apply  to  all  equations  the  one  practical  test,  free  from  any  possible 
bias — ^the  test  of  accuracy. 

It  is  true  that  we  possess  no  direct  determinations  of  heats  of  vaporiza- 
tion for  any  normal  liquid,  throughout  an  extended  temperature  range, 
sufficiently  trustworthy  to  be  of  value  for  the  above  purpose.  However, 
the  thermodynamical  equation  of  Clausius  and  Clapeyron  (see  Equation 
I  below)  affords  a  method  of  obtaining  the  heat  of  vaporization  indirectly 
by  the  measurement  of  other  quantities.  These  quantities  are  all  accu- 
rately determined  for  a  large  number  of  liquids  and  through  a  wide  range 
of  temperature  in  the  extensive  researches  of  Young  and  his  collaborators. 

The  results  of  Young  have  recently  been  revised  and  published  in  col- 
lected form.*  The  necessary  data  are  now  available  for  thirty  pure 
liquids,  of  which  twenty-six  are  normal  or  non-assodated. 

It  is  impossible,  from  space  considerations,  to  examine  all  of  those  in 
the  present  pap)er;  consequently,  a  few  typical  cases  have  been  selected. 
The  agreement  of  the  various  formtilas  with  the  experimental  results 
for  octane,  methyl,  but3rrate,  carbon  tetrachloride  and  fluorobenzene  is 
tested  in  the  tables  given  below. 

The  above  liquids  were  chosen,  without  previous  knowledge  as  to  the 
nature  of  the  results  they  would  supply,  for  the  following  reasons.  It 
is  important,  in  testing  any  function  which  varies  with  temperature,  to 
be  abk  to  constder  as  large  a  temperature*  range  as  possiUe.  Hence 
octane  was  selected  from  the  ten  hydrocarbons  investigated  by  Young, 
since  it  possesses  the  highest  critical  temperature.  (The  lowest  tempera- 
ture for  which  data  are  avoikible  is  o^  in  all  cases.)  Methyl  butyrate 
was  chosen  as  the  typical  example  of  the  ten  esters  studied,  for  the  same 
reason.  The  remaining  liquids — carbon  tetradiloride  and  fluorobenzene — 
are  among  those  regarded  by  investigators  as  ''characteristically"  normal 
liquids;^  both  have,  also,  high  critical  temperatures.*  That  the  data 
selected  are  really  representative  may  be  confirmed  by  a  study  of  the  col- 
lected tables.* 

*  Young,  Proc  Roy.  Sac.  DMin,  I3,  374  (x9io). 

*  Applebey  and  Chapman,  /.  Chem,  Soc.,  lOSi  742  (1914). 

*  Mills,  Tms  JouRNAi,,  SI,  1099  (1909). 
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The  equations  examined  are  developed  briefly  below:    The  f crowing 
notation  is  employed. 

r--absolute  temperature  J(*-coiistant  of    gas    equation,    PV  »  RT, 

I — ^temperature  centigrade  ei|ual,  under  tlie  units  employ«d,  to  63340/if 
K— volume  of  one  giam  of  satumted     .   rc^-Giitical  temperature 

vapor.  V — ^volume  of  one  gram  of  liquid 

d — density  of  liquid  dc — critical  density 

D — density  of  saturated  vapor  P — ^vapor  pressure  in  mm.  of  mercury 

Pc — critical  pressure  L — ^total  heat  of  vaporization^  of  one  gram 

lf~~molecular  weight  of  Hqukl,  expressed  in  calorieB 

With  this  notation,   the  thermodynamical  equation  is  expressed   as 
follows: 

L  =  0.0431833  {dP/dT)T.  {V  -  v)  (i) 

(The  numerical  factor  is  the  reciprocal  of  the  value  of  the  mechanical 
equivalent  of  heat  tmder  the  units  stated.)  The  heat  of  vaporization 
at  any  tempen^ture  is  thus  obtained  in  terms  of  T,  V,  v  and  dP/dT,  and 
the  degree  of  accuracy  of  the  calculated  value  will  depend  upon  the  limits 
of  experimental  error  in  the  determination  of  these  quantities,  and  upon 
the  relative  effect  of  such  errors  in  the  calculation  of  the  equation.  These 
points  have  been  carefully  examined  by  Mills.  ^  The  conclusion  drawn 
is  that,  except  at  zero  centigrade  and  in  the  neighborhood  of  the  critical 
temperature,  the  calculated  values  for  the  heat  of  vaporization  are  sub- 
stantially true.  At  o^  C.  the  values  derived  are  usually  too  high;  near 
Tc  the  difficulty  in  the  exact  determination  of  dP/dT  renders  the  results 
somewhat  uncertain.  The  above  equation  may,  therefore^  be  safely 
employed  as  a  basis  for  comparison  throughout  the  greater  part  of  the 
experimental  range,  small  divergences  at  o^  C.  and  near  T^  being  dis- 
regarded. 

A  simple  formula  develcqjed  by  Mills:' 

L  =  0.0^1633  PiV  —  v)  +  M'(*Vd  —  HD)       .         (2) 
(m'  is  a  constant  varying  with  the  liquid  under  consideration)  has  been 
thoroughly  tested  by  him,  and  found  to  be  in  excellent  agreement  through- 
out with  the  thermodynamical  equation  for  all  normal  liquids.    For  its 
theoretical  significance  reference  must  be  made  to  the  original  papers. 

A  third  fonnula»  proposed  by  Dieterici:^ 

L  -  0.0431833  P{V-v)  —  4.577  c  (T/M)  log  (d/D)         (3) 
(c  is  a  constant  varying  with  the  liquid)  has  also  been  examined  by  Mills.' 
It  is  found  to  be' consistently  inacciuate  at  low  temperatures,  although 

*  Internal  -f  external,  at  constant  temperature  T. 
>  Mills,  Loc,  cU. 

■  Mills,  /.  Phys.  Chem.,  6,  209  (1902);  8,  3S3  and  593  (1904);  9,  402  (1905);  I0| 
I  (1906);  11,  132  and  594  (1907);  X3f  S«  (1909);  X5i  4i7  (i9m);  i8f  »oi  (1914)- 

*  Dieterici,  Ann.  Physik,  2S%  569  (1908). 
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the  agmement  at  higher  temperatures  is  remarkably  good.    A  similar 
equation  was  previously  suggested  by  Crompton.^ 

Kleemau^  has  deduced  mathematically,  from  assumptions  regarding 
molecular  attraction,  the  equation: 

L  =  0.0431833  P{V-v)  —  K(d*-  D*)  (4) 

(/C  is  a  constant  varying  with  the  liquid.)    The  same  equation  has  also 
been  put  forward  by  Batschinski.' 

The  present  author^  has  shown  that  the  fc^owing  simple  relation  holds: 

L  =  *(r.-D*  (5) 

{k  is  a  constant  varying  with  the  liquid,  n  is  for  all  normal  liquids  equal 
to  0.386.)     Later  investigation  showed  that  the  above  is  an  interpolation 
formula,  and  is  dependent  upon  the  two  equations: 
•Vd  — Wd,  =  ifei(r,— T)"/' 
»Vdc  —  'VZ?  =  h(T,  —  T)'^' 
which  were  demonstrated  to  hold  satisfactorily  for  normal  liquids.     By 
combining  these  equations  with  that  of  Mills  (Equation  2  above),  we 
obtain: 

K  =  0.0431833  P{V-v)  +  kyii'{T,  -  7)'/'  +  fe,M'(r,  -  n^'  (5a) 
This  is  the  more  correct  expanded  form  of  Equation  5  above.  The  first 
part  of  the  equation  represents  the  external  heat  of  vaporization,  which 
is  variable  in  magnitude,  but  at  most  temperatures  is  comparatively  small ; 
the  exponent  n  =  0.386  in  Equation  5  is,  consequently,  intermediate 
between  the  two  simple  values  (one-third  and  one-half)  in  Equation  5a. 
Por  associated  liquids  the  equation  still  holds  if  the  value  of  n  is  modified.* 
Tyrer*  has  recently  proposed  a  somewhat  similar  formula: 

L  =  0.0*31833  P(y-v)  +  C{T,  -  r)'/V(d*/'  +  D'^^         (6) 
C  is  a  constant  varying  with  the  liquid  under  examination. 
Applebey  and  Chapman^  have  deduced  the  relation: 
L  =  /?r log.(V-6)/(i;-6)  +  /?r*[i/(i;-6)  +  i7{V-b)]db/dT  (7) 

*  Crompton,  Proc,  Chem.  Soc.,  17,  61  (1901). 

*  RIeeman,  PhU.  Mag.,  [6]  ao,  665  (1910).  A  somewhat  different  formula  was  ad- 
fffiiced  in  a  previous  paper,  PhU,  Mag.,  [6]  19,  795  (1910). 

'  fiaticliiiiski,  Ann,  Physik,  14*  288  (1904)- 

*  KendaU,  Medda.frAn  K.  Vei^Akads.  NobelinstUui,  Band  a,  No.  29  (1912);  "The 
Properties  of  Liquids  as  Functions  of  the  Critical  Constants."  Since  this  paper  is  not 
generally  available,  the  significance  of  the  equation  is  briefly  indicated  above. 

•KtndaU.  Meiid.SHin  K.  VO-Akads.  NobelinstUiU,  Band  a,  No.  36  (1913);  "The 
Heat  of  Vaporization  of  Associated  Liquids." 

*  Tyrcr,  /.  Phys.  Chem.,  17,  717  (1913)- 

^  Applebey  and  Chapman,  /.  Chem.  Soc.,  X05,  734  (19 14).  The  equation,  in  the 
original  paper,  is  referred  to  molecular  volumes.  These  are  here  changed  to  V  and  v 
(volume  of  I  g.).  The  constant  6  in  7  is  consequently  the  usual  van  der  Waals'  con- 
stant divided  by  M  (mol.  wt.).    The  same  holds  for  equation  10. 
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in  which  b  (the  constant  of  van  der  Waals'  equation)  is  assunaied  to  vary 
linearly  with  the  teitnperature.  Methods  for  the  determination  of  be 
(the  value  of  6  at  the  critical  temperature)  and  db/dT  are  developed; 
when  these  quantities  are  known,  L  can  be  evaluated. 

Rodzewitz^  has  recently  put  forward  the  equation: 

L  =  0.0431833  K-nliPc  —  P)/P}.  (dP/dT)  (8) 

(K  is  a  constant  varying  with  the  liquid.) 

The  validity  of  this  equation  depends  on  that  of  the  relation: 
{V  —  v)^  KT{Pc  —  P)/P 
On  examination,  however,  it  is  found  that,  while  the  above  relation  is 
approximately  true  at  low  temperatures  (as  the  figures  given  by  Rodze- 
witz  show),  yet  it  fails  entirely  at  temperatures  approaching  the  critical 
point.  This  will  be  evident  from  the  following  tabulation  where  the 
results  for  octane  and  carbon  tetrachloride  are  shovm: 

280 

6.44 
5.52 

The  equation  can,  therefore,  be  employed  only  at  low  temperatures. 
The  same  is  true  of  the  general  equation  of  Arrhenius:' 

L  =  Ao  -  CP  (9) 

where  Ao  and  C  are  constants  dependent  on  the  liquid.  Similarly,  the 
formula  of  Bakker :' 

L  =  RT  lofo  (F  -  6)/(»  —  h)  (lo) 

although  directly  deduced  from  the  equation  of  van  der  Waals,  is  not  in 
agreement  with  the  results  of  experiment.  Finally,  there  may  be  mentioned 
the  equation  of  McLewis:^ 

L  =  (r/«)(d//5)  (II) 

(a  =  coefficient  of  expansion,  fi  ==  compressibiUty)  which  gives  approri- 
mate  agreement  with  the  experimental  values  for  the  few  cases  where 
data  for  normal  liquids  are  available. 

It  will  be  seen  that  most  of  the  above  equations  contain  a  constant  de- 
pendent upon  the  liquid  under  consideration.  It  is  usually  possible  to 
remove  this,  and  so  generalize  the  equation,  by  combination  with  the 
rule  of  Trouton  or  some  similar  law.    Thus  equation  5  becomes: 

ML  =  20.7  r,(i  -  T/T:^''  (56) 

a  relation  perfectly  general  for  all  normal  liquids.  Since,  however,  the 
rule  of  Trouton  is  only  approximately  correct,  such  equations  will  not 

>  Rodzewitz,  /.  Russ.  Phys.  Chem.  Soc.,  Phys.  4$,  355  (19 14). 

>  Arrheniu^,  Medddfrdn  K,  Vet.-Akads.  NobelinsUtut,  Band  a,  No.  8  (191 1). 

*  Bakker,  Z.  Physik.  Chem.,  z8,  5x9  (1895). 

*  McLewis.  PhU.  Mag.,  [6]  aa,  268  (191 1). 
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nsoaUy  reproduce  the  experimental  values  sufficiently  closely  to  be  of 
piactkal  utility. 

In  the  following  tables  only  those  equations  (2  to  7,  inclusive)  are  com- 
pared with  the  thermodynamical  Equation  i  which  are  applicable  through- 
oat  the  whole  of  the  available  experimental  range.  The  constants  em- 
ployed are  shown  in  TaUe  I;  values  not  tabulated  previotisly,  and  calcu- 
lated by  the  present  author,  are  indicated  by  a  star.  The  collected  re- 
sults are  given  in  Tables  II-V;  divergences  from  the  experimental  values 


Tabls  I. — Constants  of  Bquatu^s. 


/ 
c 

K 
h 

C 


(Mills) 

(Dieterid}.. 
(Kleeman).. 
(Kendall).. 

(Tyrcr) 

(Apptoey). 


A/<ft(Applebey). 


Octane. 
569.2 
93.16 

1.858 
176.2 

9.72 

134. 4* 
190.63 
0.1 1732 


Methyl 
butynte. 

554.25 
91.31 
1.824 

113. 3* 

10.47 

140.8* 

131.74 


Carbon 
tetrachloride. 

556.15 

44.01 

1.667 

19.74 

5.92 

133.0* 

107.54 


0.08459  0.06674 


Pluorobcnxene. 

559.55 
85  65 

I.7IX 
81.44 
10.04 

146.  O* 

105.85 
0.06472 


Tabus  II.— Octanb. 


L 

o 
120 
140 
160 
180 
200 
no 
240 
360 
380 

290 


Thcr. 
89.46 
71.43 
68.28 

64.75 
60.91 
56.61 
52.03 
45.97 
39  14 
28.26 
19. 10 


Mills. 

85.69 

71-83 

68.61 

65.06 

61.14 

56.72 

51.80 

45.72 

38.63 

28.17 

19.50 


Dieterid. 
97  63 
73.05 
69.36 
65  52 
61.40 
56.89 
51.83 
45.63 
38.46 
27.85 
19.12 


Hbats  op 

Kleeman. 
9569 
73.37 
69.36 
65.31 
60.90 
56.15 
50.98 
44.76 
35.75 
27.55 
19.20 


Vaporization. 


KendaU. 
87.49 
71.56 
68.28 
64.79 
60.93 
56. 64* 
51.81 
46.02 
38.85 
28.50 
»9  35 


Tyrer. 
89.83 
72.38 
68.83 
64.96 
60.85 
56.38 
51  39 
45.57 
38.61 
28.69 
20.34 


Applebey. 


73 


59 


42 

25 

17 


82 


57 


92 

96 

87 


Tablb  Ila.— Octanb.    D1V8ROBNCBS. 


I. 
o 

130 
140 
160 
180 
300 
230 
240 
260 
280 
290 


MilU. 

—3.77 
+0.40 
+0.33 
+0.31 
+0.23 

•fo.ii 

— 0.23 
—0.25 
—0.51 
•—0.09 
+0.40 


DietcricL 

+8.17 
+1.62 
-fi.o8 
+0.77 
+0.49 
+0.28 
— 0.20 

—0.34 
--0.68 
— 0.41 
+0.02 


+6.23 
+1.94 
+1.08 
+0.56 

— O.OI 

— 0.46 
—1.05 

— 1.21 

—I  39 
— 0.71 
-fo.oS 


—1.97 
+0.13 
0.00 
+0.04 
+0.02 
+0.03 
—0.22 
—0.05 
— 0.29 
+0.24 
+0.25 


Tyrer. 
+0.37 
+0.95 
+0.53 
+0.21 
— 0.06 
— 0.23 
— 0.64 
—0.40 
— O  53 
+0.43 
+  1.24 


Applebey. 


+2.39 


-1.34 


—3.05 

— 2.30 
— 1 .23 


Av  (120-280 •)  0.27  0.65 


0.93  Oil  0.44  2.13 
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are  shovm  in  Tables  Ila-Va.  In  the  calculation  of  the  "average  diver- 
gence," the  figures  for  o^  and  for  temperatures  within  10^  of  the  critical 
are  disregarded.^ 

Tabls  III. — Mbthyl  Butyrats.    Hbats  op  Vaporization. 


1. 

Ther. 

MiUs.       Dieterict 

neemaii. 

KendaU. 

Tyrer. 

Applebey. 

0 

95-79 

90.91 

101.88 

101.17 

92.35 

95  08 

too 

77.80 

7813. 

79  58 

.     80.41 

77.95 

79.02 

120 

74.31 

74.72 

75.58 

76.10 

74.48 

75.17 

80.79 

140 

70.84 

71.04 

71.61 

71.62 

70.77 

71   13 

160 

66.53 

66.87 

67.08 

66.87 

66.69 

66.77 

65.88 

180 

62.00 

62.26 

62.45 

61.79 

62.26 

62.01 

200 

57.41 

57.19 

57.31 

56.43 

57.18 

56.86 

55.20 

220 

51.31 

51.07 

51.08 

50.23 

51.28 

50.83 

240 

44.14 

43  69 

43.61 

42.70 

44.00 

43  74 

;26o 

34.44 

34.06 

33  85 

33  26 

34.10 

34.25 

32.00 

280 

1 1. 16 

11.98 

11.64 

12.42 

11  59 

12.62 

11.77 

Tablh  nifl.— 

MBT9YL  BuTYKATS.     DivBROBNCBS. 

1. 

Umg,          Dictcrki. 

Eleeman. 

KendftU. 

Tyrer. 

Apptebey 

0 

—4 

88         +6 

.09 

+5.38 

3.44 

— 0.71 

100 

+0 

.33         +1 

.78 

+2.63 

-1-0.15 

+  1.22 

+2 

.99 

120 

+0 

41         +1 

.27 

+  1.89 

-ho.  17 

-1-0.86 

. 

,  . 

140 

+0 

ao        -fo 

.77 

+0.78 

— 0.07 

+0.29 

160 

+0 

.34        +0 

.55 

+0.34 

+0.16 

+0.24 

—0 

.65 

180 

+0.26         +0 

.45 

— 0.21 

+0.26 

-f-o.oi 

. 

200 

— 0 

22        — 0 

.10 

—0.98 

— 0.23 

—0.55 

— 2 

.21 

220 

—0 

24        — 0 

.23 

—1.08 

—0.03 

—0.52 

240 

—0 

45         -0 

53 

— 1  44 

—0.14 

— 0.40 

. 

260 

— 0 

38     .  -0 

.59 

—1.18 

-0.34 

— 0.19 

— 2 

.44 

280 

+0.82         +0.48 

+  1.26 

-f-o.43 

-1-1.46 

-fo 

.61 

Av.  (100-260  •)        0 

.31             0 

.70 

1.19 

0.17 

0.48 

2.00 

Tablb  IV.— Cai«on  Tbtrachloridb. 

Hbats  of 

Vaporization. 

f. 

Ther. 

Mills. 

Dietcrici. 

KtecniMi 

XendftO. 

Tyrer. 

Applebey. 

0 

51.87 

52.40 

54  13 

56.14 

52.36 

53.62 

80 

46.00 

46.44 

46.11 

47.41 

46.03 

46.60 

100 

44.15 

44.58 

44.20 

45.16 

44.23 

44.58 

44. 

33 

120 

42.08 

42.54 

42.18 

42.75 

42.30 

42.44 

140 

39.92 

40.36 

40.11 

40.35 

40.22 

40.21 

160 

37.95 

38.08 

37  99 

37.92 

37.95 

37.86 

38* 

38 

180 

35.40 

35  46 

35.47 

35    22 

35  43 

35.25 

200 

32.61 

32.52 

32.67 

32.18 

32.62 

32.39 

220 

29.45 

29.14 

29  35 

28.77 

29.33 

29.13 

29 

72 

240 

25.56 

25.10 

25  35 

24.76 

25.33 

25.24 

. 

260 

20.07 

19.70 

19.89 

19.49 

19.90 

20.05 

280 

10.43 

10.45 

10.48 

10.48 

9.22 

10.29 

10. 

71 

^  Applebey  and  Chapman  have  calculated  all  results  (except  for  fluorobenzene)  at 
intervals  of  30^.  In  the  tables  their  figures  for  intermediate  temperatures  are  omitted 
to  economize  space,  but  for  the  final  calculation  of  "average  divergences"  all  results 
within  the  temperature  range  indicated  above  have  been  taken  into  account. 
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L 

o 
80 
too 
lao 
140 
160 
180 
200 
320 

340 
260 

280 


Tabus  IVa. — Carbon 

DieUricL 

+2.26 

4-O.II 
+0.05 
-fo.io 

-fo.19 
+0.04 
+0.07 
-fo.ois 
— 0.10 
— 0.21 
—0.18 
+0.05 


+0.53 
+0.44 
+0.43 
+0.46 
4-0.44 
4-0.13 
+0.06 
—0.09 
—0.31 
— 0.46 

—0.37 
4-0.02 


Tbtrachloridb.    Divbrgbncss. 

Klceman.  Kendall.  Tyrer.              Applebey. 

+4.27  +0.49  -fl.75 

+  1.41  -fo.03  4-0.60 

-fl.Ol  -fo.o8  4-0,43            +0 

-ho. 67  H-o.aa  4o.36 

+0.43  -1-0.30  -fo.29 

— 0.03  0.00  — 0.09          +0 

-ro.i8  4-0.03  — 0.15 

— 0.43  -fo.oi  — 0.22 

— 0.68  — 0.t2  — 0.32              +0 

— 0.80  — 0.23  — 0.32 

— 0.58  — 0.17  — 0.02 

+0.05  — 1.21  — 0.14         4-0 


18 


43 


27 


28 


At.  (80-260 •)       0.32 

o.ii              0.62              0.12 

0.28 

0.38 

TaBLH  V.—FtUOROBBNZBNB.     HBATS  OP  VAPORIZATION. 

t. 

Tber. 

Milb. 

DietericL      KJeemuu     KendBll. 

Tyrtr. 

Appkbtj. 

0 

87.78 

88.39 

93.51          9480         89.14 

91.44 

80 

80.07 

79  II 

79  53         80.56         78.60 

79.99 

79.76 

too 

77.10 

76.11 

76.19         76.79         75  59 

76.48 

77.21 

120 

73  03 

72.69 

72.55         72.80         72.34 

72.80 

73.24 

140 

68.75 

69.00 

68.79         68.71         68.84 

68.91 

69.27 

160 

64.37 

64  99 

64,79         64.45         64.97 

64.81 

65  39 

ito 

60.17 

60.65 

60.55         59.91         60.87 

60.41 

61.08 

200 

55.35 

55.79 

55.78         54.91         56.16 

55.63 

55.84 

220 

50.37 

50.36 

50.51         49  41         50.73 

50.27 

50.34 

240 

4407 

43.80 

43.97         43.00         44.22 

43.87 

43.77 

260 

35  65 

35.32 

35-43         34.70         35  60 

35  64 

35.21 

280 

20.82 

21.16 

21.07         20.17         20.74 

21.60 

19.95 

Tablb  Vo.— D1VBRGBNCB8. 

L 

Milb. 

Dieterid. 

KleemAO.           Kendall. 

Tywr. 

Applebey. 

0 

-fo.61 

+5.73 

-h702            -fl.36 

4-3.66 

80 

— 0.96 

-0.54 

-fo.49            —1.47 

— 0.08 

-0.31 

100 

—0.99 

—0.91 

—0.31            —1. 51 

—0.62 

+O.II 

120 

—034 

— 0.48 

— 0.23          -*-o.69 

— 0.23 

-fo.2I 

140 

4-0.25 

4-0.04 

—0.04           -fo.09 

+0.16 

4-0.52 

160 

+0.62 

-fo.42 

4-0.08           +0.60 

+0.44 

-hi  .02 

180 

40.48 

4-0.38 

— 0.26           -ho.  70 

-fo.24 

-ho. 91 

200 

4-0.44 

4-0.43 

— 0.44           H-o.8x 

-1-0.28 

-ho.  49 

220 

— O.OI 

40.14 

— 0.96           -fo.36 

— 0.10 

—0.03 

240 

-0.27 

— O.IO 

—1.07           +O.I5 

— 0.20 

— 0.30 

260 

--0.33 

— 0.22 

— 0.95          — 0.05 

— O.OI 

—0.44 

280 

4-0.34 

-fo.25 

— 0.65          — 0.08 

+0.78 

— 0.87 

At.  {80-260 •)  0.47 


0.37 


0.48 


0.64 


0.24 


0.43 


In  the  discussion  of  the  above  figures,  Tables  II-IV  will  be  considered 
first,  since  the   results  obtained  are  essentially  the  same  throughout. 
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Table  V  (fluorobenzene)  gives  results  of  a  different  nature,  requiring  fur- 
ther investigation;  it  is,  therefore,  dealt  with  subsequently. 

Prom  the  results  obtained  with  octane,  methyl  but3rrate  and  carbon 
tetrachloride,  it  is  evident  that  the  equations  of  Kendall  and  of  Mills 
afford  values  most  consistent  with  the  experimental  figures.  The  di- 
vergences are  always  small,  except  at  o^  and  near  the  critical  point,  where 
the  experimental  values  are  liable  to  error.  Even  at  these  temperatures 
the  divergences  are  usually  smaller  than  those  obtained  with  the  remain- 
ing formulas.  The  equations  of  Kleeman  and  of  Dieterici  (and,  to  a 
smaller  degree,  that  of  Tyrer)  are  not  so  accurate,  and  lead  to  values  at 
the  lowest  temperatures  which  are  consistently  too  high.  The  equation 
of  Applebey  and  Chapman  gives  values  differing  fairly  considerably  from 
the  experimental.  It  must  be  mentioned,  however,  that  the  effect  of 
small  experimental  errors  upon  the  calculated  values  is  much  greater 
here  than  in  any  of  the  other  equations. 

The  final  table  for  fluorobensene  shows  exactly  the  opposite  results. 
The  equations  of  Kendall  and  of  Mills  here  give  the  poorest  agreement 
with  the  experimental  data.  (Kleeman's  values  may  be  appreciably 
improved  by  a  slight  modification  in  the  value  of  the  constant  employed 
by  him.)  Also,  for  practically  all  of  the  formulas,  the  calculated  values 
at  the  lowest  temperatures  (80-120®)  are  tmiformly  too  low. 

This  difference  in  behavior  may  be  satirfactorily  explained  by  a  considera- 
tion of  the  experimental  data.  It  is  found  on  examination  that  the  values 
for  fluorobenzene  at  low  temperattu'es  are  affected  by  errors  of  observation. 

The  method  employed  for  illustrating  this  is  as  follows:  The  function 
dL/dT  is  plotted  against  temperature.  Now,  in  all  normal  curves,  the 
heat  of  vaporization,  after  a  rapid  increase  with  decreasing  temperature 
near  the  critical  point,  increases  more  and  more  slowly  as  temperature  is 
further  lowered.  When  the  rate  of  this  increase  {dL/dT)  is  plotted  against 
T,  therefore,  we  obtain  a  smooth  curve,  with  rapid  change  of  slope  near 
the  critical  temperattu'e,  but  approximating  mofe  nearly  to  a  straight 
line  at  lower  temperatures.  The  values  for  dL/dT  will  decrease  contin- 
uously, but  "more  and  more  slowly,  as  temperature  falls. 

The'results  for  the  lower  temperatures  are  shown  in  the  accompanying 
diagram.  The  values  for  dL/dT  are  fotmd,  at  intervals  of  20®,  by  inter- 
polation from  the  preceding  tables,  e.  g.,  for  octane  at  130°,  dL/dT  = 
1/20  (Luo  —  -Lmo).  It  is  evident  that,  while  the  results  for  octane  and 
carbon  tetrachloride  lie  fairly  closely  upon  smooth  curves  of  the  required 
type,  the  values  obtained  in  the  case  of  fluorobenzene  show  considerable 
fluctuations.'    The  experimental  data  in  this  case  are  clearly  inconsistent, 

^  The  values  for  methyl  butyrate  are  not  plotted  to  avoid  confusion  in  the  diagram. 
The  curve  is  almost  identical  with  that  for  fluorobenzene.  The  agreement  in  this  case 
is  not  quite  so  good  as  with  octane  or  carbon  tetrachloride. 
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and  a  repetitioa  of  the  observations  would  probably  lead  to  results  in 
apeement  with  those  obtained  from  other  hquids,  i.  e.,  exhibiting  dose 
concordance  with  Bquations  2  and  5. 
0.3 
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It  is  in  this  direction — ^the  correction  of  the  experimental  data — ^that 
the  equation  of  Mills  has  already  repeatedly  proved  itself  to  be  of  service. 
Large  divergences  were  existent  between  the  original  experimental  values 
of  Toung  and  the  calculated  values  of  Mills  for  several  liquids.  It  was 
invariably  found,  when  the  observations  were  repeated,  that  the  expert- 
wmUal  values  were  in  error.^ 

The  utility  of  the  various  equations  proposed  will  probably  be  restricted, 
(or  the  present,  to  this  practical  application.  It  is  hard  to  conceive  how 
mncfa  progress  can  be  made  on  the  theoretical  side  until  the  fundamental 
points  at  issue  are  settled.  For  the  most  obvious  conclusion  to  be  drawn 
from  the  present  investigation  is  that  the  heat  of  vaporization  is  a  quantity 
wfaicfa  is  peculiarly  adaptable  to  representation  by  empirical  formulas. 
It  is  impossible  that  all  of  the  equations  considered  can  be  of  theoretical 
significance.  Were  this  the  case,  an  army  of  physicists  might  devote 
thdr  Uves  to  tabulating  the  dififerent  relations,  between  the  quantities 
coocemed.  obtainable  by  the  combination  and  recombination  of  these 
equations.^    It  will  be  evident,  however,  that  the  fact  that  a  formula, 

1  Mnb,  Pha.  Mat.,  [6]  ai,  84  (19x1);  M*  4$3  (1912). 

*  Profn  three  equations  alone,  Mills  obtained  thirty-six  new  relations  (This  Jour- 
nal 31, 1099^  (1909)).  The  number  possible  soon  increases  to  billions  as  more  equations 
wt ipUoduced.    (Compare Bridgman,  Phys.  Rev.,  3,  373  (1914))  ><-^  j 
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in  this  field,  fits  the  experimental  results  is  no  confirmaticm,  taken  alcMie, 
of  the  truth  of  the  principles  involved. 

Further  approximate  or  empirical  relations  will  conseqtiently  be  super* 
fluous,  so  kmg  as  the  fundataetttal  theopetkMd  principlcO|Of  the  subject 
remain  indefinitely  outlined.  The  rigorous  mathematical  development 
of  the  laws  of  nH4ecular  attraction — a  field  in  which  M|lls  has  already 
performed,  valuable  pioneer  work — ^is  the  necessary  prer^uisite  to  any 
real  progress.  I 

•Stunmary.  \ 

The  accuracy  of  the  various  equathms  proposed  for  representing  heats 
of  vaporiz|ition  has  been  tested  l>y  comparison  wttk^tbe  exberimental  data 
of  Young.  In  tkcee  out  of  the  four  cases  examined,  the  aquations  of  the 
author  anej.of  Mills  afford  most  satisfactory  agreement.*  1(1  the  remaining 
case  the  experimental  figures  are  shown  to  be  inaccurate,  j 

It  has  been  pointed  out  that  the  heal  of  vapprization  1^  a  quantity  so 
adapted  tp  representation  by  different  formulas  Qnctiio  tondusions  can 
be  drawn  as  to  their  relative  theoretical  merits.  At  present,  the  equations 
are  useful  0nly  as  checks  upon  the  experimental  data.  \ 

Nichols  Laboratokibs  of  Inokoanic  Chbiiistkt,  i 

Columbia  UmvassiTT,  Nsw  Yobs  Citt.  | 
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I.  Introducttoii:  (a)  Aim  of  the  Investigation;  (6)  PreparatioB  of  Materials. 
2.  Measurements  of  Electrical  Conductance.  3.  Detennination  of  Tnutsport 
Numbers.  4.  Determination  of  the  Electromotive  Force  of  Various  Concentra- 
tion Cells.  5.  Discussion  of  Results.  6.  Summary.  7.  Chronological  Bibli- 
ography. 

I.    Introduction. 

The  study  of  the  potentials  of  metals  in  nonaqueous  solutions  of  their 
salts  was  begun  by  Campetti*  about  twenty  years  ago.  Since,  however, 
the  drop  electrode  was  employed  in  these  experiments  the  results  cannot 
be  considered  trustworthy. 

A  few  months  later,  Jones'  published  results  of  measurements  of  the 
combinations 

Ag  I  AgNOj  in  solvent  I  |  AgNOj  in  solvent  II  |  Ag. 
The  solvents  used  were  water,  ethyl  alcohol,  methyl  alcohol  and  acetone. 

*  A  Dissertation  presented  to  the  Faculty  of  Bryn  Mawr  College  by  Vemette  Lr 
Gibbons  in  part  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

*  Atti  accad.  Torino,  a8,  61  and  228  (1893). 
»  Z.  physik.  Chem.,  14, 346  (1894). 
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The  ooaceatratioiis  of  both  solutions  were  identical  for  each  individual 
experiment.  Electromotive  forces  of  considerable  numerical  value  were 
obtained,  but  they  varied  with  the  combination  employed.  He  concluded 
that  the  solution  tension  of  silver  depends  upon  the  nature  of  the  solvent 
in  which  the  salt  is  dissolved. 

Kahlenberg^  carried  out  a  long  series  of  investigations  of  the  behavior 
of  ten  different  metals,  in  solutions  of  thehr  salts  in  about  thirty  different 
solvents.  He  measured  the  potential  of  silver  in  ai  iV  solutions  of  silver 
nitrate  in  twenty-four  different  solvents.  The  silver  nitrate  solution 
formed  one  part  of  the  cell,  and  in  each  case  the  other  part  was  either 
a  normal  or  o.i  N  calomel  electrode.  The  metals  dipped  into  solutions 
contaiined  in  test  tubes  or  open  beakens  and  the  connection  between  the 
two  vessels  was  made  by  means  of  a  strip  of  filter  paper  folded  to  several 
thicknesses.  Thus  the  solutions  were  liable  to  change  in  concentration 
because  of  evaporation  or  of  absorption  of  moisture  from  the  atmosphere. 
The  difference  of  potential  at  the  junction  of  the  two  liquids  was  neglected 
and  no  definite  temperature  was  maintained.  The  change  in  electro- 
motive force  caused  by  the  interaction  of  the  ions  cl  the  two  electrolytes 
at  the  junction  was  entirely  overlooked. 

The  following  year  Kahlenberg'  measured  the  electromotive  force 
of  concentration  cells  of  silver  nitrate  in  pyridine  and  acetonitrile. 
He  compared  the  results  with  the  values  calculated  by  means  of  the  Nemst 
equation 

assuming  that  the  potential  at  the  junction  between  the  two  solutions 
was  ne^gible.  Although  a  fair  agreement  between  experimental  and 
calculated  values  had  been  obtained  when  aqueous  solutions  were  used, 
here  an  utter  lack  of  agreement  was  found,  and  he  was  forced  to  the  con- 
clusion that  the  formula  was  not  applicable  to  cells  involving  nonaqueous 
scdutions. 

In  a  later  article,  Kahlenberg'  gave  the  results  of  measurements  of  the 
electromotive  force  of  the  system 

\g  \  OA  N  AgNOa  in  water  |  o.i  A^  AgNOa  in  p)rridine  and  water  |  Ag. 
He  foimd  that,  by  increasing  the  amount  of  water  in  the  mixed  solvent, 
the  electromotive  force  of  the  cell  diminished,  and  he  concluded  that  the 
potential  difference  between  silver  and  silver  nitrate  depended  upon  the 
composition  of  the  solvent. 

Carrara  and  D'Agostini,^  from  their  investigation  of  concentration  cells 

»  /.  Phys.  Chem,,  3,  379  (1899). 
«  /.  Ibid.,  4,  709  (1900). 
*  Z.  EUkirochem.,  ix,  385  (1905). 
«  AUi  R.  1st.  Veneto,  63,  793  (1902). 
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in  methyl  alcx)hol»  condtided  that  in  this  solvent  the  Nenist  formula  was 
applicable. 

In  1905,  Carrara^  homed  his  attention  to  the  influenoe  ci  the  solvent 
upon  the  solution  pressure  of  the  metafe;  He  found  that  in  methyl  al- 
cx)hol  this  pressure  was  less  than  in  water  and  was,  therefore,  not  inde- 
pendent of  the  nature  of  the  solvents 

Sackur'  criticized  the  work  of  Kahlenberg  and  also  that  ol  Canara  and 
D'Agostini.  He  maintained  that  neither  had  <fispr0v«d  the  applicability 
df  l4emst's  law;  that,  in  fact,  in  the  case  of  the  work  of  Cartara  and  D'Agos- 
tini  the  results  with  three  out  of  the  four  metals  investigated  could  be 
interpreted  as  in  full  accord  with  that  law. 

In  the  same  year,  Bjerrum'  attempted  to  eliminate  the  diffusion  po- 
tential at  the  junction  of  the  two  liquids  by  using  a  concentrated  solu- 
tion of  potassium  chloride  as  a  *' middle  liquid"  and  obtained  values  moie 
nearly  constant  for  eadi  experiment  and  with  less  variation  in  a  series 
of' experiments  than  when  this  ''middle  liquid"  was  not  used. 

The  measurement  of  the  ekctromotive  force  of  ooncentratiGti  cells  of 
silver  nitrate  in  methyl-  and  ethylamine  was  undertaken  by  BodULnder 
and  Eberlein^  as  a  means  of  studying  the  complexes  formed  in  these  sol- 
vents. They  oonsidered  that  these  ions  axe  represented  by  the  fonmdas, 
Ag(CHsNHs)z  and  AgCCsHBNHs)^,  thus  showing  the  simUarity  of  these 
scdvents  to  ammonia. 

The  potential  difference  of  concentration  cells  with  liquid  ammooia 
as  a  solvent  was  measured  by  Cady  in  1905.*  His  conclusion  was  that 
the  Nemst  formula  could  be  used  to  calculate  the  electromotive  force 
when  this  solvent  was  used  in  the  cells. 

A  large  amount  of  experimental  work  was  carried  out  by  Neustadt  and 
Abegg"  for  the  purpose  of  determining  the  relation  of  the  tension  series 
of  the  metals  to  the  solvent.  Ag  |  AgNC^  was  always  made  one-half  of 
the  cell.  In  only  a  few  cases  is  mention  made  of  the  use  of  a  "middle 
liquid;"  although,  in  several  cases,  the  solution  in  the  second  half  of  the 
cell  was  a  chloride.  They  concluded  that  the  tension  series  was  quite 
independent  of  the  solvent.  The  liquid  potentials  in  a  given  S3rstem  were 
considered  at  some  length  but  without  reaching  any  definite  conclusion. 

The  behavior  of  cadmium  in  alcoholic  solutions  of  its  salts  was  investi- 
gated by  Getman.'    He  measured  the  electromotive  force  of  the  metal 
in  different  concentrations  of  its  salts,  the  other  half  of  the  cell  being  in 
^  Gazs.  chim.  ikU,,  35, 1,  132  (1905). 
«  Z.  Elekirochem,,  11,  385  (1905). 
'  Z.  physik.  Chem.,  53, 428  (1905). 

*  Ber.,  36,  3945  (1903). 

*  /.  Phys.  Chem.,  9,  476  (1905). 

*  Z.  physik,  Chem.,  69,  486  (1909). 
^  Am.  Chem.  /.,  46,  117  (191 1). 
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each  case  a  normal  calomel  electrode.  The  changes  in  potential  with  con- 
centration in  the  alcoholic  solutions  were  found  to  be  opposite  to  the  change 
in  aqueous  solutions,  i.  e.,  the  potential  of  cadmium  became  more  strongly 
negative  with  increasing  concentration  of  the  solutions  of  its  salts.  The 
electromotive  force  developed  at  the  junction  of  the  two  solutions  was 
assumed  to  be  negligible.  The  possibility  of  the  application  of  Nemst's 
equation  to  such  nonaqueous  solutions  was  considered  doubtful. 

In  1912  the  potentials  of  zinc  in  alcoholic  solutions  of  zinc  chloride  were 
measured  by  Getman  and  Gibbons,*  one-half  of  the  cell  being  in  each  case 
the  normal  calomel  electrode.  It  was  found  that  the  potentials  of  zinc 
in  solutions  in  ethyl  alcohol  became  more  strongly  negative  with  increas- 
ing concentration  of  the  solutions.  This  was  the  same  effect  observed 
by  Getman  in  his  study  of  solutions  of  cadmium  salts.  Solutions  in  methyl 
alcohol  showed  fluctuations  of  potential  of  more  than  ten  millivolts,  an 
effect  which  is  to  be  studied  further.  Shortly  after  this,  Dr.  Laurie  of 
Edinburgh,  in  a  personal  letter  to  one  of  us,  called  attention  to  the 
fact  that  the  potential  difference  developed  at  the  junction  of  the  two  liquids 
might  sometimes  have  considerable  influence.' 

Roshdestwensky  and  Lewis'  have  studied  concentration  cells  of  silver 
nitrate  in  acetone.  They  not  only  measured  the  electromotive  forces 
of  various  combinations  of  freshly  prepared  solutions,  but  they  made 
similar  measurements  both  with  solutions  which  had  stood  for  six  weeks 
in  the  dark  and  with  solutions  which  had  stood  one  day  exposed  to  the 
sunlight.  The  agreement  of  the  results  in  all  cases  is  within  the  limits 
of  experimental  error.  The  type  of  cell  used  was  not  described,  but  the 
two  Solutions  were  in  direct  contact,  thus  possibly  developing  a  potential 
differtihce  at  the  junction.  In  the  following  way,  however,  this  potential 
difference  was  shovm  to  be  very  sUght.  A  solution  of  o.oi  N  silver  ni- 
trate was  interposed  as  a  "  middle  liquid"  and  the  measurements  repeated. 
The  results  agree  with  those  for  a  similar  cell  ¥rithout  this  "middle  liquid." 
Therefore,  assuming  Nemst's  law  to  be  valid  for  these  systems,  Rosh- 
destwensky and  Lewis  calculated  the  transport  numbers  for  the  ions  and 
found  that  in  solutions  ranging  in  concentration  between  the  limits  of 
0.02-0.007  N  the  value  for  the  anion  lay  between  0.60  and  0.58,  and  for 
more  dilute  solutions  (0.007-0.0005  N)  the  value  was  0.56.  As  a  result 
of  further  attempts  to  eliminate  the  potential  differences  at  the  junction 
of  the  two  liquids,  they  concluded  that  the  validity  of  "middle"  liquid 
methods  for  acetone  solutions  was  doubtful  since,  in  all  cases,  where  an 
effect  was  observed  there  was  an  increase  instead  of  a  decrease  of  electro- 
motive force. 

^  Am.  Chem.  J.,  48,  124  (1912). 

*  Proc.  Roy.  Sac.  Edinb.,  31,  375  (19x1). 

*  /.  Chem.  Soc.,  101,  2094  (1912). 
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Measurements  of  the  electromotive  force  of  silver  nitrate  concentra- 
tion cells  with  water  and  ethyl  alcohol  as  solvents  were  carried  out  by 
Bell  and  Peild.^  They  used  a  closed  apparatus  of  a  U  form,  having  an 
outlet  tube  in  the  middle,  closed  with  a  three-way  stopcock,  so  that  the 
two  arms  could  be  connected  with  each  other  or  the  solution  drawn  from 
either  one  without  disturbing  that  in  the  other.  In  this  way,  the  solutions 
could  be  brought  to  the  same  level  in  both  sides  of  the  tube  without 
intermingling  and  could  be  kept  separated  except  during  the  time  of 
actual  measurement.  Apparently,  the  efiFect  of  gravity  in  causing  inter- 
diffusion  was  overlooked.    Writing  Nemst's  law  in  the  form 

logioCi/C2  u  +  v  NF 
they  obtained  from  the  data  for  concentration  cells  in  water,  values  for 
K  that  vary  from  0.0560  to  0.0623.  Taking  the  latter  as  the  value  of 
K  they  calculated  the  value  of  v  in  the  above  formula  and  found  it  to  be 
0.523  instead  of  0.528  as  given  by  Lehfeldt.^  Since  the  values  of  0  are 
probably  smaller  in  more  concentrated  solutions,  K  will,  of  course,  for 
such  solutions,  be  proportionately  smaller.  In  the  same  way,  K  was 
calculated  from  the  measurements  of  the  electromotive  forces  of  concen- 
tration cells  in  ethyl  alcohol  and,  since  K  varied,  they  assumed  that  the 
migration  ratios  were  not  constant.  The  value  of  v  calculated  from  the 
highest  value  of  K  obtained  was  0.62. 

Bjerrum'  sought  to  eliminate  the  potential  at  the  junction  by  using, 
in  one  experiment,  a  saturated,  and  in  another,  a  half-saturated  solution 
of  potassium  chloride  as  a  "middle  liquid/'  By  comparing  the  results 
of  the  two  measurements  and  by  extrapolating,  he  concluded  tha^j|)etter 
results  were  obtained  than  when  the  potassium  chloride  solution  ipsas  not 
present. 

Gumming  and  Abegg^  concluded  that  a  saturated  ammonium  nitrate 
solution  |prmed  an  exceptionally  good  "middle  liquid''  for  eliminating 
the  potential  at  the  jimction. 

Thermodynamic  principles  were  applied  by  Henderson^  in  the  deriva- 
tion of  the  foUowing  equation  for  calculating  the  potential  developed 
between  two  aqueous  solutions: 

RT  («i — Vi)Ci  —{ih— Vt)Ci 


E  = 


F    (uiWi  +  ViWi)Ci  —  {utW^  +  V2Wt)Ct 


»  This  Journal,  35»  715  (1913). 

'  Electrochemistry,  p.  256  (1904). 

■  Z.  physik.  Chetn.,  53,  49  (1905). 

*  Z.  Elektrachem.,  13,  17  (1907). 

» Z.  physik.  Chem.,  59,  118  (1907);  63,  325  (1908), 
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Ci  and  Ct  represent  equivalent  concentrations.  Ui,  Vi,  Ut,  vt  represent 
absolute  ionic  velocities.  Wi,  Wu  W^2»  W2  represent  the  valences  of  the 
ions. 

Subsequent  investigations  by  Bjerrum*  led  him  to  ccmclude  that,  if 
the  electromotive  force  remained  constant  for  some  minutes  after  contact 
between  the  liquids  had  been  established,  the  effect  of  diffusion  was  neg- 
ligible and  Henderson's  formula  could  be  applied.  He  found,  also,  that 
if  the  connection  between  the  two  parts  of  the  cell  was  made  through  a 
layer  of  sand  much  more  constant  results  were  obtained.  ,  In  a  second 
.paper,'  he  showed  that  ammonium  nitrate  gave  less  satisfactory  results 
than  potassium  chloride  when  used  as  a  "middle  liquid,''  but  that  it 
might  be  used  in  cases  where  the  latter  would  give  rise  to  chemical  action. 
He  also  showed  that  the  values  obtained  by  extrapolation,  when  a  solution 
of  potassium  chloride  was  used,  agreed  dosely  with  those  computed  by 
means  of  Henderson's  formula,  and  that,  if  the  degree  of  dissociation  was 
calculated  by  means  of  Nemst's  equation,  the  result  did  not  at  all  agree 
with  the  value  obtained  by  calculation  from  conductance  measurements. 

The  electrode  and  liquid  potentials  of  nonaqueous  solutions  were  studied 
by  Isgarischew'  who  applied  Henderson's  formula  to  methyl  alcohol 
solutions.  He  referred  all  his  meastu'ements  to  the  normal  hydrogen 
electrode  as  a  standard.  He  prepared  a  calomel  electrode  in  methyl 
alcohol,  determined  its  electromotive  force  and,  with  the  aid  of  this  elec- 
trode calculated  the  electrode  potential  of  several  metals.  Certain 
metals  he  found  showed  great  tendency  to  become  passive.  The  elec- 
trode potential  of  silver  was  obtained  by  using  as  one-half  of  the  cell  a 
Cd  I  Cd(NOs)2  electrode  which  had  been  measured  against  the  calomel 
electrode.  Since  the  potential  of  this  cadmium  electrode  showed  a  ten- 
dency to  increase  quite  rapidly  at  first,  the  two  half  cells  were  not  placed 
in  contact  until  a  constant  value  had  been  obtained  for  the  electromotive 
force  of  this  electrode. 

Isgarischew^  made  a  ftuther  study  of  the  paissivity  of  metals  and  con- 
cluded that  the  phenomenon  was  caused  by  oxidation.  In  the  case  of 
copper,  however,  instead  of  an  oxide,  a  complex  compound  of  copper 
chloride  and  alcohol  was  formed  on  the  surface  of  the  metal.  He  measured 
the  electromotive  force  of  the  combination 

Ag  I  AgNOj  in  methyl  alcohol  [  AgNOa  in  water  |  Ag, 
and  computed  the  liquid  potential  by  means  of  Henderson's  formula, 
obtaining  an  electrode  potential  much  larger  than  when  the  cadmium 
electrode  was  used.    He  sought  to  measure  similar  combinations  of  ethyl 

^  Z.  Eiektrochem,,  17, 58  (1911)- 
*Ibid.,  X7»388  (191 1). 
»/6ii.,  18,568(1912). 
*  Ibid.,  19,  491  (1913). 
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alcohol  and  aqueous  solutions,  and  stated  that  it  was  impossible  to  apply 
Henderson's  formula  to  CK>mpute  the  liquid  potential  of  such  combinations, 
but  gave  no  reasons  for  this  conclusion. 

The  following  simplification  of  Henderson's  formula  has  recently  been 
given  by  Ciunming:^ 

^       RT  K{2n—i)—K'{2n'—i),       KWi  ../ 

^"1F" KWi-K'Wt  ^""^'KW,  ^"^^ 

K  and  K'  are  the  specific 'conductances,  N  and  N'  the  migration  ratios 
and  W\  and  W^  the  corresponding  valences.  This  equation  requires  only 
data  that  can  be  determined  experimentally;  and,  if  it  is  assumed  that  the 
migration  ratios  in  the  two  solutions  are  the  same,  the  equation  becomes 
identical  with  Nemst's  equation.  Gumming  applied  tiie  equation  to 
the  results  of  Bjerrum  and  others  on  the  potentials  of  various  chloride 
solutions  with  calomel  electrodes  and  obtained  satisfactory  values. 

Since  the  experimental  work  toJt>e  described  in  the  following  pages 
was  completed,  Gumming  and  Gilchrist*  have  published  a  method  for 
ascertaining  the  true  values  for  the  diffusion  and  electrode  potentials 
from  the  observed  potential  of  the  cell.  They  conclude  that  a  new  bound- 
ary must  be  made  shortly  before  the  measurement  is  taken,  and  that 
capillary  tubes  must  be  avoided  in  the  construction  of  an  electromotive 
force  cell. 

Thus,  as  we  have  seen,  considerable  work  has  been  done,  especially 
within  the  last  three  years,  upon  the  subject  of  the  potentials  of  metals 
in  aqueous  and  nonaqueous  solutions  of  their  salts.  Many  of  these  meas- 
urements have  been  made  with  open  cells  connected  by  capillary  tubes, 
filter  paper  or  sand,  with  "middle  liquids"  whose  effect  is  more  or  less 
uncertain,  or  with  closed  cells,  no  attempt  being  made  to  calculate  the 
potential  at  the  junction  between  the  solutions.  It  has,  therefore,  been 
considered  advisable  to  carry  out  an  investigation  of  the  behavior  of  silver 
in  nonaqueous  solutions  of  silver  nitrate.  This  combination  was  chosen 
because  silver  nitrate  can  be  obtained  and  kept  in  a  state  of  great  ptuity. 
It  is  also  soluble  in  a  large  variety  of  solvents.  .In  some  of  these  solvents 
it  might  be  expected,  from  conductance  measurements,  that  abnormal 
effects  would  be  observed. 

The  development  of  the  Gumming  equation  has  made  it  possible  to 
compute  the  potential  at  the  junction  of  the  two  liquids  from  piu-ely  ex- 
perimental data,  and  has  thus  removed  one  source  of  error. 

The  apparatus  employed  for  the  electromotive  force  measurements  was 
free  from  the  defects  mentioned  by  Gumming  and  Gilchrist  and  embodied 
several  improvements  over  the  ordinary  tyi^  of  cell.    The  investigation 
divides  itself  into  three  parts  as  follows: 
»  Trans.  Faraday  Soc.,  8,  86  (191 3). 
•JW<f.,  9,  174  (1914)- 
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I.  The  meastxrement  of  the  conductance  of  the  solutions'  employed. 

II.  The  determination  of  the  transport  numbers  in  as  many  of  these 
solutions  as  possible. 

III.  The  meaaurement  of  the  electromotive  force  of  various  concen- 
tratkni  cdls  in  each  solvent*  and  the  determination  of  die  electromotive 
force  of  the  following  combinations: 

Ag  I  o.  I  or  o.oi  N  AgNOs  in  water  |  o.  i  or  o.oi  N  AgNOs  m  sohrent  II  |  Ag 

Preparation  of  Materials, — ^The  silver  nitrate  used  in  making  up  the 
solutions  was  finely  powdered  and  kept  in  a  desiccator  over  phosphorus 
pentoxide. 

The  ethyl  alcohol  (high-grade  commercial  "Absolute"  99.6%)  was 
dehydrated  over  lime  (**aus  Marmor")  for  several  weeks.  It  was  then 
distilled,  using  a  fractionating  column,  and  the  distillate  was  collected  in 
a  receiver  protected  from  the  moisture  and  gases  of  the  atmosphere  by 
means  of  a  tube  filled  with  soda-lime.  The  boiling  point  was  78.8**  at 
757.4  mm.  of  mercury. 

The  methyl  alcohol  was  subjected  to  the  same  treatment  as  the  ethyl 
alcohol.  The  fraction  boiling  between  64.3^  and  64.8^  at  746  mm.  of 
mercury  was  collected  for  use. 

The  acetone  was  dried  over  fused  calcium  chloride,  distilled,  allowed 
to  stand  over  anhydrous  copper  stdfate  several  weeks,  then  redistilled 
and  the  fraction  boiling  between  56  ^-56. 1  ®  was  collected.  Its  conductance 
was  so  slight  it  could  not  be  measured. 

Commercial  aniline,  was  distilled,  allowed  to  stand  over  fused  potassium 
carbonate  several  day^,  then  redistilled  using  a  fractionating  column. 
The  distillation  was  repeated  untQ  a  nearly  colorless  distillate  was  ob- 
tained whidi  boiled  between  i8i.s*'-i82®  at  751.8  mm.  of  mercury.  The 
conductance  was  too  slight  to  be  measured. 

The  pyridine,  of  the  best  grade  obtainable,  was  treated  with  fused 
potassium  hydroxide  for  several  days,  filtered  and  after  repeated  frac- 
tionations the  portion  bolting  between  114^-116^  at  742  mm.  of  mer- 
cury was  collected. 

The  water  used  was  distilled  according  to  the  method  of  Jones  and 
Mackay,  It  was  collected  in  a  bottle  well  protected  from  the  gases  of 
the  atmosphere. 

2.  Electrical  Conductance. 

All  measurements  were  made  at  25^.  The  thermostat  consisted  of 
two  concentric  galvanized  iron  tanks,  the  annular  space  between  them 
being  filled  with  sawdust.  The  water  was  well  stirred  and  was  heated 
by  means  of  an  incandescent  lamp  that  had  been  coated  with  a  ruby  varnish 
to  prevent  the  reducing  action  of  light  on  the  silver  nitrate  solutions. 
The  temperature  was  maintained  constant  at  25  ^  0.05^  by  means  of 
an  electrically  controlled  Ostwald  thermoregulator. 
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The  mother  scdution  in  each  solvent  was  made  up  by  diiect  weighing, 
and  the  more  dilute  solutions  were  made  from  this  by  means  of  carefully 
caUbrated  burets  and  flasks. 

The  measurements  of  electrical  conductance  were  made  by  means  of 
the  well-known  Kohhrausch  apparatus,  a  Leeds  and  Northrup  cyUndrical 
bridge  being  used.  The  cells  were  of  two  types*  The  ordinaiy  Arrhenius 
form  closed  by  a  tight-fitting  ebonite  cover  was  used  for  most  erf  the  work, 
but  the  form  described  by  Kreider  and  Jones^  having  a  ground  glass 
stopper  and  concentric  cyUndrical  platinum  electrodes,  was  used  for  the 
solutions  in  ethyl  alcohol.  The  constants  of  these  cells  were  determined 
by  means  of  a  potassium  chloride  solution  containing  one  mol  of  the  salt 
in  128  liters  of  water.  Its  equivalent  conductance  was  taken  as  142.4 
at  25**.  The  cell  constants  were  redetermined  frequently  during  the 
investigation  and  were  found  to  remain  practically  constant.  The  average 
value  for  the  Arrhenius  type  of  cell  was  16.83  ^nd  i^  the  Kreider  and  Jones 
type  2.63.  The  electrodes  of  the  cell  were  platinized  in  the  usual  manner. 
After  each  measurement,  the  cell  and  electrodes  were  carefully  cleansed, 
rinsed  first  with  distilled  water,  then  several  times  with  absolute  ethyl 
alcohol  and  dried  in  a  current  of  pm^  dry  air. 

The  cell  was  allowed  to  stand  in  the  thermostat  for  twenty  or  thirty 
minutes  and  the  contents  were  thoroughly  stirred  to  insure  a  uniform 
temperattu'e  before  a  measurement  was  taken.  From  three  to  six  readings 
were  taken  for  each  dilution.  The  cell  was  allowed  to  stand  twenty  minutes 
longer  in  the  thermostat  and  the  readings  repeated.     If  the  two  sets  of  read- 


for  comparison.    Tables  I  to  V  give 

the  results  of  these  measurements. 

T/iBhH  I.— Sn^VBR  NlTRAT« 

iM  Ethyl 

Tabls  II.--Sd«v]Br  Nixsats 

DC   M8VHYL 

AlXOBOI,. 

Alcohol. 

m. 

V. 

Aji*. 

m. 

V. 

A»«». 

O.I 

10. 0 

10.81 

0.1 

10. 0 

36.64 

O.OI 

lOO.O 

22.06 

O.OI 

100. 0 

68.75 

0.0078 

128.4 

23.72 

0.006 

166.7 

74.«8 

0.003 

333.3 

28.14 

0.003 

333.33 

83.14 

0.001 

1000. 0 

34  95 

0.0012 

833-3 

87.30 

0.00056 

1786.0 

37.79 

O.OOI 

1000. 0 

90.10 

0.0003 

3333.3 

38.52 

0.0003 

3333-3 

87.82 

O.OOOI 

lOOOO.O 

40.71 

O.OOOI 

10000.0 

73.23 

TaBLB  III.— SaVBR  NiTRATB 

IN  AcBTONB. 

Table  IV.— Silvbr  Nitratb 

IN  Aniuns. 

m. 

V. 

A«o. 

HI. 

V. 

A**. 

O.OI 

100. 0 

10.51 

0.1 

10. 0 

0.666 

0.003 

333.3 

11.39 

O.OI 

lOO.O 

0.327 

O.OOI 

1000. 0 

15  43 

0.003 

333 '3 

0.436 

0.0003 

3333.3 

20.78 

O.OOI 

1000. 0 

0.678 

0.00016 

6250.0 

25.60 

0.0003 

3333.3 

1.082 

0.0001 

10000.0 

28.06 

O.OOOI 

lOOOO.O 

1.651 

Am.  Client.  J.,  45,  295  (191 1). 
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m. 

V. 

A»«. 

O.I 

10. 0 

34,80 

O.OI 

100.0 

33.85 

0.003 

333-3 

43.68 

O.OOI 

1000. 0 

54.13 

0.0003 

3333.3 

66.14 

O.OOOI 

lOOOO.O 

73.50 

0.00006 

16666.7 

75.82 

In  Pig.  I  are  plotted  the  values  given  in  Tables  I-IV.  As  a  comparison, 
the  results  of  other  investigators  are  also  given.  The  scale  used  in  Pig.  i 
being  too  small  to  show  well  the  changes  of  conductance  with  dilution 
in  solutions  of  silver  nitrate  in  aniline,  the  results  of  Table  V  are  plotted 
in  Pig.  2  and  compared  with  the  results  obtained  by  Sachanov^  in  more 
concentrated  solutions.    Curves  similar  to  this  conductance  curve  have 


Fig.  I. 
I.  Conductance  in  Water.     2,  Condnctance  in  Ethyl  Alcohol.     3  and  4»    Conduc- 
tance in  Methyl  Alcohol.    5,  Conductance  in  Acetone  at  iS**.    6  and  7,  Conduc- 
tance in  Aoetone  at  35  ®.    8  and  9,  Conductance  in  Pyridine. 

been  described  by  Pranklin  and  Gibbs'  for  silver  nitrate  in  solutions  in 
methylamine,  and  by  Shinn'  for  solutions  of  silver  nitrate  in  ethylamine. 
The  conductance  curve  for  silver  nitrate  in  acetone  at  18^,  described 
by  St.  V.  Laszizynski,*  is  also  plotted  in  Pig.  i.  As  it  lies  above  the  curve 
obtained  at  25^  it  indicates  that  the  silver  nitrate  solutions  in  acetone 
have  a  negative  temperature-coefficient.    This  phenomenon  was  observed 

^Z.  physik.  Chem.fSSt  129  (i9X3)- 

*  This  Jovmsal,  29, 1389  (1907)- 

*  /.  Phys,  Chem.,  xx,  537  (1907). 

*  Z.  EleJUroehem.,  a,  55  (1895). 
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Fig.  2. — Conductance  in  Aniline. 

by  Cattaneo^  for  soluticms  cxf  hydrochkric  acid  in  ether,  and  by  Getman 
and  Gibbons^  for  solutions  of  zinc  diloride  in  methyl  alo^cd. 

3.  Transport  Numbers. 
Since  the  data  at  hand,  concerning  -the  transport  numbers  of  the  ions 
of  silver  nitrate  in  nonaqueous  solutions,  were  somewhat  meager,  it  seemed 
best  to  carry  out  as  full  a  series  of  such  measurements  as  possible  for  the 
solutions  under  investigation. 

Two  forms  of  apparatus* were  employed  for  these  determinations — the 
form  designed  by  Mather  and  modified  by  Jones  and  Basset,'  and  a  modified 
4I-.  r^     form  of  the  Nemst-Loeb  apparatus  which  has  been  de- 

signed in  this  laboratopry  and  is  illustrated  in  Fig.  3. 
The  electrodes  were  in  both  cases  made  of  pure  silver 
wire  fused  to  a  stout  piece  of  platinum  wire  which  was 
in  turn  sealed  into  the  gl^ss  tube  and  protected  with 
fusion  glass. 

A  copper  coulometer  was  used  to  measure  the  total 
current-  Two  copper  plates,  2.2  by  5  cm.  in  dimen- 
sions, served  as  electrodes,  one  of  which,  the  cathode, 
could  be  removed  for  cleaning  and  weighing.  The 
solution  in  the  coulometer  was  made  up  as  fcdlows: 
CuS04.5HfO,  150  g.;  HjSOi,  50  g.;  CiH»OH,  50  g.; 
HjO,  1000  g.  During  the  passage  of  the  current,  a 
slow  stream  of  carbon  dioxide  bubbled  through  the 
solution  between  the  electrodes  in  the  coulometer.  The 
laboratory  electrical  circuit  served  as  a  soiu*ce  of  current 
and  it  remained  fairly  constant  during  the  time  of  each  experiment. 
The  Jones  and  Bassett  cell  was  carefufly  calibrated.    To  simplify  the 

1  AUi  accad.  Lined,  [5]  2,  295. 
'  Am,  Chem.  /.,  48,  124  (1912). 
«/WJ..  32,429(1904). 


Fig.  3. 
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method  given  by  them,  the  apparatus  was  leveled  and  fiUed  with  distilled 
water  to  a  suitable  height.  After  marking  each  arm  ot  the  apparatus  to 
indicate  this 'level,  it  was  emptied  and  thoroughly  dried.  The  stopcock 
was  dosed  and  each  arm  filled  with  distilled  water  from  a  carefully  cali- 
brated buret.  The  vohune  required  to  fill  each  arm  to  the  mark  was 
noted.  The  stopcock  was  then  opened  and  water  added  until  it  again 
stood  at  the  same  level.  This  operation  was  repeated  three  times  witli 
the  following  results: 


L 
Oe. 

II. 
Cc. 

lU. 
Cc 

55. S6 

55.^3 

1X2. 21 

55.54 

55.80 

XI3.23 

55-45 

55.76 

112.24 

55.45 
55.50 



Aveiage, 

55.«0 

112.23 

For  each  experiment  112.23  cc.  of  the  solution  were  run  into  the  ap- 
paratus from  the  buret  and  after  inserting  the  electrodes  it  was  placed 
in  the  thermostat.  When  sufficient  time  had  elapsed  for  the  temperature 
to  become  uniform,  it  was  connected  in  series  with  the  coulometer,  a  vari- 
able resistance  and  a  miUiammeter.  The  circuit  was  closed  and  the  cur- 
rent allowed  to  pass  tliirough  the  solution  several  hours.  When  a  sufficient 
amount  of  silver  had  separated  at  the  cathode,  the  stopcock  was  closed, 
the  cell  was  removed  from  the  thermostat  and  the  two  solutions  were 
filtered  through  glass  wool  into  two  100  cc.  flasks.  Each  arm  was  thor- 
oughly rinsed  several  times  and  the  wash  water  was  added  to  the  corre- 
sponding solution.  After  the  solutions  had  acquired  the  temperature 
of  the  room  they  were  diluted  to  100  cc.  and  analyzed  by  Volhard's  method. 
The  ammonium  thiocyanate  solutions  used  were  o.i  and  0.025  ^  ^^^  were 
standardized  against  a  corresponding  aqueous  solution  of  silver  nitrate. 
The  amount  of  silver  in  the  solution  was  compared  with  the  amount  orig- 
inally present. 

This  method  was  used  for  the  measurement  of  the  transport  numbers 
of  most  of  the  solutions  in  methyl  and  ethyl  alcohols.  The  analysis  of 
the  solution  from  the  cathode  chamber  seldom  gave  the  same  value  for 
the  transport  number  as  the  analysis  of  the  solution  from  the  anode  cham- 
ber. If  any  silver  peroxide  formed  on  the  anode,  the  amount  was  very 
slight  and  the  silver  separated  out  in  beautiful,  shiny  needles  on  the  cath- 
ode. By  taking  the  mean  of  the  two  values  so  obtained,  the  agreen^ent 
of  results  was  fairly  good. 

It  seemed  probable  that  the  cause  of  the  irregularity  observed  was  that 
the  unaltered  portion  of  the  solution  did  not  lie  midway  between  the  elec- 
trodes.   This  would  seem  logical  when  the  ions  do  not  share  equally  in 
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canying  the  current.  Sehltmdt^  found  that  in  the  case  of  solutions  ct 
silver  nitrate  in  pyridine  and  acetonitrik  the  unaltered  portion  or  ''middle 
layer'*  was  much  nearer  the  anode  than  the  cathode. 

This  experience  led  to  the  designing  of  the  form  of  apparatus  illustrated 
in  Fig.  3.  It  was  used  in  a  few  of  die  experiments  with  solutions  in  the 
alcohols  and  with  the  scdutions  in  pyridine.  The  apparatus  was  filled 
to  a  level  above  the  horizontal  connecting  tube  and  the  electrodes  were 
inserted.  The  stoppers  carrying  the  electrodes  had  a  slight  groove  cut 
on  one  side  to  allow  for  the  expansion  of  the  contents  of  the  cell,  but  in 
no  case  did  the  solution  come  in  contact  with  these  rubber  stoppers.  The 
outlet  tubes  of  the  two  arms  were  {MOtected  by  means  of  rubber  caps 
sealed  with  glass  rods.  The  apparatus  was  then  placed  in  the  thermostat 
and,  after  uniform  temperature  was  acquired,  connection  with  the  circuit 
was  made  as  in  the  previous  experiments. 

When  sufScient  silver  had  separated  on  the  cathode,  the  following 
method  was  adopted  to  ascertain  the  exact  position  of  the  "middle  layer,*' 
The  solution  was  drawn  from  the  anode  arm  into  three  or  four  tared  glass 
stoppered  weighing  bottles,  and  the  entire  solution  from  the  cathode  arm 
was  transferred  to  another  weighing  bottle.  These  portions  were  weighed 
and  their  content  of  silver  determined  by  Volhard's  method.  These 
values  were  then  compared  with  the  amount  of  silver  which  would  have 
been  present  if  the  solutions  had  maintained  their  original  concentration. 
If  there  was  a  gain  in  silver,  that  portion  was  considered  a  part  of  the 
solution  around  the  anode;  if  there  was  a  loss  in  silver,  that  portion  was 
considered  a  part  of  the  solution  around  the  cathode.  If  the  change  in 
the  amotmt  of  silver  present  was  less  than  1%,  that  portion  was  considered 
the  "middle  lay^r."  However,  the  amount  of  gain  was  added  to  the  value 
for  the  solution  around  the  anode  or  the  amount  of  loss  was  added  to  the 
value  for  the  solution  around  the  cathode. 

As  an  example,  let  us  consider  the  measurements  made  with  the  0.05  N 
solution  of  silver  nitrate  in  ethyl  alcohol. 

Wt.  of  Orig.  wt. 

aolutioo.  ol  MlYcr. 

1 9-2174  0.06206 

II 337880  0.02567 

III 3.0431  0.02063 

IV 9.173X  0.06229 

V 19.8476  0.13486 

Total  solution  in  anode  chamber 16.048  g* 

Transport  number  of  anion 0.613 

Total  solution  in  cathode  chamber 29.021  g. 

Transport  number  of  anion 0.593 

Mean,    0.603 
*  /.  Phys.  Chem.,  6,  159  (1902), 


Pinal  wt. 

Chance  in 

of  aily«r. 

sUyer. 

O.XOI47 

+0.03941 

0.02533 

+0.00034 

0.02045 

+0.00018 

0.05254 

—0.00975 

O.IQ598 

-0.02888 
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In  this  case,  it  is  quite  eVidmtthat  if  tlie  division  had  been  made  ex- 
actly in  the  middle  of  the  solution,  accurate  values  could  not  have  been 
obtained. 

Tables  VI  to  VIII  give  the  results  of  the  values  obtained  for  the  various 
solutions: 

m  —  concentration  of  the  solutions  (made  up  accurately  by  weight). 

t  =^  dtu'ation  of  the  experiment  in  hours. 

E  =  reading  of  the  milliammeter  in  milliamperes. 

A  =  the  transport  number  of  the  anion  (calculated  from  the  analysis 
of  the  solution  around  the  anode). 

C  ~  the  transport  number  of  the  anion  (calculated  from  the  analysis 
of  the  solution  around  the  cathode). 


TABts  VI.— SoirunoMB  IN  Btbtl  Aux>hol. 

AppMmtut.  M.  I.  E. 


Mean  of 


Jones  and  Basaett's o.i  4  3-4 

o.i  3  3-4 

0.1  5  3-4 

Jones  and  Bassett's 0.05  8  2 

0.05  10  2 

0.05  9  2 

Gibbons* 0.05  4V1 

Jones  and  Bassett's 0.04  10 

0.04  10 

Table  VII. — Solxttions  in  Msthtl  Alcohol. 

1 

Apparatus.                                  m.  I.  E,          A.            C.          Meaa. 

Gibbons' o.i  3  4-5    0.587    0.570    0.5785  1 

0.1  3  4-5    0.584    0.572    0.578    /' 

Jones  and  Bassctt's 0.1  3.5  5-8    0.765    0.571    0.668      0.617 

Jones  «KiB«sctt'. 0.07  3  5      0.637    0.607    0.6,7    | 

0.07  3  5      0.767     0.600    0.684    J 

Gibbons' 0.07  4  4-5    0.58050.568    0.574       0.574 

Jones  and  Bassett's 0.05  3  5-6    0.561     0.604    0.5825  \ 

0.05  3.5  5-*    0.572    0.587    0.5795/^^' 

Jones  and  Bassett's 0.04  3  5^ 

0.04  4  5.5 

0.04  4  5-5 

0.04  4  5,5 


0.578 


0.560 

0.572 

0.566 

0.616 

0.622 

0.619 

0.576 

0.572 

0.574 

0.573 

0.541 

0.557 

0.579 


Tablb  VIII. — Solutions  in  PYRmnm. 

Mean  of 
Apparatus.  m.  I.  E.  A.  C.  Mean.        series. 


Gibbons' 0.1  4  4-6  0.675  0.677  0.676 

O.I  4  4-6  0.699  0.701  0.700 

0.1  4  4-6  0.698  0.717  0.707 

Gibbons' 0.05  5  3-5  0.667  0.691  0.679 


0.694 
0.677 


0.05      4  3-5    0.656    0.697    0.676 
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Discussioii  of  Abore  Tables. 

Ethyl  Alcohol, — Since  the  differences  in  the  values  obtained  when  Jones 
and  Bassett's  apparatus  was  used  were  so  great,  only  the  vahie  obtained 
when  Getman  and  Gibbons*  apparatus  was  used  will  be  compared  with 
the  values  obtained  by  other  investigators. 

Methyl  Alcohol, — The  values  for  o.i  and  0.07  N  solutions  obtained  with 
Jones  and  Bassett's  apparatus  are  considered  much  less  accurate  than  the 
other  values  given  in  the  above  tables. 

Acetone, — ^Attempts  were  made  to  determine  experimentally  the  trans- 
port numbers  in  acetone  solutions,  but  the  maximum  concentration  that 
could  be  obtained  even  by  shaking  silver  nitrate  with  acetone  for  24  hrs. 
was  only  0.01  N  and  the  resistance  of  this  solution  was  so  great  that  the 
measurements  were  not  considered  trustworthy.  This  was  the  conclusion 
arrived  at  by  Jones  and  RouiUer^  in  their  work.  Roshdestwensky  and 
Lewis,  from  their  electromotive  force  measurements  of  concentration 
cells,  calculated  the  transport  number  for  the  anion  of  silver  nitrate  in 
acetone  as  0.60  to  0.58  for  dilutions  ranging  between  0.02  and  0,007  N, 
Jones  and  Rouiller  determined  the  transport  numbers  for  silver  nitrate 
in  mixtures  of  acetone  and  water.  By  extrapolation  from  the  curves 
obtained  by  plotting  their  results,  it  seems  probable  that  the  value  for 
a  o.oi  N  solution  in  pure  acetone  might  lie  between  0.60  and  0.62. 

Pyridine, — ^The  pyridine  solutions  could  not  be  analyzed  in  the  same 
way  as  an  aqueous  or  an  alcoholic  solution,  because  of  the  basic  and  solvent 
properties  of  the  pyridine.  Two  methods  of  eliminating  the  pyridine 
were  tried:  (i)  the  pyridine  was  neutralized  with  concentrated  nitric 
acid;  or  (2)  the  greater  part  of  the  pyridine  was  distilled  off  from  the 
solution  before  neutralizing  it.  The  mixture  of  silver  and  p3aidine  nitrates 
was  diluted  with  water  and  titrated  with  ammonitun  thiocyanate  solu- 
tion. The  first  method  was  less  troublesome  and  gave  fully  as  satisfac- 
tory results. 

Aniline, — ^The  analysis  of  the  aniline  scdutions  proved  to  be  an  in- 
surmountable obstacle  to  the  determination  of  the  transport  numbers 
in  that  solvent.    All  known  methods  were  found  to  be  impracticable. 

Comparison  of  the  Values  as  Given  by  Various  Investigators. 
Tabx«8  IX.--S0LUTIDN8  nr  Btrvl  Mjcobol, 


t\ 

m. 

A. 

loTestigAtor. 

20 

0.108 

0.594 

Mather 

25 

0.076-0.101 

0.5988 

Jones  and  Bassett 

25 

0.02 

0.616 

Rouiller 

25 

0.05 

0.603 

Gibbons 

*  Am.  Ch&m.  J.,  36,  475  (1906). 
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Table  X. — Solutidns  in  Mbthyl  Alcohol. 


I*. 

m. 

A. 

? 

? 

0.533 

Campetti 

25 

0.0093 

0.523 

Carrara 

25 

O.IO 

0.5797 

Jones  and  Bassett 

25 

0.02 

0.572 

Jones  and  Roniller 

25 

O.IO 

0.578 

Gibbons 

25 

0.07 

0.574 

Gibbons 

25 

0.05 

0.581 

Gibbons 

25 

0.04 

0.579 

Gibbons 

21 

O.I 

0.613 

Schlundt 

22 

0.025 

0.564 

Scfakmdt 

22 

0.025 

0.554 

Schlundt 

25 

O.I 

0.694 

Gibbons 

25 

0.05 

0.677 

Gibbons 

4.  Electromotbe  Force. 
'  The  electromotive  force  of  cells  of  the  following  t)rpes  was  studied: 

(i)  Ag  I  AgNO,,  Cone.  I  |  AgNO,,  Cone.  II  |  Ag, 

the  solvent  in  the  two  solutions  being  identical,  and 

(2)  Ag  I  AgNOj,  Aqueous  |  AgNOa,  Nonaqueous  |  *  Ag, 

the  solvents  being  different  but  the  concentrations  being  identical.  The 
more  concentrated  solutions  were  all  made  up  at  room,  temperature  by 
direct  weighing.  The  dilutions  were  made  from  these  by  means  of  care- 
fully calibrated  burets  and  flasks.  The  solutions  were  kept  in  the  dark, 
and  in  no  case  was  there  more  than  a  very  slight  tendency  to  turn  brown, 
even  when  left  standing  several  weeks. 

The  compensation  method  of  Poggendorff  was  employed,  an  enclosed 
type  of  Lippmann  electrometer  being  used  as  a  zero  instrument.  Measure- 
ments with  this  instrument  were  correct  to  one  millivolt,  except  when  the 
poor  conductance  of  the  solutions  or  other  disturbing  factors  introduced 
a  larger  error.  The  experimental  cell  was  balanced  against  a  chloride 
accumulator  as  a  source  of  potential.  The  electromotive  force  of  this 
cell  was  determined  by  means  of  a  certified  Weston  Standard  Element, 
before  and  after  each  measurement  of  the  experimental  cell.  The  elec- 
tromotive force  of  this 
Standard  Element  was 
1.01948  volts  at  25**. 

The  experimental  cell,  il- 
lustrated in  Fig.  4,  con- 
sisted of  two  parts  con- 
nected by  means  of  a  tight- 
fitting  piece  of  rubber  tub- 
ing. During  an  experiment, 
the  stopcock  S,  of  fairly 
large  bore,  was  kept  dosed,  P^*  4« 


H 
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except  while  the  measuremeiits  were  actually  being  made.  The  electrodes 
were  made  of  pure  silver  wire  sealed  to  a  stout  piece  of  platinum  wire, 
which,  in  ttun,  was  sealed  into  a  glass  supporting  tube  and  protected  by 
fusion  glass.  The  electrical  connections  were  made  through  mercury 
placed  in  these  glass  tubes. 

At  first,  some  difficulty  was  experienced  in  obtaining  constant  values 
for  the  electromotive  force  of  a  given  concentration  cell,  but  by  adopting 
the  following  method  of  procedure  the  electromotive  force  remained 
constant  for  at  least  30  min.  after  contact  between  the  two  solutions  had 
been  made.  The  two  half-cells  were  connected  together  at  C  and  with 
the  two  stopcocks  5  and  S'  closed,  the  two  solutions  were  poured  into  the 
cell  until  they  were  at  the  same  level  on  each  side,  the  denser  solution  being 
always  put  into  the  half-cell  R,  When  the  electrodes  had  been  inserted 
and  the  clamps  T  and  T'  closed,  the  cell  was  supported  in  the  thermostat 
and  allowed  to  stand  25-30  min.  in  order  to  acquire  a  uniform  tempera- 
ture. Connection  with  the  drcuit  was  then  established  and  the  contact 
between  the  two  solutions  made  as  follows.  The  stc^KXxdc  S'  and  damp 
T'  were  opened  and,  by  gently  blowing  into  a  pipet  inserted  at  T',  the 
denser  solution  in  R  was  forced  up  to  the  base  of  the  tube  carrying  the 
stopcock  S'.  The  clamp  T'  was  then  closed  and  the  stopcock  S  and  clamp 
T  were  opened.  By  blowing  very  gently  into  a  pipet  inserted  at  T^ 
the  solution  in  L  was  brought  into  contact  with  the  first  solution.  The 
stopcocks  5  and  S'  and  the  damp  T  were  then  dosed.  A  measurement 
of  the  electromotive  force  was  made  at  once.  The  stopcock  S  was  opened 
just  long  enough  to  determine  the  point  of  balance  on  the  bridge  wire. 

Tabi^  XII. 


mi. 

mi. 

£. 

K. 

mi. 

mi. 

B. 

K, 

Solutions  in 

Ethyl  Alcohol 

Sdutionsin 

0.1 

O.OI 

0.0408 

0.0591 

O.OI 

0.003 

0.0293 

0.0601 

0.1 

0.003 

0.0650 

0.0587 

O.OI 

O.OOI 

0.0537 

0.0630 

0. 1 

O.OOI 

0.0922 

0.0619 

O.OI 

0.0003 

0.0816 

0.0665 

0.1 

0.0003 

0.1297 

0.0658 

O.OI 

O.OOOI 

0.1212 

0.0771 

0.1 

O.OOOI 

0.1648 

0.0680 

Sohitions  in  Aniline. 

O.OI 

0.003 

0.0276 

0.0640 

O.I 

O.OI 

0.0373 

0.0285 

O.OI 

O.OOI 

0.0538 

0.0657 

O.I 

0.003 

0.0548 

O.Q32I 

O.OI 

0.0003 

0.0858 

0.0670 

Solutions  in 

P3rridinc. 

O.OI 

O.OOOI 

0.1169 

0.0674 

o.i- 

O.OI 

0.0368 

0.0425 

Solutions  in 

Methyl  Alcohol. 

0.1 

0.003 

0.0592 

0.0460 

0.1 

O.OI 

0.0462 

0.0636 

O.I 

O.OOI 

0.0831 

0.0500 

0.1 

0.003 

0.0746 

0.0639 

0.1 

0.0003 

0.H05 

0.0577 

0.1 

O.OOI 

0.1008 

0.0626 

O.I 

O.OOOI 

0.1375 

0.0544 

0.1 

0.0003 

0.1358 

0.0634 

O.I 

0.00006 

0.1532 

0.0560 

0.1 

O.OOOI 

0.1719 

0.0637 

O.OI 

0.003 

0.0207 

0.0502 

O.OI 

0.003 

0.0264 

0.0600 

O.OI 

O.OOI 

0.0437 

0.0549 

O.OI 

O.OOI 

0.0591 

0.0670 

O.OI 

0.0003 

0.0723 

0.0587 

O.OI 

0.0003 

0.0934 

0.0675 

0.01 

O.OOOI 

0.0978 

0.0588 

0.01 

O.OOOI 

0.1337 

0.0677 

O.OI 

0.00006 

O.1179 

0.0630 
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Two  other  readings  were  made  at  intervals  of  ten  minutes.  The  elec- 
tromotive forces  calculated  from  these  three  bridge  readings  seldom  varied 
from  the  mean  value  by  more  than  one-  or  two-tenths  of  a  millivolt. 
The  results  of  the  measurements  are  given  in  Table  XII.  The  constant 
K  was  calculated  from  the  Nemst  formula,  written  in  the  following  form. 
The  value  of  the  transport  number  was  assumed  not  to  vary  appreciably 
with  the  concentration: 

""  logio  miAi/fffiAi  ^^ 

When  it  was  assumed  that  the  observed  values  of  the  transport  numbers 
were  correct,  and  that  they  did  not  vary  appreciably  with  the  dilution, 
the  values  for  E  calculated  for  the  different  cells  showed,  in  no  case,  very 
close  agreement  with  those  observed. 

In  Table  XIII  the  calculated  and  observed  values  for  the  transport 
number  (n)  of  the  anion  of  silver  nitrate  in  the  various  solvents  are  given. 
(n)  is  calculated  from  the  formula 

V  E 


n  = 


(6) 


u  +  v       2  X  0.0595  logio  (mtAi/wfeA*) 
and  the  observed  value  is  in  each  case  the  mean  of  the  value  given  in  Tables 
IX-XI,  excluding  those  found  by  Campetti  and  Carnu-a. 

Tabub  XIII. 

MI.  mt.  n  Calc.  n  Oba. 


Solutions  in  Bthyl  Akohol. 


0.1 

O.OI 

0.496 

O.I 

0.003 

0.493 

O.I 

O.OOI 

0.520 

O.I 

0.0003 

0.553 

O.I 

O.OOOI 

0.571 

O.OI 

0.003 

0.557 

O.OI 

O.OOI 

0.565 

O.OI 

0.0003 

0.567 

0.01 

O.OOOI 

0.566 

Solutions  hi  Methyl  Al 

0.1 

O.OI 

0.534 

O.I 

0.003 

0.537 

o.i 

O.OOI 

0.536 

o.i 

0.0003 

0.533 

o.i 

O.OOOI 

0.535 

O.OI 

0.003 

0.504 

O.OI 

O.OOI 

0.563 

O.OI 

0.0003 

0.554 

O.OI 

O.OOOI 

0.569 

0.603 


0.577 


Ml. 

Mt. 

fiCttlc. 

Solutions  in 

Acetone. 

0.01 

p.003 

0.505 

O.OI 

O.OOI 

0.541 

O.OI 

0.0003 

0.559 

O.OI 

O.OOOI 

0.647 

Solutions  m  Aniline. 

O.I 

O.OI 

0.239 

O.I 

0.003 

0.490 

Solutions  in 

Pyridine. 

O.I 

O.OI 

0.357 

O.I 

0.003 

0.390 

O.I 

O.OOI 

0.420 

O.I 

O.OOQ3 

0.443 

O.I 

O.OOOI 

0.457 

O.I 

0.00006 

0.471 

O.OI 

0.003 

0.422 

O.OI 

O.OOI 

0.461 

O.OI 

O.OOQ3 

0.493 

O.OJ 

0.0001 

0.494 

O.OI 

0.00006 

0.529 

fiObs. 


O.62I 


0.620 


The  electromotive  forces  of  the  combinations 

Ag  I  0.1  N  AgNQs  in  water  |  o.i  N  AgNOa  in  solvent  11 
^  This  value  is  extrapolated. 


Ag 
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were  measured  and  the  results  are  tabulated  below.  The  first  column 
designates  the  nature  of  the  solvent  II,  £  the  observed  potential,  £1 
the  electrode  potential  in  the  aqueous  solution,  £1  the  potential  at  the 
junction  between  the  two  liquids  which  is  calculated  according  to  Cum- 
ming's  formula  given  on  page  1636,  and  £«  is  the  electrode  potential  in 
solution  II.  The  electrode  potentials  asne  referred  to  that  of  the  hydrogen 
electrode  as  zero.  The  electrode  potential  £1  in  aqueous  solution  is  cal- 
culated by  means  of  the  formula  E  =  Ep  —  0.0595  log  m,  in  which  the 
value  of  Ep  is  taken  as  0.798  volt. 

Tabls  XIV. 

Solvent  II.  B.  Bi.  Bt,  St. 

Ethyl  alcohol -fo.  1004  +0.7331  -fo. 00217  4-0.8314 

Methyl  alcohol +0 .  0967  -fo .  733 1  — o  .00005  +0 .  8298 

Acetone +0.1712  +0.7331  +0.00202  +0.9022 

Aniline — 0.2559  +0.7331              

Pjrridine — 0.3618  +0.7331  — 0.00017  +0.3711 

5.  Discussion  of  Results. 

An  inspection  of  Figs,  i  and  2  brings  to  light  certain  differences  between 
the  conductance  curves  for  nonaqueous  scdutions  and  the  curve  for  aqueous 
solutions  of  silver  nitrate.  Considering  the  latter  to  represent  a  normal 
curve  of  conductance,  the  curves  for  nonaqueous  solutions  present  certain 
abnormalities.  This  abnormaUty  is  most  clearly  shown  in  the  curve  for 
solutions  in  aniline  and  less  clearly  in  the  curves  for  solutions  in  acetone 
and  pyridine.  The  curve  for  solutions  in  ethyl  alcohol  is  quite  similar 
to  that  for  solutions  in  water,  except  that  in  the  more  concentrated  region 
it  appears  somewhat  flatter;  while  the  curve  for  solutions  in  methyl  al- 
cohol shows  a  tendency  to  pass  through  a  maximum  in  the  more  dilute 
regions. 

In  seeking  a  cause  for  these  abnormaUties  it  is  important  to  consider 
the  determination  of  the  molecular  weight  of  silver  nitrate  in  these  sol- 
vents. In  certain  cases,  at  the  temperature  of  the  boiling  solvent,  there 
is  considerable  interaction  between  the  solvent  and  the  salt,  which  renders 
the  determination  of  the  molecular  weight  extremely  diflBicult.  This 
is  especially  true  when  aniline  is  the  solvent  and  true  to  a  lesser  degree 
in  the  other  solvents.  It  is,  however,  a  well  known  fact  that  these  liquids 
show  a  great  tendency  to  combine  with  the  ions  and  that  there  are  also 
present  in  such  solutions  polymerized  molectdes  of  the  dissolved  salt. 
Jones^  showed  that  sodium  iodide,  cadmium  iodide,  and  ammonium  thio- 
cyanate  were  polymerized  to  an  appreciable  extent  when  in  solution  in 
acetone.  It  has  been  shown  by  many  investigators  that  in  solutions  in 
ethyl  and  methyl  alcohol  the  solute  frequently  exists  in  a  polymeric  state. 
^  Am.  Chem.  J.,  2%  16  (1902}. 
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Getman  and  Gibbons*  have  shown  this  to  be  the  case  for  zinc  chloride. 
The  molecular  weight  of  silver  nitrate  in  pyridine,  as  determined  by  Wemer- 
Smujlow,'  is  165.42  (mean  value  of  series  ranging  from  160.02-169.82) 
but,  as  determined  by  Speransky  and  Goldberg,'  it  is  207.5  (mean  value 
of  series  ranging  from  199-210).  This  latter  result  was  confirmed  by 
Schroeder*  who  found  the  molecular  weight  to  be  203.6  (mean  value  of 
series  ranging  from  186-214).  By  studying  the  equilibriiun  of  the  system, 
silver  nitrate  in  pyridine  from  — 65°  to  +110®,  Kahlenberg  and  Brewer* 
discovered  that  these  substances  combine  to  form  definite  compounds 
at  different  temperatures  and  that,  between  — 24**  and  +48.5**,  the  solid 
phase  had  the  composition  AgNOLsCsHsN,  while  above  yg°  there  was  no 
combination  of  the  two  ^bstances,  pure  silver  nitrate  being  in  equilibrium 
with  the  solvent.  This  shows  clearly  that  the  mokcular  complexity  of 
the  solute  at  25°  would  be  even  greater  than  at  II5^  the  boiling  point 
of  pyridine. 

That  there  is  a  possibility  of  three  different  reactions  taking  place  in 
solution  where  sudi  complexes  exist  was  discussed  by  Sachanov.'  The 
complexes  C„  may  decompose  into  simpler  mdecules,  or  they  may  ionize 
to  form  complex  ions,  or  the  simple  molecules  may  ionize  to  form  simple 
ions.    These  reactions  can  be  represented  as  follows: 

C    -^A  +  K, 

where  A^  and  K'  denote  the  complex  anion  and  cation,  and  A  and  K 
denote  the  simple  anion  and  cation.  The  first  two  equations  would  hold 
true  whether  the  complex  was  a  polymerized  molecule  of  the  solute  or 
a  compound  of  solute  and  solvent.  Walden^  considers  that  ionization 
is  caused  and  induced  by  the  process  of  disaggregation  of  the  polymerized 
salt  molecules.  In  case  the  solvent  has  a  high  dielectric  constant,  this 
depolymerization  into  simple  ions  will  be  abrupt,  and  in  a  solvent  with  a 
low  dielectric  constant  this  change  will  be  more  gradual  or  the  effect  of 
the  complexes  will  be  more  marked  and  prolonged.  Arranging  these 
solvents  in  the  order  of  their  dielectric  constants,  we  see  that  the  degree 
of  the  abnormality  of  the  conductance  curves  follows  practically  the  same 
order.    This  is  shown  in  the  following  tabulation : 

^  Am.  Chem.  J.,  48,  134  (1912). 

*  Z.  anorg.  Chem.,  15,  18  (1897). 

'  2.  physik.  Chem.,  39,  569  (1902). 

*  Z.  anorg.  Chem.,  44,  30  (1905). 
»  /.  Phys.  Chem.,  12,  283  (1908). 

*  Z.  physih.  Chem.,  83,  129  (1913)- 
^  Tm&  JouxNAL,  3S>  1649  (1913). 


Digitized  by  VjOOQIC 


1650  VBRN0TTK  Ir.   GIBBONS  AND  F.  H.  G^TMAN. 

Solvent.  D.  C. 

Water 81.  i 

Methyl  alcohol 31 .2 

Ethyl  alcohol 25.8 

Acetone 21 .5 

P3nidhic 12.4 

Aniline 6 .  85 

Sachanov  and  Prscheborowsky^  investigated  the  conductance  of  various 
electrolytes  in  six  different  solvents  of  very  small  dielectric  constants. 
Many  electrolytes  showed  maxima  in  very  concentrated  solutions,  but 
in  no  case  was  a  minimum  observed.  They  concluded  that  this  might 
be  due  to  the  very  small  dielectric  constant  of  the  solvent. 

The  diminution  in  conductance  with  increasing  molar  concentration, 
as  shown  by  extremely  concentrated  soluticms  of  silver  nitrate  in  aniline, 
has  been  ascribed  by  Kraus'  to  the  influence  of  the  increasing  viscosity 
of  the  solutions.  Sachanov  has  shown'  that,  if  the  equivalent  conductance 
A  is  multiplied  by  the  ratio  of  the  viscosity  of  the  solution  to  that  of  the 
solvent,  17  Viy,  values  are  obtained  which  correspond  to  A  for  solutions  where 
the  two  viscosities  are  approximately  equal. 

As  the  temperature  is  increased  the  abnormalities  in  a  conductance 
curve  diminish.  Jones  and  his  co-workers^  clearly  stated  the  relations  be- 
tween the  temperature  and  the  conductance  of  an  electrolyte  in  an  aqueous 
solution.  They  showed  that  (i)  the  temperattu'e  coefficient  of  con- 
ductance of  aqueous  solutions  of  electrolytes  is  greats  the  greater  the 
hydrating  power  of  the  electrolyte,  that  (2)  the  temperature  coefficients 
of  conductance  for  any  given  electrolyte  increase  with  the  dilution  of  the 
solution  and  this  increase  is  greatest  for  those  substances  with  large  hy- 
drating power.  These  two  statements  led  to  the  conclusion  that  the 
decreasing  complexity  of  the  hydrates  with  rise  of  temperature  is  a  very 
important  factor  in  conditioning  the  large  temperature  coefficients  of 
conductance  shown  by  those  substances  which  have  a  large  hydrating 
power.  It  would  seem  that  the  abnormalities  observed  in  nonaqueous 
solutions  might  also  be  explained  in  a  similar  way. 

The  values  of  the  transport  numbers  calculated  from  the  electromotive 
force  measurements  of  concentration  cells  are  quite  different  from  those 
obtained  experimentally.  In  all  cases  the  experimental  values  are  the 
larger.  The  direct  measurement  could  only  be  carried  out  with  solutions 
of  fairly  large  concentrations  (not  less  than  0.02  N).  It  can  be  seen  that 
the  values  calculated  for  the  extremely  dilute  solutions  approach  more 
nearly  the  experimental  values.  The  transport  numbers,  in  all  the  sol- 
1  Z.  Eiektrochem.,  20,  39  (1914). 
'  Tms  JouRNAi,,  36,  60  (19 14). 

*  Z.  pkysik.  Chem.,  83,  129  (1913). 

♦  "Hydrates  in  Aqueous  Solution/'  PM.  Camsgie  Inst.,  6o»  pp.  156-7  (1907). 
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vents  for  which  experimental  or  calculated  data  could  be  obtained,  show 
an  increase  in  the  value  for  the  anion  with  increasing  dilution,  with  the 
exception  of  the  experimental  values  for  solution  in  pyridine  where  the 
opposite  effect  is  apparent.  The  values  for  solutions  in  methyl  alcohol 
show  a  much  greater  degree  of  uniformity  for  calculated  and  observed 
values  as  well  as  much  better  agreement  between  the  two  series.  In  the 
determination  of  the  triansport  munbers  it  was  observed  that  the  "middle 
layer"  did  not  lie  midway  between  the  electrodes.  If  one  examines  the 
experimental  data  of  Schlundt^  for  a  solution  of  silver  nitrate  in  pyridine, 
one  notices  this  same  fact.  He  found  a  "middle  layer"  less  than  one- 
third  the  distance  from  the  anode.  The  middle  layer  for  the  alcoholic 
solutions  was  situated  much  nearer  the  median  line  of  the  cell.  It  has 
been  proved  by  Kahlenberg  and  Brewer*  that  pyridine  and  silver  nitrate 
combine  at  ordinary  temperatures  to  form  complex  molecules,  and  Mor- 
gan and  Kanolt'  found  that  in  a  mixture  of  water  and  p3rridine  a  large 
proportion  of  the  p3rridine  traveled  with  the  silver  ions  to  the  cathode. 
LeBlanc,  in  his  "Textbook  of  Blectrochemistry"  (page  76),  calls  atten- 
tion to  Kohlrausch's  discovery  that,  with  monatomic  univalent  ions, 
the  transport  numbers  of  all  solutes  in  aqueous  solutions  approach  the 
value  0.50  with  increasing  temperature.  He  states  that  at  the  same  time 
the  difference  in  mobility  of  the  two  ions  in  each  case  actually  increases. 

The  greatest  shifting  of  the  "middle  layer"  was  observed  when  pyridine 
was  used  as  the  solvent  for  the  silver  nitrate  and  definite  compounds  of 
solvent  and  solute  are  known  to  exist  in  such  solutions.  If  the  cation 
carries  with  it  a  part  of  the  solvent,  the  concentration  of  the  silver  in  the 
cathode  chamber  will  be  abnormally  low  and  a  corresponding  increase 
will  be  observed  in  the  anode  chamber.  It  seems  probable  that  the  move- 
ment of  the  solvent  with  the  cation  causes  the  shifting  of  the  "middle 
layer  "  toward  the  anode.  If  the  solvent  moves  with  the  anion,  the  "  middle 
layer"  should  then  shift  toward  the  cathode.  These  ionic  complexes 
break  down  more  or  less  completely  with  increasing  temperature  and  cause 
the  transport  numbers  to  approach  a  Umiting  value  in  aqueous  solutions. 
Probably,  when  suJBScient  experimental  data  has  been  accumulated,  it 
will  be  found  that  the  transport  numbers  in  nonaqueous  solutions  approach 
similar  limiting  values. 

If  the  transport  numbers  do  not  increase  with  the  dilution  of  the  solu- 
tion, K  as  calculated  in  Table  XII  should  have  a  constant  value,  but  it 
is  only  in  the  case  of  solutions  in  methyl  alcohol  that  K  has  an  even  ap- 
proximate constancy.  In  the  four  other  solvents,  K  increases  steadily 
in  value  with  the  increasing  difference  in  the  concentration  of  the  solutions 

*  /.  Phys,  Chem.,  6,  159  (1902). 

*Ihid.,  12,283  (1908}. 

'  Z.  phystk.  Chem.,  48,  365  (1904) ;  This  Journai«,  aS,  572  (1906). 
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in  the  cell.  Likewise,  the  values  of  the  transport  ntunbers  calculated  in 
Table  XIII,  show  a  steady  increase  with  the  changing  difference  of 
concentration  in  the  cell.  Both  of  these  phenomena  may  be  due  to  the 
same  cause.  The  degree  of  the  dissodation  of  the  conducting  complexes 
into  simple  ions  will  increase  as  the  solution  is  diluted.  In  the  more  con- 
centrated solutions  the  molar  concentration  is  not  correctly  given  by  the 
weight  of  silver  nitrate  in  a  given  volume  of  solution,  hence  mA  is  the  true 
value  of  the  ionic  concentration  only  in  dilute  solutions.  The  change  in 
value  of  this  factor  would  cause  an  increase  in  the  computed  value  for 
both  n  and  iC  (as  is  shown  by  Equations  (5)  and  (6)).  The  £act  that  this 
abnormality  is  greatest  in  the  case  of  aniline,  and  p3aidine,  where  the  effect 
of  the  complexes  is  most  clearly  shown  in  the  conductance  curve,  seems 
to  substantiate  this  view.  The  Nemst  equation,  therefore,  is  not  a 
true  expression  of  all  the  factors  which  determine  the  difference  of  poten- 
tial in  these  concentration  cells. 

In  comparing  the  electromotive  forces  found  when  an  aqueous  sc^ution 
was  joined  to  a  nonaqueous  solution  of  the  same  concentration,  it  is  at 
once  noticed  that,  whereas  the  solutions  in  the  alcohols  and  acetone  are 
positive  toward  the  aqueous  solution,  the  solutions  in  aniline  and  pyridine 
are  negative  toward  the  aqueous  sohition.  The  value  obtained  by  Is- 
garischew^  for  the  electrode  potential  of  silver  in  solutions  at  silver  nitrate 
in  methyl  alcohol  is  slightly  greater  than  the  one  given  in  Table  XIV; 
but  he  used  the  Henderson  formula  for  calculating  the  potential  at  the 
junction  of  the  two  liquids  and  this  involved  the  use  of  A  09  which  is  by 
no  means  surely  established.  The  value  here  given,  therefore,  seems 
more  probable,  since  only  experimental  data  were  used  in  this^calculation. 

6.  Summaxy. 

The  results  obtained  may  be  summarized  as  follows: 

1.  Conductance  measurements  of  solutions  of  silver  nitrate  in  ethyl 
alcohol,  methyl  alcohol,  acetone,  aniline  and  p)rridine  have  been  made 
for  concentrations  ranging  between  o.i  and  o.oooi  A^.  It  has  been  shown 
that  the  conductance  curve  for  solutions  in  aniline  approaches  a  second 
maximum  as  the  solutions  become  more  dilute.  It  has  also  been  shown 
that  there  is  a  relationship  between  the  dielectric  constant  and  the  ab- 
normalities of  all  the  conductance  ciuves. 

2.  The  transport  numbers  of  silver  nitrate  in  ethyl  alcohol,  methyl 
alcohol  and  pyridine  have  been  determined  experimentally. 

3.  Measurements  of  the  electromotive  force  have  been  made  for  a  large 
number  of  concentration  cells  in  the  various  solvents,  an  apparatus  being 
used  which  is  free  from  defects  due  to  capillarity  and  constant  communica- 
tion of  the  two  liquids. 

>  Z.  EleJUrochem.,  x^  491  (1913). 
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4.  Values  for  the  electrode  potential  of  silver  in  the  various  solvents 
have  been  calculated. 

5.  The  experimental  data  seem  to  prove  that  the  abnormalities  ob- 
served in  nonaqueous  solutions  of  silver  nitrate  are  due  to  the  combination 
of  the  solvent  and  the  solute  to  form  complex  compounds  which  dissociate 
more  or  less  gradually. 
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and  valency  and  to  attempt  to  explain  oertain  phenomena  by  means  of  it. 

The  main  featm'es  of  the  theory  were  conceived  about  ten  years  ago, 
and  have  been  in  process  of  development  and  extension  since  that  time. 
Recently,  however,  some  papers  have  appeared  which  contain  ideas 
somewhat  similar  to  my  own.  Among  these  was  a  paper  by  Sir  William 
Ramsay,^  in  which  he  advanced  the  view  that  an  electron  may  serve  as 
a  bond  between  the  atoms  in  a  compound,  and  that  the  electron  bdiaves 
like  an  atom  of  an  element.  On  this  basis  he  gave  explanations  of  certain 
chemical  and  electrochemical  phenomena. 

Practically  the  same  idea  has  been  used  by  P.  Achalme,'  to  explain  the 
formation  of  neutral  molecules  at  the  electrodes  during  electrolysis,  and 
to  show  the  mechanism  of  one  type  of  gaseous  ionization. 

I  have,  therefore,  ventured  to  present  my  views  at  this  time  with  a 
feeling  that  they  are  in  harmony  with  the  present  trend  of  scientific  spec- 
ulation. 

Any  theory  of  the  nature  of  valency,  or  of  the  forces  which  hold  atoms 
together  in  a  molecule,  should  explain  a  number  of  facts,  such  as  are  here 
briefly  summarized  : 

1.  The  combination  of  a  "positive  element"  and  a  ''negative  element," 
to  produce  a  stable  compound. 

2.  The  imion  of  two  atoms  of  a  "positive"  element,  such  as  hydrogen, 
with  each  other,  or  the  combination  of  two  atoms  of  a  * 'negative  element," 
such  as  chlorine,  with  each  other. 

3.  The  formation  of  double  salts  and  salts  with  water  of  crystallization. 

4.  The  existence  of  monatomic  molecules. 

5.  The  absence  of  chemical  affinity  in  the  gases  of  the  helium  group. 

6.  Ionization  and  conduction  in  gases. 

7.  The  mechanism  of  chemical  reactions. 

8.  The  phenomena  of  electrolysis  and  dissociation. 

Valency  is  ordinarily  assumed  to  be  a  property  of  free  atoms;  that  is> 
we  say  the  hydrogen  atom  is  univalent,  or  that  the  aluminium  atom  is 
trivalent;  but  it  seems  to  me  more  logical  to  consider  valency  as  a  property 
of  atoms  in  a  state  of  combination,  since  we  know  very  little  about  free 
atoms,  except  in  the  case  of  the  monatomic  gases. 

For  example,  in  considering  the  combination  of  hydrogen  and  chlorine, 
we  should  attempt  to  find  an  explanation,  not  for  the  union  of  atoms  d 
hydrogen  and  dilorine,  but  for  the  existence  and  stability  of  the  mobcuUs 
of  these  elements,  and  for  reactions  which  take  place  between  the  molecttks. 
The  meaning  of  this  statement  will  become  clearer  after  the  explanation 
of  the  theory  has  been  read. 

1  Trans.  Chem,  Soc.,  93, 1,  774  (1908). 
*  Compt.  Rend.,  134,  647  (19121). 
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Historical  and  Critical. 

The  history  of  the  electron  conception  of  valency  really  began  with  the 
attempts  of  Davy  and  of  Berzelius  to  explain  chemical  affinity  by  assuming 
that  electric  charges  were  associated  with  the  atoms.  This  theory  re- 
quired that  the  atom  of  a  given  element  should  possess  a  charge  of  the  same 
sign  in  all  its  compotmds,  but  when  it  was  discovered  that  a  great  many 
compounds  could  be  made,  whose  very  existence  would  seem  to  be  con- 
trary to  these  views,  the  theory  of  Berzelius,  in  its  original  form,  lost  the 
enthusiastic  support  which  it  had  received  at  first. 

The  development  of  the  electron  theory  has  recently  led  to  a  revival  of 
the  views  of  BerzeHus  in  a  modified  form.  J.  J.  Thomson^  has  advanced 
the  idea  that  an  atom  is  a  system  of  revolving  electrons,  of  greater  or  less 
stability,  capable  of  gaining  or  losing  a  certain  number  of  electrons  without 
sensibly  changing  its  configuration.  He  uses  the  terms  "positive  valency" 
and  "negative  valency,"  and  explains  positive  valency  as  the  abiUty  of  an 
atom  to  lose  electrons,  and  negative  valency  as  the  power  to  gain  electrons. 
He  regards  the  combination  between  two  atoms  as  involving  a  permanent 
transfer  of  one  or  more  electrons  from  one  atom  to  the  o^er,  the  atom 
which  gains  electrons  becoming  negative,  while  the  one  which  loses  electrons 
beconies  positive.  The  direction  of  the  electric  force  between  two  atoms 
in  a  compound  will  then  depend  upon  the  direction  in  which  the  transfer 
has  taken  place.  This  assumption  requires,  as  J.  J.  Thomson  points  out, 
that  the  bond  should  have  direction. 

Thomson's  conception  of  valency  as  a  vector  phenomenon  has  been 
developed  at  considerable  length  by  Falk  and  Nelson,*  and  by  Fry*  in 
connection  with  some  organic  compounds  and  reactions. 

Thomson,  and  also  Falk  and  Nelson,  take  some  hypothetical  free  atoms, 
having  no  charges,  then  proceed  to  combine  them  and  assume  that  an 
electron  is  permanently  transferred.  This  would  seem  to  be  an  inverted 
method  of  constructing  a  theory.  We  deal  almost  entirely  with  molecules, 
and  know  very  little  about  free  atoms,  certainly  not  enough  to  postulate 
the  existence  of  uncharged  free  atoms  of  elements  like  hydrogen  and 
chlorine.  The  idea  that  a  bond  is  formed  by  the  permanent  transfer  of 
an  electron,  involves  numerous  difficulties,  one  of  which  is  that  the  separate 
atoms  in  a  compound  should  be  charged.  I  know  of  no  experimental 
evidence  showing  that  pcM-tions  of  a  saturated  molecule  are  charged 
differently.  The  fact  that  many  substances  can  be  dissociated  into  op- 
podtdy  diarged  atoms  or  groups  does  not  prove  that  these  atoms  or  groups 
are  permanently  charged  in  the  same  way  when  in  the  undissodated 
compotmd. 

*  "Corpuscular  Theory  of  Matter." 

*  School  of  Mines  Quarterly,  Columbia  Univ.,  33,  179,  980;  This  Jouknai^,  33,  1637 
(1910). 

'  Tms  JouKNAi«,  36^  248  and  262  (1914); 
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There  is  a  difficulty  in  accounting,  on  the  basis  of  Thomson's  theory, 
for  the  existence  of  a  hydrogen  molecule  made  up  of  two  positive  atoms, 
or  of  a  chlorine  molecule  with  two  negative  atoms,  and  it  is  hard  to  see 
why  two  neutral  atoms  or  two  atoms  having  equal  valency  of  the  same  sign 
should  combine  to  form  a  stable  molecule.  In  general,  it  seems  as  though 
binary  elementaty  molecules  should  be  incapable  of  existence  on  the  basis 
of  this  theory. 

Bray  and  Branch^  find  difficulties  in  the  application  of  Falk  and  Nelson's 
conception  of  valency  and  introduce  the  ideas  of  polar  and  non-polar 
valency  according  to  which  an  "electron  passes  completely  or  does  not 
pass  from  one  atom  to  the  other." 

Lewis*  adopts  their  terms  "valence  number"  and  "polar  number,"  the 
former  a  pure  integer,  the  latter  a  positive  or  negative  integer,  and  assumes 
three  types  of  chemical  compound ;  the  polar  type,  in  which  the  electrons 
occupy  fixed  positions  within  the  atom;  the  non-polar  type,  in  which  the 
electrons  move  freely  from  atom  to  atom  within  the  molecule;  and  the 
metallic  type,  in  which  the  electron  is  free  to  move  even  outside  the  mole- 
cule. He  criticizes  the  structural  formulas  of  Falk  and  Nelson  and  of 
Bray  and  Branch,  showing  that,  in  certain  cases  such  as 

H  — >  O  l^I^  O  -^—  H, 
they  either  have  no  meaning  or  that  the  atoms  are  not  bonded  together 
where  the  arrows  have  opposite  directions. 

Some  of  the  objections  to  Thomson's  theory  and  Falk  and  Nelson's 
extension  of  it  have  been  outlined  in  a  recent  article  by  Bates.' 

Stark's  theory^  like  Ramsay's,  assumes  that  chemical  combination 
between  two  atoms  represents  "a  simultaneous  attraction  of  both  atoms 
for  the  same  electron,  which  thus  forms  a  bond  between  them."  He 
supposes  that  a  monovalent  electropositive  atom  can  be  neutralized  by  a 
single  valence-electron  which  is  at  an  appreciable  distance  from  the  atom. 
The  objection  to  this  view  is  that  it  assumes  that  monovalent  atoms  in 
the  free  state  may  be  neutral,  whereas,  to  my  knowledge,  this  has  never 
been  shown  to  be  the  case. 

Outline  of  the  Theory. 

(a)  Structure  of  Molecules. — Regarding  molecules  and  atoms  as  systems 
of  moving  electrons,  I  shall  treat  valency  as  a  consequence  of  the  relative 
stability  of  these  systems.  An  attempt  will  be  made  to  apply  the  thtory 
to  explain  certain  phenomena,  and  to  show  that  it  is  consisteat  with  the 
observed  facts. 

Considering  the  simple  case  of  a  binary  molecule  in  which  the  atoms  axe 
^  This  Journal,  35, 1440  (1913). 
^Ibid.,  1448  (1913). 
'  Tbis  Journal,  36,  789  (1914}. 
*  Campbell's  Modem  Elect.  Theory,  2nd.  Ed.,  March,  1913. 
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monovalent,  the  theory  supposes  that  the  molecule  is  a  stable  system 
composed  in  turn  of  two  systems  or  sub-groups  of  moving  electrons  which 
we  call  atoms,  the  d3rnamic  equilibrium  being  such  that  one  electron 
oscillates  periodically  from  one  system  to  the  other,  and  is  common  to 
both  systems,  neither  of  which  is  complete  in  itself.  This  oscillating 
electron  I  shall  call  the  valence-electron,  since  this  term  has  come  into  use. 

Although  I  speak  of  the  valence-electron  as  oscillating,  it  might  have 
any  kind  of  motion  such  as  revolution  in  an  orbit  or  motion  in  a  complex 
curvilinear  path.  It  can  be  considered  as  forming  a  connecting  link  be- 
tween the  two  atoms,  being  an  integral  part  of  each  atom  in  turn.  I 
have  developed  the  theory  as  though  each  bond  corresponded  to  a  single 
valence-electron.  It  is,  of  course,  conceivable  that  a  group  or  system  of 
electrons  might  perform  the  same  ftmction. 

Valency  is  the  property,  or  power,  which  an  atom  possesses  of  sharing  a 
certain  number  of  electrons  with  one  or  more  other  atoms,  in  such  a  way 
that  the  atoms  so  tmited  form  a  complete  or  perfect  electron  system  which 
is  electrically  neutral. 

If  a  single  valence-electron  be  assumed  to  be  characteristic  of  a  mono- 
valent union,  tmit  valency  of  an  atom  or  radical  in  a  compound  may  be 
defined  as  the  power  or  property  of  sharing  one  oscillating  electron  with 
another  atom  or  radical. 

The  hydrogen  molecule,  for  example,  can  be  represented  as  in  Fig.  i, 
the  blade  dot  indicating  the  vtdence-electfon,  and  the  dotted  line  its  path 
of  oscillation.  For  convenience,  the  atoms  in  the  molecule  are  represented 
as  spheres  in  contact  at  a  single  point  because,  in  the  present  state  of  our 
knowledge,  this  kind  of  a  mental  pictiu-e  answers  the  purpose  perhaps  as 
well  as  any  other.  Very  probably  the  method  of  union  is  much  more 
intimate  than  such  a  diagram  indicates.  The  separate  atoms  may  even 
lose  their  identity  when  combined  to  form  a  molecule  as  suggested  by  A.  A. 
Noycs.* 

It  is  evident  that  the  molecule  cannot  be  symmetrically  divided  into  two 
equivalent  parts.  If  it  is  divided,  one  of  the  atoms  will  retain  the  valenoe- 
dectron,  and  the  other  will  be  without  it,  and  the  two  will  become  op- 
positely charged  ions.  (See  Fig.  18.)  In  an  ion  thereforci  tmit  valency 
corresponds  to  an  excess  or  deficiency  of  half  an  electron. 

A  /fe#  hydrogen  atom  will,  therefore,  be  either  negative  or  positive, 
according  as  it  does,  or  does  not,  retain  the  valence-electron,  and  its  charge 
will  be  */i  the  charge  of  an  electron,  or  c/2.  (The  symbol  €,  used  in  this 
paper  for  the  charge  of  an  electron,  is  not  to  be  confused  with  the  charge 
of  a  univalent  ion,  which  I  have  denoted  by  e.  The  relation  between  these 
quantities  is  discussed  below.) 

The  hydrogen  molecule  ci^n  ^dso  be  cppsiderfd  W  two  ''partial  atoms," 

>  TH»  JOTONAt,  50,  351-2  (1908), 
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or  ''incomplete  systems,"  both  positive,  held  together  by  a  negati^rc 
valence-electron,  and  thus  forming  a  "complete"  or  perfect  system.    The 
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Fig.  I. — Hydrogen  molecule.  Fig.  7. — Formation  of  zinc  chloride. 

Fig.  2. — Formation  of  hydrochloric  add.  Fig.  8. — Formation  of  auric  chloride. 

Fig.  3. — Chlorination  of  methane.  Fig.  9. — Formation  of  hydrochloric  add. 

Fig.  4. — Oxygen  molecule.  Fig.  10.— ^k>1  form  of  acetacetic  ester. 

I^iff-  5.— Dsasodated  oxygen,  not  kmhscd.  Fig.  11. — ^Keto  form  of  aoBtacsetic:  otter. 

Fig.  6.— Dissociated  oxygen,  ionized.  Fig.  12.— "Free  electrons"  in  metals. 
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stncture  of  binary  molecules  of  other  monovalent  elements,  such  as 
cUcriDc  and  bromine,  shcmld  be  exactly  similar  to  that  of  hydrogen. 
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Kg.  13. — Conductioii  in  metals. 

^.  14. — Ionized  hydrochloric  add. 

N-  i5--^V)larited  anode. 

H- 16.— Diadiarfe  of  negative  cUoHne 


Fig.  17. — Ionized  zinc  chloride. 
Fig.  18. — Partial  dissociation  of  hydrogen. 
Fig.  19. — Complete   dissociation   of   hy- 
drogen. 


»■•  at  anode,  forming  positive  chlorine     Fig.  30. — Ionization  of  helimn. 
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Such  a  view  of  the  relation  of  the  atom  to  the  m<decule  avoids  the 
necessity  of  differentiating  the  elements  as  positive  or  negative.  (An  ion 
may  be  positive  or  negative,  but  an  atom  in  a  compotmd  has  no  sign.) 
Its  advantages  will  be  illustrated  by  a  few  examples. 

A  molecule  of  hydrochloric  add  is  composed  of  a  "paftial  atom"  of 
hydrogen  and  one  of  chlorine,  held  together  by  a  valence-electron,  and  the 
synthesis  of  hydrochloric  acid  from  hydrogen  and  chlorine  may  be  repre- 
sented as  m  Fig.  2,  the  molecules  of  H2,  CU  and  HCl  having  similar  struc- 
tures. 

A  molecule  of  carbon  tetrachloride  is  composed  of  a  ''partial  atom"  of 
carbon  and  four  "partial  atoms"  of  chlorine,  hdd  togetiier  by  four  valence- 
electrons.  The  substitution  of  hydrogen  in  methane  by  chlorine  to  form 
carbon  tetrachloride  takes  place  as  shown  in  Fig.  3. 

In  this  reaction,  foiu  "partial  atoms"  of  chlorine  exchange  places  with 
four  "partial  atoms"  of  hydrogen. 

If  considered  apart  from  the  valence-electrons,  all  atoms  (partial  atoms) 
will  be  positive. 

A  molecule  of  a  divalent  element,  such  as  oxygen,  containing  two  atoms, 
will  have  two  valence-electrons,  and  may  be  represented  as  in  Fig.  4. 
Such  a  molecule  differs  from  one  in  which  the  atoms  are  monovalent,  for 
in  this  case  the  molecule  can  be  divided  so  th^t  each  atoiji  retains  one  of 
the  valence-electrons. 

A  molecule  thus  divided  could  be  represented  in  either  of  two  ways  as 
in  Fig.  5. 

Each  of  these  atoms  is  therefore  electrically  neutral,  since  it  is  at  the 
same  time  positive  by  half  an  electron,  and  negative  by  half  an  electron. 
We  should  expect,  therefore,  to  find  that  some  divalent  elements  are  stable 
in  the  monatomic  condition,  and  we  know  this  to  be  the  case  with  zinc, 
cadmium  and  merciny. 

If  we  exclude  dissociation  phenomena,  we  may  deduce  from  the  theory 
the  general  principle  that  only  the  elements  of  even  valency — that  is, 
elements  of  groups  o,  2,  4,  6,  and  8  of  the  periodic  system— should  be 
capable  of  forming  stable  monatomic  molecules. 

A  binary  molecule  of  a  divalent  element  will  also  have  an  alternative 
method  of  splitting,  so  that  one  of  the  atoms  will  have  both  of  the  valence- 
electrons.  (See  Fig.  6.)  In  this  case,  each  atom  will  have  a  double 
charge  or  2  X  c/2,  one  atom  having  the  charge  +  c  and  the  other  the 
charge  —  €. 

Comparing  the  chief  theories  of  valency  with  my  own,  it  will  be  seen 
that  Ramsay  and  Stark  each  assume  that  the  valence-electron  is  attached 
in  some  way  to  both  the  atoms  which  it  joins,  but  do  not  daim  that  it 
forms  an  integral  part  of  each  atom.  Moreover,  Stark's  valence-electron 
is  at  some  distance  from  both  the  atoms  which  it  joins,  and  does  not  enter 
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the  atoms  at  all.  J.  J.  Thomson,  Falk  and  Nelson,  H.  S.  Fry,  and  others 
assume  that  the  valence-electron  is  permanently  transferred  in  one  or  the 
other  direction  across  the  point  of  union  of  two  atoms.  My  theory  assumes 
that  the  valence-electron  oscillates  continually  between  the  atoms  which 
it  joins  and  forms  an  integral  part  of  each. 

(6)  Multiple  Valency, — ^The  valency  of  each  element  was  at  one  time 
assumed  to  be  constant,  and  in  cases  where  two  elements  combined  in 
more  than  one  proportion,  some  of  the  molecular  formulas  were  doubled 
to  make  them  agree  with  the  theory.  This  belief  gradually  lost  ground, 
and  it  now  appears  to  be  generally  admitted  that  most  elements  can  exhibit 
multiple  valency.  Moreover,  there  is  much  evidence  in  support  of  the 
belief  that  in  such  cases  the  several  valencies  of  an  element  will  dififer 
successively  by  two.  This  is  in  perfect  agreement  with  the  new  theory, 
as  will  be  shown. 

Mtiltiple  valency  may  be  explained  by  an  example  as  follows:  if  we 
assume  that  a  free  zinc  atom  has  zero  valency,  then  when  zinc  combines 
with  chlorine,  one  of  the  electrons  of  the  zinc  atom  must  become  a  valence- 
electron.  But  since  this  electron  must  oscillate  so  that  it  is  out  of  the  atom 
half  of  the  time,  another  electron  must  be  supplied  to  maintain  equilibrium. 
This  electron  is  supplied  by  the  chlorine,  the  valence-electron  which  pre- 
viously held  the  chlorine  atoms  together  in  the  chlorine  molecule  now  serv- 
ing to  unite  the  second  atom  of  chlorine  to  the  zinc.  The  reaction  is  illus- 
trated in  Fig.  7. 

The  net  result  of  these  changes  is  that  the  valency  of  zinc  is  increased 
from  zero  to  2.  If  another  electron  should  become  a  valence-electron,  the 
valency  of  the  zinc  atom  would  in  the  same  way  be  increased  to  4.  An 
increase  of  valency,  when  it  is  originally  odd^  can  occur  in  like  manner; 
for  instance,  in  aurous  chloride,  if  another  electron  in  the  gold  atom  be- 
comes a  valence-electron,  the  valency  will  be  increased  by  two,  as  in  the 
case  of  zinc,  so  that  when  aurous  chloride  takes  up  more  chlorine,  the 
trichloride  is  formed.     (See  Fig.  8.) 

The  gold  in  aurous  chloride  can,  therefore,  be  said  to  have  a  latent 
valency  of  two. 

It  will  be  seen  from  the  foregoing  examples  that  the  theory  requires  that : 

1.  When  an  element  exhibits  multiple  valency,  the  several  values  of 
the  valency  must  differ  successively  by  two. 

2.  When  an  additional  electron  in  an  atom  becomes  a  valence-electron, 
the  valency  of  the  atom  must  increase  by  two. 

3.  A  given  element  must  have  either  even  or  odd  valency  consistently 
in  all  its  compounds. 

(c)  Valency  Relations  in  the  Periodic  System. — On  the  basis  of  this 
theory,  it  seems  reasonable  to  assign  valencies  in  the  periodic  system  as 
follows: 
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Group  o No  valency,  or  even  valency 

Groups  2,  4,  6,  8 Even  valency 

Groups  1 ,  3,  5,  7 Odd  valency 

Many  of  the  compounds  whose  molecular  formulas  are  known  with 
certainty,  agree  with  this  classification,  but  there  are  a  number  of  elements 
which  form  compounds  of  two  types,  the  valency  being  apparently  odd 
in  one  and  even  in  the  other,  if  we  represent  these  compounds  by  the 
simplest  possible  formulas  which  will  correspond  with  the  percentage 
composition,  but  which  agree  with  the  theory  if  the  simple  formulae  of 
the  compoimds  of  one  type  are  doubled.  As  the  theory  indicates  that  the 
valency  of  a  given  element  should  remain  consistently  odd  or  even  in  all 
its  compounds,  it  becomes  necessary  in  these  cases  to  know  the  molecular 
weights  of  the  compounds  in  question,  in  order  to  determine  the  correct 
molecular  formulas.  Among  these  apparent  exceptions  are  the  salts  of 
copper  and  merciuy,  which  will  be  especially  discussed. 

The  hehum  group  includes  those  elements,  the  atoms  of  which  are 
**complete"  or  ^'perfect'*  electron  systems  and  which  are,  therefore,  capable 
of  existing  in  the  free  or  uncombined  state,  showing  no  tendency  to  form 
doubled  systems. 

If  the  elements  of  this  group  showed  any  tendency  to  combine  with 
others,  we  might  expect  combination  to  occur  with  elements  having  even 
valency;  most  readily  perhaps,  with  those  which  normally  occur  in  the 
monatomic  state,  such  as  merciuy,  zinc  and  cadmium,  and  less  readily 
with  other  elements  of  even  valency.  It  is  therefore  an  interesting  fact 
that  Cooke  ^  has  found  some  evidences  of  the  combination  of  argon  with 
zinc,  merciuy  and  selenium,  and  of  helium  with  cadmium,  mercury  and 
selenium. 

In  Group  i,  in  which  the  theory  requires  that  the  valency  should  always 
be  odd,  we  have  the  alkali  metals,  copper,  silver  and  gold.  The  alkali 
metals  appear  to  be  univalent  in  all  compounds;  at  least  no  difficulty  arises 
from  this  assumption.     Gold  is  either  monovalent  or  trivalent.* 

Silver  seems  to  be  monovalent  in  all  its  well  known  compounds.  Silver 
iodide  occurs  in  two  allotropic  forms  which  might  correspond  to  any 
two  of  the  formulas:  Ag-I,  Ag  =  I,  Ag-I  =  I-Ag. 

Copper,  however,  oflFers  some  difficulties :  Cuprous  chloride,  in  the  vapor 
state,  has  the  formula  CU2CI2,  according  to  Biltz  and  V.  Meyer'  and  V. 
Meyer  and  C.  Meyer,*  while  Werner^  found  that  the  formula  was  CuCl 
in  organic  solvents,  and  the  same  was  found  by  Rugheimer  and  Rudolphi* 

»  Z.  physik.  Chem.,  55,  537  (1906). 

*  Pope  and  Gibson.  Trans.  Chem.  Soc,  91,  2061  (1907). 
"  Biltz  and  C.  Meyer,  Ibid.,  aa,  725  (1889). 

*  V.  Meyer  and  C.  Meyer,  Ihid.,  za,  609,  11 12,  1185,  129a  (1879). 
»  Werner.  Z.  anorg.  Chem.,  15,  565  (1897). 

*  Rugheimer  and  Rudolphi,  Ann.,  339»  311  (1905) 
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in  solutions  of  cuprous  chloride  in  fused  bismuth  chloride  and  by  Bcck- 
mann  and  Gabel,^  using  quinoline  as  solvent. 
The  formulas  for  cuprous  chloride  in  these  two  forms  can  be  written : 
Cu  —  CI    or    Cu  —  CI  =  CI  —  Cu* 
copper  being  monovalent  in  both  cases. 

C1  =  C1 
or      I        I       or    Cu^Cl 
Cu  =  Cu 

in  which  copper  is  trivalent.     (Two  of  these  t)T)es  may  exist  as  allotropic 
modifications.) 

In  cupric  chloride,  however,  the  usual  formula,  CUCI2,  would  require 
that  the  valency  of  copper  should  be  even,  if  that  of  chlorine  remains  odd; 
so  that  to  make  this  compotmd  conform  to  the  new  theory,  which  indicates 
that  copper  should  have  odd  valency,  the  formula  must  be  doubled,  which 
may  be  done  in  various  ways : 


CI    01  ci«a  ck  XI  a* CI 

i  I  II      \     y  II 

Cu-— Cu  Cu— Cu  >Cu— Cu<  Cu     Cu 

II  II         X        \  "    II 

a    ci  ci  =  ci  cr  ^ci  ci— ci 


.  There  seems  to  be  no  evidence  to  support  any  of  these  formulas,  but  on 
the  other  hand,  no  definite  experimental  evidence  was  found  to  show  that 
copper  is  ever  bivalent,  and  we  shall  have  to  await  the  determination  of  the 
molecular  formula  of  some  cupric  compound  before  we  are  able  to  decide 
the  question. 

On  the  basis  of  this  theory,  cupric  compounds  should  have  the  general 
formula  CusX4  in  the  undissociated  state,  if  the  valency  of  copper  is  odd. 
In  the  second  group,  which  should  exhibit  even  valency,  no  special 
difficulties  are  encotmtered  until  we  come  to  mercury.  Ij>  mercuric 
compounds  there  seems  to  be  little  doubt  that  the  mercury  is  divalent,  the 
best  evidence  being  the  formation  of  compounds  of  the  type  HgX2  with 
the  organic  radicals.  In  regard  to  mexcurous  compounds,  there  appears 
to  be  some  doubt  still,  although  much  work  has  been  done  on  the  constitu- 
tion of  mercurous  chloride.  It  was  at  one  time  supposed,  on  the  basis  of 
vapor  density  measurements,  that  calomel  had  the  formula  HgCl,  but  it 
was  later  shown  that  on  vaporization  the  salt  was  decomposed  into  HgClj 
and  Hg,  which  gave  a  vapor  density  ccuresponding  to  HgCl.  Baker,' 
however,  showed  that  calomel  vapor  in  the  absence  of  water  had  the  f  oru^ila 
HfeCU. 

>  Beckmaon  and  Gabel,  Z.  anorg.  Chem.,  51,  536  (1906). 

« J.  Newton  Friend,  "Theory  of  Valency,"  p.  61  (1908). 

•  Baker,  Trans.  Chem.  Soc.,  77,  ^6  (1900). 
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With  only  these  data,  mercury  in  calomel  can  be  represented  as  either 
monovalent^  or  divalent: 

Hg  — C1  =  C1  — Hg    or    CI  — Hg  — Hg  — CI 
(I)  (11) 

I  am  of  the  opinion  that  mercury  in  calomel  is  divalent  and  that  the 
formula  of  calomel  should  be  written 


"<!>"« 


(HI) 
This  formula  would  easily  account  for  the  decomposition  of  HgsCU  into 
HgCl2  and  Hg,  as  an  atom  of  mercury  simply  splits  off,  leaving  HgCU, 
according  to  the  equation: 

Hg/]  Nng  :j±:  Hg-f  |I  Nng   (or    Nng ) 

^CK  CV  V      CK         / 

Moreover,  a  molecule  of  Hg2Cl2  constituted  according  to  Formula  III 
could  not  readily  split  into  2  HgCl,  which  again  agrees  with  experimental 
results. 

There  is,  however,  no  evidence  yet  which  will  decide  this  question,  but 
it  may  be  said  that  our  apparent  inability  to  prepare  mercurous  salts  or 
organic  derivatives  of  the  type  HgX  where  X  is  a  monovalent  element  or 
radical,  is  presumptive  evidence  that  mercury  does  not  have  imit  valency, 
and  that  we  are  justified  in  considering  mercury  no  exception  to  the  theory. 

The  other  groups  could  be  discussed  in  the  same  way  and  apparently 
show  no  special  contradictions  to  the  theory.  In  cases  such  as  the  halogen 
salts  of  gallium  and  indium,  in  which  the  evidence  showing  that  the  valency 
of  the  metal  may  be  both  odd  and  even,  rests  on  vapor-density  measure- 
ments, I  think,  in  view  of  the  work  of  Baker  on  mercurous  chloride,  that 
more  remains  to  be  done,  before  we  can  accept  formulas  derived  in  this  way 
as  evidence  against  the  theory. 

Applications  of  tbe  Theory. 

(a)  Mechanism  of  Reactions. — Let  us  consider  a  simple  reaction, 
such  as  the  combination  of  hydrogen  and  chlorine.  Reaction  occurs  only 
diu-ing  collisions,  or  when  the  molecules  come  within  a  certain  distance  of 
each  other,  and  may  be  conceived  to  occur  in  either  of  two  different  ways. 

(i)  The  valence-electrons  in  two  adjacent  molecules  may  simultaneously 
shift  their  positions  to  form  the  new  compound.  The  method  by  which 
the  shifting  could  take  place  is  illustrated  in  Fig.  9,  a,  b,  and  c. 

Fig.  9a  shows  a  hydrogen  molecule  with  the  valence-electron  in  the 
middle  of  its  path  of  oscillation,  and  also  a  chlorine  molecule  of  exactly 
similar  structure.    In  Fig.  gb  the  valence-electrons  are  at  opposite  ends  of 
«  J.  N.  Ptiend.  "Theory  of  Vsacocy."  p.  ^7  (1908). 
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their  paths,  so  that  each  hydrogen  atom  is  adjacent  to  an  oppositely  charged 
atom.  If  the  valence-electrons  are  in  this  relative  position  at  the  moment 
when  a  collision  occurs,  conditions  are  very  favorable  for  combination,  and, 
since  hydrogen  chloride  is  a  more  dynamically  stable  electron  system  than 
either  hydrogen  or  chlorine,  the  valence-electrons  will  oscillate  in  new  paths, 
as  in  Fig.  9c,  thus  forming  the  new  compound,  HCl. 

The  position  illustrated  in  Fig.  90  is  not  the  only  one  favorable  for  re- 
action, since  any  position  in  which  both  atoms  of  a  chlorine  molecule  are 
in  contact  with  the  corresponding  atoms  of  a  hydrogen  molecule  would  be 
favorable.  Not  every  colliding  pair  of  molecules  will,  at  the  instant  of 
collision,  be  in  the  position  most  favorable  for  reaction,  hence  the  number 
of  collisions  resulting  in  chemical  combination  would  be  only  a  certain 
percentage  of  the  whole  number  of  collisions. 

The  increase  in  the  rate  of  reaction  caused  by  raising  the  temperature 
would  be  due  to  an  increase  in  the  number  of  collisions  per  second.  The 
increase  in  the  reaction  rate  caused  by  light  is  perhaps  due  to  a  sort  of 
polarization  of  the  molecules  which  arrange  themselves  in  similar  positions 
along  the  direction  of  the  light  rays,  or  the  valence-electrons  may  be 
constrained  to  move  in  a  particular  way  which  favors  reaction  during  col- 
lision. 

(2)  Another  explanation  of  the  mode  of  reaction  is  the  following:  a 
certain  number  of  the  collisions  between  the  molecules  of  a  gas  may  result 
in  dissociation,  and  in  a  mixture  of  hydrogen  and  chlorine  the  ions  or 
partial  atoms  thus  produced  would  recombine  to  form  HCl.  On  this  view, 
the  e£fects  of  heat  and  light  are  merely  to  increase  dissociation;  the  former 
by  increasing  the  velocity,  and  hence  the  collision  rate;  and  the  latter  by 
influencing  the  motion  of  the  valence-electrons  within  the  molecules. 

A  chemical  reaction,  then,  is  nothing  more  than  the  readjustment  of 
the  paths  of  oscillation  of  valence-electrons  between  the  atoms  of  contiguous 
molecules. 

(5)  Tautomerism, — On  this  theory  the  "wandering"  of  hydrogen  in 
an  organic  compound,  and  the  equilibrium  between  tautomeric  substances 
can  be  explained  as  a  special  kind  of  chemical  reaction.  As  an  example 
take  the  case  of  acetoacetic  ester.  This  substance  exists  in  two  forms — 
the  enol  form: 

CH,  —  C(OH)  =  CH  —  COOC2H6 
and  theketo  form: 

CH,CO  —  CH,  —  COOQH^ 
Writing  these  formulas  with  the  valence-electrons  indicated  we  have  for 
the  enol  form,  Fig.  10,  and  for  the  keto  form  Fig.  11.  In  the  enol  form 
the  hydrogen  of  the  hydroxyl  group,  and  perhaps  the  hydroxyl  group  itself, 
has  a  certain  freedom  of  motion,  and  at  some  particular  instant  the  molecule 
will  have  the  configuration  shown  in  Fig.  10,  in  which  the  hydrogen  is 
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nearly  in  contact  with  the  a-carbon  atom.  If  now.  a  readjustment  of  the 
motions  of  the  valence-electrons  should  occtu-  as  indicated  by  the  small 
aiirows,  so  that  the  hydrogen  becomes  attached  to  the  a-carbon  atom, 
and  the  oxygen  attached  to  the  ^-carbon  becomes  double-bonded,  we  should 
have  the  keto  form,  Fig.  ii. 

The  reverse  transformation  could  be  explained  in  a  similar  way.  Ac- 
cording to  this  view,  the  wandering  of  hydrogen  is  simply  a  change  of  path 
of  certain  valence-electrons  in  the  molecule.  Other  types  of  tautomerism 
could  be  explained  similarly. 

(c)  Conduction  in  Metals, — Consider  a  soUd  mass  of  silver,  and  assume 
that  its  molecules  are  diatomic,  two  atoms  of  silver  being  connected  by  a 
single  oscillating  valence-electron. 

If  two  molecules  are  close  together  we  may  conceive  that  a  species  of 
chemical  reaction  may  occur,  involving  a  shifting  of  valence-electrons,  and 
forming  new  molecules  as  in  Pig.  X2. 

.  If  we  consider  a  constant  shifting  and  oscillation  of  valence-electrons  to 
be  taking  place  in  this  way  in  a  mass  of  metal,  we  have  an  explanation  of 
the  freedom  of  electrons,  upon  which  the  conductivity  of  a  metal  is  supposed 
to  depend.  According  to  this  view,  the  number  of  "free**  electrons  will 
be  of  the  same  order  as  the  number  of  molecules  in  unit  volume,  but  the 
time  that  the  electrons  are  actually  free  may  be  very  small  or  zero.  When 
a  potential  difference  is  applied  to  a  piece  of  metal,  the  electrons  are  con- 
strained to  drift  in  one  direction,  and  we  have  an  electric  current. 

The  way  in  which  the  electrons  may  drift  in  one  direction  in  an  electric 
field,  while  still  functioning  as  valence-electrons  is  illustrated  in  Fig,  13, 
in  which  a  chain  of  molecules  is  shown  in  five  successive  conditions. 

In  position  A  each  of  the  molecules  1-2, 3-4,  5-6  and  7-8,  has  its  valence- 
electron  at  the  point  of  contact  between  the  atoms  as  shown.  In  position  B, 
the  valence-electrons  have  moved  toward  the  positive  pole,  and  the  atoms 
have  become  ions  of  opposite  signs.  The  ions  1,3,5,  and  7  are  positive  and  , 
drift  toward  the  negative  pole,  or  to  the  left  in  the  diagram,  while  the  ions 
2,  4,  6  and  8  are  negative  and  move  to  the  right.  The  mean  free  paths  of 
these  ions  are  very  short,  and  the  ions  2  and  3  very  soon  come  together 
as  in  C;  and  the  valence-electron  of  2,  which  continues  to  drift  to  the  right, 
becomes  the  bond  of  the  molecule  2-3.  The  other  pairs  of  ions  in  the 
same  way  form  the  new  molecules  4-5,  6-7,  etc. 

The  motion  of  the  valence-electrons  toward  the  positive  pole  continues 
and  we  soon  have  the  condition  shown  in  D,  in  which  the  atoms  i,  3,  5 
and  7  have  now  become  negative  ions,  and  started  to  move  toward  the 
positive  pole.  Finally,  we  have  the  condition  shown  in  E,  which  is  the 
same  as  in  A  except  that  the  valence-electrons  have  each  advanced  a  cer- 
tain distance. 

We  see,  therefore,  that  the  electrons  do  not  really  have  to  be  "free," 
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in  the  sense  of  being  outside  of  the  molecules,  in  order  that  a  substance 
should  conduct.  It  is  only  necessary  that  their  direction  of  movement 
be  brooi^t  under  control. 

We  have  now  gone  through  a  complete  cyde  of  changes  in  which  each 
electron  has  moved  toward  the  positive  pole  a  distance  equal  to  twice  the 
diameter  of  an  atom  plus  the  mean  distance  between  two  molecules,  and  at 
the  same  time  each  atom  has  moved  half  the  distance  separatii^  two 
molecules  and  back  again. 

Thus,  a  directional  drift  of  the  valence-electrons  is  accompanied  by  an 
oscillation  of  the  atoms,  and  we  can  construct  on  this  basis  a  more  or  less 
dear  mental  picture  of  the  thermal  phenomena  accompanying  the  flow  of 
electric  currents  in  metals. 

An  electron  probably  encounters  Uttle  or  no  resistance  to  its  motion 
while  inside  of,  or  forming  part  of  an  atom,  so  that  electrical  resistance 
is  due  mainly  to  the  molecules  not  being  in  contact,  and  thus  being  obliged 
to  oscillate  in  order  to  allow  a  drift  of  the  electrons  in  the  manner  illustrated . 
Cooling  a  metal  lowers  its  resistance  by  bringing  the  molecules  doser  to- 
gether and  redudng  the  amplitude  of  oscillation  of  the  atoms.  At  ab- 
solute zero,  when  there  is  no  motion  of  the  atoms,  and  they  are  very  dose 
together,  the  electrons  can  move  in  approximately  straight  lines  without 
hindrance  and  the  conductivity  is  very  high. 

Alloys  present  some  interesting  phenomena.  If  compounds  are  formed, 
the  molecules  are  unsymmetrical  and  are  consequently  less  often  in  posi- 
tions favorable  to  an  interchange  of  electrons,  which  presumably  will 
sddom  occur,  except  when  the  new  molecules  formed  by  the  reaction  are 
like  the  original  ones.  The  small  percentage  of  opportunities  for  the  trans- 
fer of  electrons,  causes  such  an  alloy  to  have  a  high  re^stance.  The  more 
complicated  the  molecule  is,  the  higher  the  resistance  should  be.  If  the 
constituent  metals  form  no  compound,  the  conductivity  of  the  alloy 
should  be  quite  high,  and  should  correspond  approximately  to  that  cal- 
culated from  its  composition. 

The  small  temperature  coefficient  of  resistance  of  alloys  may  be  ex- 
plained as  follows: 

The  metallic  compound  dissociates  with  rise  of  temperature  so  that  the 
alloy  is  a  mixture  of  pure  metals  and  a  compound  of  them.  As  the  tem- 
perature rises,  the  composition  approaches  that  of  a  mixture  of  the  two 
pore  metals,  which  has  a  lower  resistance  than  that  of  the  compound. 
At  the  same  time  the  resistances  of  the  pure  metals  themsdves  are  in- 
creasing, and  this  opposes  the  diminution  of  resistance  due  to  dissodaticMi, 
so  that  the  net  rate  of  change  may  be  very  small. 

(d)  Association, — ^Assodation  may  be  defined  broadly  as  a  combination 
of  two  or  more  mdecules  to  form  a  single  complex  molecule.  In  a  general 
way,  it  indudes  not  only  the  formation  of  complex  molecules  from  organic 
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hydroxyl  compounds,  the  addition  of  water  to  salts  as  water  of  crystalliza- 
tion, the  addition  of  halogen  hydrides  to  ethers  to  form  oxonimn  salts, 
all  of  which  probably  involve  an  increase  in  the  valency  of  oxygen  from 
two  to  four,  but  also  the  f cMmation.  of  double  salts  by  the  union  of  two  or 
more  single  salts.  The  increase  of  valency  can  take  place  as  illustrated 
in  the  case  of  formation  of  ZnCU  from  Zn  and  CU,  or  of  AuCU  from  AnCl 
and  Ck. 

The  formation  of  "intermediate  compounds"  or  addition  products  durix^ 
a  chemical  reaction  can  be  i^eadily  explained  by  assuming  that  extra 
valencies  are  momentarily  brought  into  action  to  form  unstable  associated 
molecules. 

(e)  Dissociation  and  Conduction  in  Electrolytes. — Consider  a  solution  of 
a  simple  binary  compound;  for  example,  hydrochloric  acid.  In  aqueous 
solution  the  molecules  are,  according  to  the  electrolytic  dissociation  theory 
of  Arrhenius,  largely  dissociated  into  positive  hydrogen  ions  and  negative 
chlorine  ions.  These  are  considered  to  differ  from  the  ordinary  atoms 
only  by  being  charged.  When  the  charges  are  given  up  at  the  electrodes 
during  electrolysis,  the  ions  become  converted  to  uncharged  atoms.  The 
electrolytic  dissociation  theory  is  somewhat  vague  as  to  the  origin  of  the 
charges  on  the  ions,  as  well  as  to  the  mode  by  which  molecules  are  formed 
from  uncharged  atoms  at  the  electrodes. 

According  to  the  new  theory,  the  dissociation  of  the  molecule  is  a  division 
in  such  a  way  that  the  valence-electron  forms  part  of  the  negative  ion, 
while  the  positive  ion  consists  of  a  partial  or  incomplete  atom,  as  shown 
diagrammatically  in  Fig.  14. 

The  charge  of  a  monovalent  ion  would  therefore  be  c/2,  or  half  the 
charge  of  a  single  free  electron,  while  the  charge  of  a  divalent  ion  would  be 
e,  etc. 

Omitting,  for  the  {vesent,  any  speculation  as  to  the  primary  cause  of 
dissociation,  the  explanation  of  the  phenomena  at  the  electrodes  is  as 
follows: 

The  current  in  the  hydrogen  chloride  solution  consists  of  a  stream  of 
chlorine  ions  moving  to  the  anode,  and  of  hydrogen  ions  moving  to  the 
cathode.  In  order  that  molecular  hydrogen  may  be  formed  and  set  free 
at  the  cathode,  one  electron  must  be  supplied  to  every  p^  of  hydrogen 
ions  arriving  at  the  cathode,  and  this  is  supplied  from  the  stream  of  dec*^ 
troBS  which  constitute  the  current  in  thie  wire  leading  to  the  cathode,  thus 
liberating  molecular  hydrogen.  At  the  anode,  very  similar  phenomena 
occur ;  every  pair  of  chlorine  ions  reaching  the  anode  must  lose  one  electron 
in  the  process  of  forming  molecular  chlorine,  this  electron  passing  into  the 
conducting  wire.^ 

The  process  of  discharging  ions  at  the  electrodes  and  forming  neutral 
1  Compare  P.  Acfaalme,  Compt.  rend,,  154,  647-99  (1912). 
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molecules  should  be  capable  of  explanation  in  such  a  way  as  to  make  dear 
the  nature  of  polarization  and  of  decomposition  voltage,  neither  of  which 
have  yet  had  a  wholly  satisfactory  explanation. 

The  following  is  an  explanation  of  these  phenomena  by  the  new  theory  : 
In  a  hydrochloric  acid  solution  the  negative  chlorine  ions  move  toward 
the  anode  and,  if  the  voltage  is  not  too  high  and  the  material  of  the  anode 
does  not  combine  readily  with  chlorine,  the  surface  of  the  anode  soon  be- 
comes covered  with  a  mdfecular  layer  of  these  ions,  and  is  said  to  be  polar- 
ized. To  discharge  these  ions,  the  potential  difference  at  the  electrode 
must  be  great  enough  to  pull  the  valence-electrons  away  from  the  atoms. 
K  a  potential  greater  than  this  value  (commonly  called  the  * 'electrode 
single  potential")  be  applied,  the  negative  chlorine  ions  give  up  their 
valence-electrons,  which  then  pass  off  into  the  wire  leading  from  the  anode, 
and  the  negative  chlorine  ions,  upon  losing  valence-electrons,  according  to 
the  theory  become  positive  ions.  The  positive  chlorine  ions  thus  produced 
would  immediately  begin  to  move  away  from  the  anode,  and  would  soon 
combine  with  approaching  negative  chlorine  ions  to  form  neutral  molecules 
of  chlorine  gas. 

At  the  surface  of  the  anode  during  electrolysis,  there  would  be  a  layer 
of  ions  undergoing  a  change  of  sign  from  negative  to  positive,  while,  at  a 
short  distance  away  from  the  surface  of  the  anode,  there  would  be  an  ad- 
vancing layer  of  negative  ions,  and  between  them  a  reaction  zone  where 
neutral  molecules  are  formed. 

The  phenomena  at  the  cathode  would  be  quite  similar  to  those  at  the 
anode. 

Fig.  15  shows  a  polarized  anode  covered  with  a  molecular  layer  of  nega- 
tive chlorine  ions. 

Fig.  16  shows  an  anode  at  which  the  potential  is  high  enough  to  remove 
electrons  from  the  negative  ions,  and  shows  positive  ions  moving  away 
from  the  electrode  just  after  losing  electrons,  also  a  molecule  of  CI2  es- 
caping. 

The  electrode  single  potential  depends  on  the  natture  of  the  electrode 
matericd,  and  will  be  the  algebraic  sum  of  the  potential  representing  the 
attraction  of  the  electrode  mat»ial  for  electrons,  and  of  the  force  necessary 
to  remove  an  electron  from  a  n^;ative  ion  at  the  anode,  or  to  add  an  elec- 
tron to  a  positive  ion  at  the  cathode. 

Just  as  many  electrons  are  passing  into  the  solution  at  the  cathode  as 
there  are  leaving  at  the  anode.  Thus,  the  theory  of  the  mechanism  of 
conduction  in  electrolytes  is  in  complete  harmony  with  the  theory  of  a 
current  in  a  metallic  conductor  as  a  stream  of  electrons. 

Let  us  now  consider  the  special  case  in  which  the  "positive"  element  of 
the  compound  forms  monatomic  mdecules.  If  we  take  zinc  chloride  for 
an  example;  the  salt,  in  solution  dissociates  as  follows:  ZnCU  =»  Zn  -f-  2CI 
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SO  that  we  have  a  divalent  positive  zinc  ion  and  two  negative  chlorine  ions, 
the  valence-electrons  remaining  with  the  chlorine  ions.  At  the  anode,  the 
chlorine  ions  combine  in  pairs  to  form  chlorine  molecules,  and,  for  eadi 
molecule  which  is  formed,  one  valenoe-electron  is  set  free  and  passes  into 
the  metaUic  circuit.  At  the  cathode  the  conditions  are  somewhat  different. 
Each  zinc  ion  has  a  double  charge  (a  X  c/2  ^^  c)  and  hence  requires  o^e 
electron  to  convert  it  into  a  neutral  atom.  Badi  zinc  ion,  therefore, 
receives  one  electron  at  the  surface  of  the  cathode  and  becomes  fiee 
metaUic  zinc  in  the  monatomic  state.  If  ;unc  in  the  free  state  were  di- 
atomic, then  two  zinc  ions  would  unite  with  two  electrons  and  form  a 
binary  molecule. 

(/)  Dissociation  and  Conduction  in  Gases. — In  an  undissodated  gas,  a 
free  and  continuous  interdiange  of  electrons  between  molecules,  as  in  a 
metal,  is  impossible,  because  the  molecules  are  too  far  apart,  so  that  a  gas 
or  vapor  is  ordinarily  ncm-conducting  unless  free  ions  are  produced  in  it 
by  R5ntgen  rays,  ultraviolet  light  radiation  from  radioactive  substances, 
or  an  electrostatic  field. 

Consider  the  ionization  of  a  simple  binary  gas  molecule,  such  as  that 
of  hydrogen.  According  to  the  new  theory,  two  kinds  of  dissociation  are 
possible,  which  I  shall  call  partial  and  complete  dissociation. 

(a)  Partial  dissociation.  The  molecule  can  split  into  two  "atomic 
ions,"  the  positive  ion  being  a  ''partial  atom"  without  the  valence-electron, 
and  the  negative  ion  being  a  partial  atom  tvUh  the  valence  electron.  A 
hydrogen  molecule  which  has  undergone  partial  dissociation  in  this  manner 
may  be  represented  as  in  Fig.  18. 

The  charges  on  these  atomic  ions  will  be  +  c/a  and  —  e/2,  respectively, 
if  e  is  taken  as  the  charge  of  a  single  free  electron. 

(6)  Complete  dissodation.  The  molecule  can  split  into  three  ions, 
the  two  "partial  atoms"  of  hydrogen  becoming  podtive  atomic  ions, 
each  having  a  charge  of  +  c/2,  while  the  valence-electron  becomes  a  nega- 
tive ion  with  the  charge  —  e.  A  molecule  dissociated  in  this  way  can  be 
represented  as  in  Pig.  19. 

What  determines  the  type  of  dissociation  which  takes  place  when  a 
gas  is  ionized?  A  somewhat  analogous  case  is  that  of  the  dissociation  of 
a  dibasic  add  in  aqueous  solution  which  forms  first  a  single  hydrogen  ion, 
and  a  complex  negative  ion,  which  is  itself -further  dissociated  in  more  dilute 
solutions,  both  t3rpes  obeying  the  law  of  mass  action. 

If  we  assume  that  a  gas  under  the  influence  of  an  ionizing  agent  is  sub- 
ject to  laws  of  equiUbrium  similar  to  those  that  apply  to  an  ekctrotyte 
which  is  being  ionized  by  the  dissociating  agent,  water,  the  line  of  reasoning 
is  as  follows: 

The  two  types  of  dissociation  may  be  represented  as  reversible  reactions, 
thus 
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H«H  :^  H   +  He' 

HeH  -^  H-  +  H'  +  €' 

The  nature  and  extent  of  the  ionization  produced  in  a  gas  when  it  is  in  a 
steady  state,  under  the  influence  of  an  ionizing  agent,  will  depend  upon  the 
frequency  with  which  collisions  causing  recombination  occur,  that  is,  upon 
the  pressure  of  the  gas.  At  extremely  low  pressures,  dissociation  should 
be  complete  and  the  negative  ions  should  consist  of  electrons  only,  while 
at  higher  pressures  partial  dissociation  will  predominate,  and  the  ions  will 
be  mostly  "atomic  ions***  of  both  signs. 

Hxperimental  evidence  shows  that  positive  and  negative  ions  in  a  gas 
differ  in  size  and  that  this  difference  becomes  much  greater  for  low  pressures 
of  the  gas,  and  that  at  low  pressures  the  negative  ion  is  identical  with  the 
electron.  The  change  in  size  of  the  negative  ion  is  quite  marked  at  10  mm. 
pressure.  The  positive  ion  is  always  atomic  in  size,  even  at  a  low  pressure 
of  the  gas. 

The  commonly  accepted  theory  seems  to  be  that  at  high  pressures  the 
negative  ion  is  an  electron  to  which  a  cluster  of  molecules  has  become 
attached,  and  that  at  low  presstures  the  electron  sheds  the  clusters,  and  the 
difi^rence  in  size  and  velocity  is  supposed  to  be  explained  in  this  way,  but 
I  believe  that  the  above  explanation  agrees  with  the  facts  just  as  well. 

At  moderate  pressures,  therefore,  according  to  our  theory,  there  should 
be,  in  an  ionized  gas,  two  kinds  of  negative  ions,  viz.,  ''atomic  ions"  and 
electrons,  and  consequently  the  experimentally  determined  values  of 
e/m  for  the  negative  ion,  being  average  values  for  all  the  ions  present, 
should  vary  with  the  pressure  of  the  gas  between  certain  limits,  which  for 
hydrogen  would  be  1.7  X  10^  and  10*  (electromagnetic  units).  The 
charge  on  a  gaseous  ion  should  also  appear  to  be  a  variable  depending  on 
the  pressure,  if  determined  from  measurements  cm  a  large  number  of  ions 
at  once»  as  is  done  by  the  "doud  method." 

At  moderate  pressures  the  velocities  of  positive  and  negative  ions  are 
found  experimentally  to  be  nearly  equal.  This  agrees  with  the  theory, 
since  the  two  kinds  of  ''atomic  ions"  shotild  have  the  same  mass.  Since, 
however,  a  certain  proportion  of  the  negative  ions  will  be  electrons,  with 
much  higher  velocity  than  the  atomic  ions,  the  average  velocity  of  the  nega- 
tive  ions  should  be  somewhat  greater  than  for  the  positive  ions.  Here 
again,  experimental  results  agree  with  the  theory. 

Any  element  having  odd  valency  should*  in  the  gaseous  state,  show  a 
perceptible  increase  in  electrical  conductivity  when  dissociated  by  heat, 
because  the  free  atoms  must  necessarily  be  charged. 

The  elements  of  the  helium  group,  which  occur  in  the  free  state  in  the 

^  For  the  sake  of  clearness,  the  terai  "atooiic  ion"  is  fvqpoeed,  to  dMnguirii  such 
ions  as  H*  and  He'  fzxxn  etoctnms. 
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uncharged  monatomic  condition,  wotdd  be  expected  to  become  divalent  if 
ionized.  Rutherford  and  Geiger's  value  of  9,3  X  io~^®  E.  S.  U.  for  the 
charge  on  an  a-partide  is  approximately  twice  Millikan's  value  for  the 
unit  ionic  charge,  and  agrees  with  the  theory.  A  neutral  helium  atom  by 
losing  a  single  electron  would  become  a  positive  ion  with  a  double  charge 
(See  Fig.  20),  and  vice  versa,  when  an  a-partide  gains  an  electron  it  becomes 
an  uncharged  helium  atom.  This  probably  occurs  during  many  radio- 
active changes. 

(g)  The  Charge  and  the  Apparent  Mass  of  an  Electron, — ^The  charge  on 
a  negative  ion  in  a  gas  at  moderate  pressings  has  been  determined  many 
times  and  in  many  different  ways,  but  the  charge  on  an  electron  has  not 
yet  been  measured.  It  is  commonly,  but  without  warrant,  assumed  that 
the  two  are  equal,  and  many  workers  who  have  determined  simply  the 
charge  on  a  gaseous  ion  use  the  term  ionic  charge,  unit  charge,  and  electron 
charge  as  though  they  were  synonymous.  Some  confusion  exists  because 
the  same  symbol  is  used  both  for  the  ionic  charge  and  the  electron  charge, 
but,  since  these  quantities  are  not  known  to  be  equal,  I  would  urge  that 
the  symbol  €  be  used  only  for  the  charge  of  a  single  free  electron. 

My  theory  seems  to  require  that  the  charge  of  an  electron  should  1)e 
twice  as  great  as  that  of  an  univalent  ion,  or  if  the  electron  charge  be  taken 
as  a  tmit  and  represented  by  the  symbol  €,  the  charge  of  a  univalent  ion 
will  be  e/2,  or  hcUf  the  unit  charge.  Taking  Millikan's  value^  for  the 
ionic  charge,  e,  we  should  have  for  the  electron  charge,  2  X  4.774  X  10"  *• 
-  9.548  X  io-^«E.  S.  U. 

This  point  has  an  important  bearing  on  the  value  of  the  apparent  mass 
of  an  electron,  which  is  usually  calculated  from  the  following  considerations: 

e/m  for  cathode  rays  (free  electrons)  =  1.7  X  10^ 

E/M  for  hydrogen  ions  in  electrolysis  »  10^ 
Now  the  relation  of  w  to  M  depends  on  the  relation  of  c  to  E,  The  mini- 
mum charge  on  a  negative  ion  in  a  gas  at  ordinary  pressure  seems,  beyond 
doubt,  to  be  equal  to  the  charge  on  a  hydrogen  ion  in  electrolysis,  but 
J.  J.  Thomson,*  assumes  that  the  charge  on  a  cathode-ray  particle  (cor- 
puscle) is  equal  to  the  charge  on  a  negative  gaseous  ion,  and  that,  therefore, 
€  =  £  which  leads  to  the  result  that  m  =  1/1700  M.  According  to  my 
theory  E  =  c/2,  hence  2E/M  .  m/c  ==  1/850,  or  m  =  1/850M. 

We  have  the  following  values: 

€,  the  electron  charge  =  9.548  X  10"^"  E.  S.  U. 

e,  or  E,  the  univalent  ionic  charge  =  4.774  X  ro"'*  E.  S.  U. 

m,  the  apparent  mass  of  an  electron  in  cathode  rays  =  1.65  X  io~*V850 

=  1.94  X  10"*^  gram. 

»  Phys,  Reo„  [2]  2, 109-43  (1913). 

'  "Conduction  of  Electricity  through  Gases,"  2nd  Bd.,  p.  160. 
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Summary. 

The  theory  assigns  to  the  "bond''  a  physical  meaning,  the  oscillating 
valenoe-electron;  and  this  idea  is  shown  to  be  in  harmony  with  recent 
theories  of  the  structure  of  matter.  It  explains  a  number  of  phenomena 
in  a  fairly  satisfactory  way. 

Valency  is  the  property  or  power  which  an  atom  possesses  of  sharing 
a  certain  number  of  dectrons  with  one  or  more  other  atoms  in  such  a  way 
that  the  atoms  so  united  form  a  relatively  stable,  electrically  neutral 
system. 

The  valence-electrons  oscillate  periodically  between  the  atoms  which  they 
unite. 

Valency  is,  therefore,  a  purely  mechanical  result  of  the  dynamic  relations 
between  molecules  and  the  atoms  of  which  they  are  composed. 

The  valency  of  an  atom  in  a  state  of  combination  with  other  atoms  is 
simply  a  numerical  quantity,  neither  positive  nor  negative,  but  the  valency 
of  a  radical  or  an  ion  may  be  positive  or  negative. 

Explanations  are  given  of  the  mechanism  of  chemical  reactions,  tau- 
tomerism;  conduction  in  metals;  association;  dissociation  and  conduction 
in  electrolytes  and  gases.  The  following  deductions  from  the  theory  are 
made: 

Uncharged  free  atoms  can  eiust  only  when  the  element  belongs  in  an 
even  group  of  the  periodic  system.  Free  atoms  of  elements  of  odd  valency 
can  exist  only  as  ions  having  charges  which  are  odd  multiples  of  the  unit 
ionic  charge. 

Elements  belonging  to  odd  groups  of  the  periodic  system  will  have  odd 
valency,  while  elements  of  even  groups  will  have  even  valency. 

Valency  varies  in  steps  of  two,  being  always  even  or  always  odd  for  the 
same  element. 

The  unit  electric  charge  or  the  charge  of  an  electron  is  twice  the  ionic 
charge  or  9.548  X  lo'^^*  E.  S.  U. 

The  apparent  mass  of  the  electron  in  cathode  rays  is  1/850  of  the  mass 
of  a  hydrogen  atom. 

RasBAXCR  Labobatoky  Of  THS  Gbnvxal  Buictric  Co., 

SCBBKBCTADY,    N.    Y. 


THE  CHEMICAL  SIGNIFICANCE  OF  CRYSTALLINE  FORM. 

By  Wzluam  Bablow  and  Wxluax  Jacxsom  Popb. 
JtecelTed  Juusaiy  5,  1914. 

In  a  recent  paper,  ^  Professor  Theodore  W.  Richards  criticizes  adversely 
the  work  which  we  have  done  on  the  relationships  existing  between  crystal 
structure  and  chemical  constitution  and  arrives  at  the  conclusion  that 
many  of  our  arguments  are  fallacious  and  that  our  theoretical  deductions 
must  be  rejected.  We  welcome  this  criticism,  not  only  because  of  its 
^  This  Journal,  35,  aSj  (i9x^)- 
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studied  impartiality  and  its  appreciation  of  the  questions  at  issue,  but 
also  because  it  fumi^es  us  with  an  insight  into  the  sort  of  difficulties 
which  the  chemical  reader  is  likely  to  encounter  in  stud3ang  the  somewhat 
complex  geometrical  and  crystaUographic  problems  involved.  As  we 
are  not  in  agreement  with  Richards'  presentation  of  our  position  (p.383) 
we  may  be  permitted  to  state  our  own  case. 

We  make  the  following  brief  statement  of  the  position  attained  by  the 
study  of  crystal  structure  before  either  party  commenced  work  upon  it, 
previous  to  discussion  whether  Professor  Richards*  criticisms  of  our  mode 
of  treating  the  subject  are  legitimate  and  comparing  the  fecundity  of  our 
mode  of  treatment  with  that  of  his  method. 

All  the  properties  of  crystalline  solids  harmonize  with  one  simple  as- 
sumption as  to  the  manner  in  which  the  parts  of  the  structure  are  arranged; 
this  assumption  is  that  the  structure  is  a  geometrically  ''homogeneous" 
one,  namely,  a  structure  the  parts  of  ^^ch  are  uniformly  repeated,  corre- 
sponding points  having  a  similar  environment  throughout  the  assemblage.^ 
The  determination  of  the  number  of  types  of  homogeneous  structure, 
including  all  possible  arrangements  oif  points  in  space,  was  definitely  com- 
pleted before  the  publication  of  the  first  paper  above  mentioned.  The 
230  types  recognized,  distinguished  from  one  another  by  the  different 
modes  of  repetition  of  their  parts,  are  found  <m  examination  to  fall  under 
32  classes  of  crystal  symmetry  discriminated  by  the  crystallographer. 
The  limitation  of  the  possibilities  of  solid  crystalline  arrangement  to  230 
types  obviously  marks  but  one  stage  in  the  determination  of  aystal 
structure  and  throws  no  direct  light  on  the  relationship  which  exists  be- 
tween crystal  structure  and  chemical  constitution ;  the  conception  of  the 
closest-packing  of  the  atoms,  introduced  at  a  later  date,  is  not  a  factor 
in  the  purely  geometrical  problem  of  determining  the  variety  of  types  of 
arrangement  described. 

Regarding  the  geometrically  homogeneous  character  of  crystalline  solids 
as  proved,  it  follows  that  the  units  of  any  particular  solid  crystalline  sub- 
stance must  be  regarded  as  centered  at  the  points  of  a  homogeneous  point- 
system  of  one  of  the  230  types.  We  conclude,  further,  that  all  identically 
similar  atoms  present  in  a  crystalline  assemblage  of  molecules  must*  be 
conceived  as  centered  at  the  points  of  some  such  homogeneous  point- 
system,  or  systems.  The  structure  of  a  crystalline  compound  is  thus 
to  be  regarded  as  built  up  of  a  number  of  interlaced,  congruent  point- 
systems,  the  points  of  each  component  system  being  the  centers  of  one 
particular  set  of  the  component  atoms.  The  number  of  component 
point-systems  is  thus  the  same  as  the  number  of  kinds  of  atoms,  distin- 
guishable materially  or  by  position,  contained  in  tlie  diemical  molecules 
of  which  the  substance  is  composed. 

*  Compare  Barlow  and  Pope,  /.  Chem.  Soe.,  8g,  1676  (1906). 
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So  far  we  have  dealt  with  condusions  which  have  been  long  accepted 
or  with  such  simple  deductions  from  those  conclusions  as  will  hardly  pro- 
voke dissent;  proceeding  from  these  conclusions  as  a  basis,  we  now  describe 
our  method  of  attacking  the  problem  involved  in  the  relation  between 
crystal  structure  and  chemical  constitution. 

We  make  the  fundamental  assmnption  that  the  crystal  structtue  affected 
by  a  substance  is  an  equilibrium  arrangement  of  the  atoms  composing 
the  material,  each  atom  being  regarded  as  a  center  of  opposing  and  at- 
tractive forces  of  the  nattire  of  kinetic  repulsion  and  gravity  attraction ; 
the  particular  set  of  intercalated  point-systems  representing  a  specific 
crystalline  solid  is  thus  an  equilibrium  arrangement  of  the  forces  resident 
in  the  component  atoms,  one  atom  being  centered  at  each  knot  of  the 
set  in  point-systems.  The  condition  thus  conceived  may  be  easily  visu- 
alized in  connection  with  the  crystalline  form  of  a  monoatomic  element, 
in  which,  presumably,  all  the  component  atoms  are  identically  similar 
and  are  similarly  placed  with  respect  to  the  crystal  structure.  The  crys- 
talline condition  of  such  an  element  is  to  be  regarded  as  one  of  equilibrium 
between  forces  of  attraction  and  repulsion  emanating  from,  or  referable  to, 
a  single  flock  of  points  homogeneously  arranged  in  space,  namely,  of  points 
of  a  single  homogeneous  point-system;  the  consideration  of  this  simple 
case  reveals  the  need  of  a  method  for  determining  what  is  the  equilibriiun 
arrangement  of  the  flock  of  Boscovichian  points  exercising  identical 
mutual  influence.  Oiu  method  of  solving  the  problem  thus  presented 
introduces  the  conception  of  closely  packed  spheres  of  influence  above 
referred  to;  it  assumes  that  the  forces  present  obey  some  inverse  distance 
law  operating  similarly  and  uniformly  in  every  direction  from  each  similar 
center  and  treats  the  influence  exerted  by  other  centers  immediately 
surrounding  any  selected  center  as  so  much  greater  than  the  influence 
exerted  by  centers  further  removed  that  their  ii^uence  may  be  regarded  as 
negligible. 

The  equilibrium  arrangement  of  the  set  of  points  thus  similarly  en- 
dowed with  kinetic  energy  and  attracting  each  other  with  a  force  of  the 
gravity  kind,  will,  according  to  the  conception  referred  to,  be  that  homo- 
geneous arrangement  which,  with  a  given  density  of  distribution  of  the 
points,  gives  a  maximum  distance  between  nearest  points. 

Since  the  points  are  equidistant,  equal  spheres  can  be  described  with 
centers  at  these  points  of  such  a  magnitude  as  to  be  in  contact;  it  can 
be  shown  that,  with  a  given  density  of  distribution  of  the  points,  a  maxi- 
mum distance  between  nearest  points  and  consequently  a  maximum  volume 
for  the  spheres,  or,  in  other  words,  closest-packing  of  the  spheres,  will 
be  presented  when  each  sphere  of  the  assemblage,  regarded  as  indefinitely 
extended,  is  in  contact  with  twelve  others.  Two  different  kinds  of  ar- 
rangement of  twelve  spheres  about  a  single  sphere  are,  however,  equally 
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available  for  this;  the  prescribed  homogeneity  of  arrangement  can  be 
achieved  with  either  of  these  kinds  present  alone  or  with  a  symmetrical 
intermixture  of  them. 

Of  the  two  closest-packed  homogeneous  assemblages  in  which  one  or 
other  of  these  two  kinds  of  arrangement  is  alone  present,  one  has  cubic 
symmetry,  and  is  represented  in  (Fig.  i)  while  the  other  (Fig.  2)  possesses 
hexagonal  symmetry. 


Fig.  I.  Fig.  2. 

If,  in  each  of  these  two  assemblages,  tangent  planes  are  drawn  at  all 
the  points  of  contact  of  the  spheres,  each  sphere  becomes  enclosed  in  a 
circumscribing  12-faced  polyhedron.  As  a  result  of  the  operation  of  the 
inverse  distance  law  the  stuiaces  of  the  polyhedra  thus  derived  mark  the 
botmdaries  of  the  domains  of  predominant  influence  of  the  individual 
atoms,  each  point  in  space  experiencing  under  this  law  predominant  influ- 
ence from  the  atomic  center  nearest  to  it.  Points  on  the  boundary  planes 
of  the  polyhedral  cells  are  equidistant  from  two  or  more  centers. 

Of  the  elements  which  have  been  crystallographically  examined, 
50%  are  cubic  and  35%  are  hexagonal ;  we  have  suggested  that  the  crystal 
structures  of  these  85%  of  the  elements  are  represented  by  the  two  closest- 
packed  assemblages  just  described,  or  by  some  very  simple  combination 
of  them.  We  have  also  shown  that  the  remaining  elements,  which  crys- 
tallize in  systems  of  lower  symmetry,  present  crystallographic  peculiarities 
which  lead  to  the  conclusion  that  their  crystal  structures  are  represented 
by  slight  distortions  either  from  cubic  or  from  hexagonal  symmetry; 
we  have  also  indicated  that  this  distortion  may  be  the  geometrical  conse- 


Digitized  by  VjOOQIC 


THE  CHEMICAL  SIGNTPICANCB  OP  CRYSTAI«LINE  VOBU.  1679 

quence  of  the  aggregation  of  atoms  to  form  polyatomic  molecules  and, 
in  the  case  of  carbon,  have  shown  that  a  slight  distortion  of  the  hexagonal 
assemblage,  which  might  be  caused  by  atomic  aggregation,  would  account 
for  the  crystalline  form  of  graphite  and  for  the  oxidation  of  this  allotrope 
of  carbon  to  mellitic  add.  We  have  also  pointed  out  that  the  crystalline 
form  of  an  element  which  departs  from  the  simple  cubic  or  hexagonal 
type  of  symmetry  is  always  colored  while  those  modifications  which  con- 
form to  the  two  simpler  types  of  symmetry  are  in  general  colorless;  thus, 
the  colorless  diamond  and  ordinary  phosphorus  are  cubic,  while  the  black 
graphite  and  red  phosphorus  are  respectively  monosymmetric  and  ortho- 
rhombic.^ 

A  perusal  of  our  published  papers  will  show  that  the  correspondence 
between  the  assemblages  which  have  been  constructed  and  the  crystalline 
forms  of  the  elements  is  of  a  highly  quantitative  character.     But  probably 
Richards  will  agree  with  us  in  this  part  of  our  work,  since  he,  like  our- 
selves, is  prepared  to  refer  the  departure  from  the  symmetry  of  the  two 
simple  forms  of  assemblage  above  described,  which  are  presented  by  about 
15%  of  the  elements,  to  a  modifying  effect  traceable  to  the  formation  of 
groups  or  atomic  aggregates;  in  view,  however,  of  the  detail  in  which  we 
have  discussed  the  subject,  his  suggestion  that  we  "do  not  seem  to  have 
attached  quite  enough  weight  to  the  fact  that  elements  are  not  always 
necessarily  composed  of  monatomic  molecules"  (p.  387),  appears  of  ob- 
scure applicability.     In  any  case  the  validity  of  our  valency  volume  law 
does  not  come  into  question  with  a  crystalline  element  and  when  Richards 
says  "it  appears  that  the  theory  of  compressible  atoms  explains  the  crys- 
talline form  of  the  cubic  and  hexagonal  elements  as  well  as  Barlow's 
and  Pope's  theory"  (p.  388)  we  do  not  know  what  theory,  as  distinct 
from  our  own,  he  can  have  in  mind. 

It  will  have  been  seen  that  we  allot  to  each  atom  present  in  crystalline 
structure,  a  point,  which  may  be  taken  as  representing  the  center  of 
gravity  of  the  atom,  and  a  plane-faced  polyhedral  domain,  termed  the 
sphere  of  atomic  influence,  which  on  our  conception  of  equilibrium  repre- 
sents th^  region  over  which  its  centered  atom  exerts  predominant  influence 
by  reason  of  its  attractive  and  repulsive  forces.  Prof.  Richards  has  well 
indicated  oiu-  relative  positions  by  the  following  statement:*  "the  so-called 
'  sphere  of  influence '  of  the  atom  is  the  actual  boundary  by  which  we  know 
the  atom  and  measure  its  behavior.  Why  not  call  this  the  actual  bulk 
of  the  atom?"  In  accordance  with  this  idea.  Prof.  Richards  translates 
our  term  "sphere  of  atomic  influence"  by  "volume  of  the  atom"  or  by 
"compressible  atom."    These  several  terms  are,  for  his  and  our  purposes, 

1  Proc.  Roy.  Soc,  (Dublin),  8,  535  (1897);  J.  Chem.  Soc.,  91,  1159  (1907);  Ibid.,  89, 
1741  (1906);  Reports  Chem.  Soc.,  5,  270  (1908). 

*  Richards,  "The  Faraday  Lecture  of  191 1;"  /.  Chem.  Soc.,  99,  1206  (191 1). 
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quite  freely  interchangeable.  Richards  suggests,  however,  because  his 
atomic  domains  are  compressible  while  the  spheres  representing  atoms 
which  we  have  used  are  said  by  us  to  be  incompressible,  that  the  respective 
views  as  to  the  nature  Of  matter  are  antagonistic. 

We  must  point  out  that  this  suggestion  is  based  upon  an  entirely  false 
conception  of  the  views  of  the  two  parties.    Richards,  in  commou  with 
us,  adopts  the  h3rpothesis  that  in  a  crystalline  solid  the  spheres  of  atomic 
influence  fill  the  available  space  without  gaps  or  interstices;  each  atomic 
domain,  polyhedral  in  shape,  represents  to  him  an  atom  and  since  a  sub- 
stance changes  its  value  on  subjection  to  pressure  he  necessarily  regards 
the  atoms  as  compressible.     We,  dealing  with  a  diflferent  branch  of  the 
subject  and  using  a  different  terminology,  find  it  convenient  to  construct 
models  representing  the  comparatively  static  conditions  prevailing  in  a 
crystalline  solid  under  a  given  fixed  set  of  external  conditions;  to  indi- 
cate the  mode  of  constructing  the  model  we  have  suggested  the  use  of 
"deformable,  incompressible"  spheres  because,  on  application  of  adequate 
pressure,  a  mass  of  such  spheres  would  undergo  deformation,  without 
changing  in  actual  volume,  and  would  become  converted  into  polyhedra 
filling  the  available  space  without  appreciable  interstices.    Under  the 
conditions  which  prevail  in  our  static  systems  the  atoms  or  atomic  domains 
are  incompressible  because,  by  definition,  no  force  is  operative  to  compress 
them,  namely,  to  diminish  their  volume.     With  a  change  in  the  conditions 
ectemal  to  the  atom — change  in  temperature,  passage  of  the  atom  from 
one  compound  to  another,  or  by  the  appUcation  of  external  presstve — a 
dynamic  condition  is  established  under  which  the  polyhedral  atomic  do- 
mains will  necessarily  alter  in  volume;  we  have  considered  at  some  length, 
exactly  on  the  lines  which  Richards  appears  to  approve,  the  change  in 
volume  of  the  spheres  of  atomic  influence  with  change  of  temperature  and 
during  passage  from  one  compotmd  to  another.^ 

Turning  next  to  what  we  have  called  the  "valency  volume  law,"  it 
should  be  remarked  that  we  have  not,  as  Richards  suggests,  made  as  our 
"guiding  principle  the  assumption  that  each  valency  in  a  given  compound 
has  essentially  the  same  volume  and,  hence,  that  the  atomic  volumes  of  com- 
bined elements  are  directly  proportional  to  their  valencies"  (p.  384); 
our  guiding  principle  is  that  in  every  crystalline  solid  the  system  of  ar- 
rangement of  parts  is  an  equilibrium  one  reached  by  the  operation  of  cen- 
tered forces.  We  do  not  put  the  law  of  valency  volumes  forward  as  a 
mere  plausible  working  h3rpothesis  but  have  deduced  it  as  an  argued  con- 
clusion based  on  the  interpretation  of  the  facts.  Having  deduced  the  law, 
we  have  in  our  various  papers  subjected  its  vaUdity  to  a  series  of  simple 
quantitative  tests  and  have  thereby  obtained  abundant  confirmatory  evi- 
dence indicating  that  the  law  is  quite  generally  obeyed  among  crystalline 
^  /.  Chem.  Soc„  89,  1679  (1906). 
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solids.  Further,  LeBas  showed  that  the  molecular  volumes  of  a  series 
of  paraffins,  determined  in  the  liquid  state  at  the  melting  points,  indicate 
that  the  atomic  volume  of  carbon  in  these  substances  is  four  times  that 
of  hydrogen,  and  hence  suggested  that  the  valency  volume  law  applies 
even  in  liquids.^  To  this  Richards  retorts  (p.  385)  that  ''values  calcu- 
lated on  almost  any  assumption  within  reason"  would  also  do  so.  But 
is  this  correct?  Richards  quotes  the  values  for  four  hydrocarbons  stated 
in  LeBas'  table,  and  calculates  the  molecular  volumes  on  our  view  (C  » 
4  times  H)  and  on  the  one  he  selects  to  illustrate  his  point  (C  »  2H). 

Obsenred  moL     Barlow  ft  Pope.      New  awumption. 
Volnme.  C  -  4H.  C  -  2H. 

CuHm 201 .4  202 .0  203 .3 

CitHa 362.5  363.3  362.3 

CitBU 487.4  487.1  486.2 

C»Hn 629.5  629.6  627.6 

A  short  calculation  will  show  that  the  mean  differences  between  corre- 
sponding figures  in  Columns  2  and  3  is  0.3,  while  that  between  Columns 
3  and  4  is  1.3;  the  calculations  made  according  to  the  results  of  otn-  con- 
clusions concerning  valency  volume  thus  agree  four  times  better  with  the 
observed  values  than  do  those  made  on  the  arbitrary  assumption  that  the 
atomic  volume  of  carbon  is  twice  that  of  hydrogen.  This  result,  which 
becomes  far  more  striking  when  the  values  for  the  whole  set  of  hydrocarbons 
discussed  by  LeBas  are  considered,  hardly  leads  logically  to  the  conclusion 
that  "as  an  argument  in  support  of  the  constancy  of  the  valency- volume 
in  any  one  instance,  the  table  of  molecular  volumes  of  hydrocarbons  has 
no  significance"  (p.  385).  The  testimony  in  confirmation  of  the  conclu- 
sion that  the  atomic  voltmie  of  carbon  is  about  four  times  that  of  hydrogen 
in  any  given  compound  becomes  overwhelming  when  the  further  work  of 
LeBas  is  considered,  namely,  that  in  which  he  deals  with  the  mass  of  data 
collected  by  Young  on  the  relation  between  the  density  of  substances 
at  corresponding  temperatures. 

Large  ntmibers  of  cases  are  known  in  which  an  obvious  relationship 
exists  between  the  crystalline  form  of  two  or  more  substances,  which  are 
chemically  related.  When  the  chemical  relationship  is  very  intimate,  as, 
say  between  KsS04  and  Rb^SOi,  close  crystallographic  similarity  in  general 
also  exists;  the  two  substances  are  said  to  be  isomorphous  and  the  axial 
ratios,  representing  the  comparative  dimensions  of  the  crystal  structure 
along  three-dimensional  coordinates,  are  nearly  the  same  for  the  two  sub- 
stances. But  in  addition  to  cases  of  isomorphism,  numerous  instances 
are  known  in  which  both  the  chemical  and  crystallographic  similarity  are 
less  marked,  although  still  perfectly  distinct;  substances  of  this  kind 
are  described  as  morphotropically  related  and,  previous  to  our  work, 
no  due  was  available  by  means  of  which  the  morphotropy  could  be  elud- 
1  /.  Chem.  Soc.,  91, 112  (1907);  PkU.  Mag.,  14, 324  (1907);  16,  60  (1908). 
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dated.  Thus,  d-csimphonc  anhydride,  CioHuOs,  is  morphotropically 
related  to  the  compound  which  d-camphoric  add  forms  with  acetone, 
CioHi604.Vs(CHs)tCO;  both  substances  are  orthorhombic  and  the  axial 
ratio,  c/b,  is  nearly  the  same  in  both.  If  the  valency  volume  law  is  valid 
it  might  be  expected  to  furnish  a  clue  to  this  mysterious  morphotropic 
relationship  in  the  following  manner. 

The  law  indicates  that  in  each  of  these  substances  the  atomic  volumes 
of  carbon,  oxygen  and  hydrogen  are  in  the  ratios  of  4  :  2  :  i ;  we,  there- 
fore, represent  the  unit  of  each  compound  by  a  rectangular  block  of  volume 
equal  to  the  stuns  of  the  respective  component  valencies  (the  so-called 
valency  voltune  =  W)  and  calculate  the  rectangular  dimensions  of  these 
blocks,  taking  them  as  in  the  ratio  expressed  by  the  axial  ratios.  The 
three  rectangular  dimensions,  x,  y,  and  z,  we  term  the  "equivalence  param- 
eters," and  they,  with  the  axial  ratios,  a  :  b  :  c,  are  stated  in  the  follow- 
ing table: 

W.  a     :     b     :      c  x        :        y        :        b 

(^CioHiiOt 60     1.0011:1:1.7270       3.2654:3.2618:5.6331 

rf-Cnjaie04.Vi(CH|)|C0..  74     1.2386  :  i  :  1.7172       4-0435  :  32646  :  56060 

It  will  be  seen  at  once  that  the  approximation  between  the  axial  ratios 
c/b  is  translated  in  the  equivalence  parameters  by  an  approximation  be- 
tween the  respective  values  for  y  and  z]  a  little  consideration  will  show 
that  if  the  units  of  volume  selected  in  the  two  cases  differed  markedly  from 
the  relative  proportion  of  the  values  for  W,  the  valency  volume,  this 
correspondence  could  not  occur.  We  conclude  that,  unless  the  morpho- 
tropic relationship  is  wholly  fortuitous,  it  is  the  result  of  the  operation 
of  the  valency  voltune  law. 

A  remarkable  morphotropic  relationship  has  long  been  recognized  be- 
tween the  minerals  of  the  so-called  humite  group.  ^  The  monosymmetric 
mineral  chondrodite,  Mgs(Si04)t.2Mg(P,OH),  the  orthorhombic  humite, 
Mg((Si04)s.2Mg(P,OH),  and  the  monosymmetric  dinohtunite,  Mg7(Si04)4.- 
2Mg(P,0H),  in  each  of  which  the  interaxial  angle  fi  —  90°,  are  related 
in  such  a  way  that,  while  the  axial  ratio,  a/b,  is  practically  the  same  in  all, 
the  ratio,  c/b  is  approximately  in  the  proportion  of  5  :  7  :  9  for  the  three 
substances  respectively.  Assigning  to  Mg,  Si  and  O,  valency  volumes 
of  2,  and  to  P  and  H,  volumes  equal  to  tmity,  and  asstuning  for  the  sake 
of  simplicity,  that  the  isomorphously  replaceable  fluorine  and  hydroxyl 
are  present  in  equivalent  quantities,  the  valency  volumes  corresponding 
to  the  above  compositions  become  34,  48  and  62,  respectively;  these  values 
are  roughly  in  the  proportion  5:7:9  shown  by  the  axial  ratios,  c/b. 

The  nattu^  of  the  morphotropic  relationship  is  exhibited  more  accurately 
in  the  equivalence  parameters  stated  at  the  beginning  of  the  accompan3dng 
table;  while  the  values  for  x  and  y  are  practically  constant  for  the  three 
^  Penfield  and  Howe,  Z.  Krysi.  Mm.,  2^  78  (1894). 
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minerals,  the  whole  effect  of  the  change  in  valency  volume  falls  on  the  axis 
c.  This  is  also  shown  by  the  constancy  of  the  values  s/W,  which  indicates 
that  the  length  of  the  axis  c  is  very  closely  proportional  to  the  valency 
volume. 

Mineral.  W.            a      :     b      :      c                    9  :        y  :        %  i/w. 

Chondrodite 34     1.08630:  i  :  3.14472  2.3367  2.1510  6.7644  0.19895 

Humite 48     i. 08021  :  i  14.40334  2.3343  2.1610  9.5155  0.19824 

Clmohumite 62     1.08028:  i  :  5.65883  2.3384  2.1646  12.2491  0.19756 

Prolectite:  20 

Observed 1.0803  •  i  :  1.8862  2.3130  2.1411  4.0385  0.19977 

Calculated 1.0818  :  i  :  x.8618  2.3365  2.1589  4.0211  0.19968 

Porsterite:  14 

Observed 0.9296:1:1.1714  2.3426  2.1778  2.7442  0.1960X 

Calculated 0.9340:1:1.1741  23365  2.1589  2.7433  0.19595 

The  minerals  chondrodite,  humite  and  clinohumite  have  been  very 
accurately  determined  and,  as  will  be  seen,  form  a  kind  of  homologous 
series  in  which  the  homologous  increment  has  the  composition  M^Si04; 
subtracting  this  increment  from  the  composition  of  chondrodite,  the  resi- 
due MgSi04.2Mg(P,OH)  is  left.  This  is  the  composition  attributed  to 
prolectite^  which  may  thus  be  regarded  as  the  first  member  of  the  humite 
series.  Further,  the  mineral  forsterite,  MgjSiOi,  has  the  composition  of 
the  homologous  increment  of  the  series. 

Prolectite  and  forsterite  have  been  less  well  determined  than  the  pre- 
ceding three  minerals  but,  on  the  basis  of  the  valency  volume  law,  we 
can  calctdate  the  axial  ratios  and  equivalence  parameters  of  the  two  sub- 
stances in  question  from  the  more  accurate  data  available  for  the  first 
three.  The  table  gives  this  calculated  data  together  with  the  observed 
axial  ratios  and  the  equivalence  parameters  calculated  therefrom.  The 
correspondence  between  the  observed  and  calculated  values  is  very  dose; 
it  is  seen  that  the  directions  a  and  h  in  forsterite  correspond  to  the  equiva- 
lence parameters  y  and  x^  respectively.  For  the  purpose  of  these  calcu- 
lations the  only  modifications  which  have  been  made  in  the  published  axial 
ratios  of  the  five  minerals  is  that,  in  the  case  of  forsterite,  unit  length  along 
the  axis  b  has  been  divided  by  two. 

We  have  given,  above,  two  out  of  a  great  number  of  available  instances 
of  the  service  rendered  by  the  equivalence  parameters  in  illustrating  the 
valency  volume  law  and  in  giving  a  quantitative  significance  to  mor- 
photropy.  In  addition  to  the  cases  which  we  have  ourselves  exposed, 
Armstrong  and  Rodd'  and  Jerusalem',  Colgate  and  Rodd,^  and  Armstrong,* 
1  Sjogren,  Z.  Kryst,  Min.,  a6,  J03  (1896). 

*  Ptoc,  Roy.  Soc.,  87A,  204  (1912);  90A,  iii  (1914)- 

*  /.  Chem.  Soc.,  95,  1275  (1909);  QTi  2190  (1910);  loi,  1268  (1912). 
« Ibid.,  97,  1585  (1910). 

*  Ibid.,  97,  1578  (1910). 
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Glover  and  Lowry^  have,  with  the  aid  of  the  equivalence  parameters 
greatly  increased  our  knowledge  of  the  chemical  significance  of  morpho- 
tropic  relationships. 

Professor  Richards  rejects  the  equivalence  parameters  as  being  a 
"  mathematical  device  "  and  because  '*  the  facts  all  seem  to  be  so  reasonable 
and  need  no  preliminary  mathematical  treatment"  (p.  391),  but  crystal- 
lography is  an  exact  science  which  can  only  be  correlated  with  chemistry 
by  quantitative  methods.  His  attack  on  the  calculation  of  equivalence 
parameters  from  axial  ratios  which  have  been  subjected  to  division  of 
multiplication  consists  mainly  in  a  restatement  of  our  own  preliminary 
warning  concerning  their  legitimate  and  illegitimate  use  and  the  extent 
to  which  importance  could  be  attached  to  them;'  although  from  the  nature 
of  axial  ratios,  their  fractionation  is  often  necessary  and  legitimate  opera- 
tion, we  have,  in  no  crucial  instance  from  which  we  draw  a  conclusion  of 
importance,  made  use  of  axial  ratios  which  have  been  subjected  to  modi- 
fication. 

We  submit  that  the  method  of  quantitative  treatment  which  we  have 
devised  for  the  elucidation  of  the  relationship  between  crystalline  form 
and  chemical  constitution,  the  first  comprehensive  method  introduced,  has 
proved  so  fertile  in  co5rdinating  the  two  subjects  of  chemistry  and  crys- 
tallography that  it  cannot  be  affected  by  adverse  criticism  of  the  kind 
employed  by  Professor  Richards.  The  subject  has  been  carried  too  far 
on  a  highly  quantitative  basis  to  be  touched  by  vague  qualitative  criticism 
involving  suggestions  as  to  what  is  "reasonable"  or  as  to  what  ''we  should 
expect."  To  be  successful,  the  criticmustputforwardacomprehensivequan- 
titative  scheme  obviously  superior  to  the  one  which  we  have  applied  to 
the  camphoric  acid  derivatives  and  the  humite  minerals  dealt  with  in  the 
above  table,  as  well  as  to  numbers  of  other  problems  involved  in  our  de- 
tailed papers. 

Several  more  points  still  merit  mention.  The  arrangement  suggested 
by  Richards  for  crystalline  caesium  chloride  (p.  389)  was  described  sixteen 
years  ago'  and  was  rejected  as  representative  of  the  halogen  compoimds 
of  the  alkali  metals  for  a  number  of  reasons.  Thus,  the  arrangement  in 
question  is  a  holohedral  cubic  one  and  so  does  not  fit  the  facts;  further, 
in  such  an  arrangement  the  equilibrium  conditions  expressed  by  dose- 
packing  will  be  so  delicately  balanced  that  a  slight  change  in  their  rdations, 
such  as  would  be  involved  in  the  passage  from  caesium  diloride  to  potas- 
sium chloride,  or  rubidium  chloride,  bromide  or  iodide,  must  be  expected 
to  involve  a  change  of  crystalline  form.    For  these  and  other  reasons  we 

^  /.  Chem,  Soc,,  loit  1903  (191a). 

>  Ibid.,  89, 1683  (1906). 

*  Barlow,  Proc.  Roy.  Sac.  {DMin),  8,  549  (1897). 
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gave  the  preference  to  the  type  of  arrangement  which  we  ultimately  de- 
scribed.^ 

The  difficulty  suggested  by  the  isomorphous  replacement  of  potassium 
by  amxnonitun  in  the  sulfate,  in  which  our  theory  demands  the  replacement 
of  a  potassium  atom  of  voltune  one,  by  an  ammonium  group  of  volume 
seven  (not  nine  as  stated)  elicits  the  comment  (p.  394)  that  ''it  is  hard  to 
see  how  any  sort  of  analogous  symmetry  could  be  constructed  in  the  two 
cases  under  these  circumstances."  We  have  given  an  example'  which 
indicates  how  a  closely  analogous  difficulty  may  be  met  by  our  theory 
in  connection  with  the  isomorphism  of  potassitun  and  ammonium  chlorides. 
We  foresee  no  special  difficulty  in  constructing  assemblages,  in  accordance 
with  our  method,  which  will  present  geometrical  relationships  compatible 
with  the  isomorphism  of  potassium  and  ammonium  salts;  at  the  same  time 
we  must  ask  to  be  judged  by  what  we  have  already  done 'and  not  by  what 
still  remains  for  us  to  do.  Moreover,  the  difficulty  which  occurs  in  deal- 
ing with  the  isomorphism  of  potassitmi  and  ammonium  does  not  arise 
from  acceptation  of  the  law. of  valency  volumes  and  is  certainly  not  sur- 
mounted by  the  view  that  the  potassium  atom  and  the  ammonium  group 
occupy  approximatdy  the  same  volume  in  crystalline  potassium  and  am- 
monium chloride.  The  following  substances  are  all  alums  crystallizing 
in  the  cubic  system. 

K,  with  AlCSOiViaHtO Potash  alum. 

NH4,  with  Al(S04)s.i2HtO Anunonia  alum. 

NH|.CH,,  with  Al(SOi)2.i2Hrf) Methylamine  alum. 

NHlCjHs,  with  Al(S04)a.i2HiO Ethylamine  alum. 

NH(CHi),,  with  Al(S04)i.i2H20 Trimethylamine  alum. 

NHs.C»Hii,  with  Al(S04)i.i2HtO Amylamine  alum. 

NH|.CiHu,  with  A1(S04)m2H]0 Coniine  alum. 

NHCCrHr)!.  with  Al(S04)t.i2HfO Tribenzylamine  alum. 

The  facts  thus  tell  us  that  the  44  atoms  of  the  tribenzylamineammonium 
group  can  replace  the  potassium  atom  in  potassium  aluminium  sulfate 
without  the  occurrence  of  a  change  in  crystaUine  system;  Professor  Rich- 
ards' mode  of  regarding  crystallographic  problems  makes  him  confess  the 
difficulty  of  seeing  how  any  sort  of  analogous  symmetry  could  survive 
the  replacement  of  one  tmit  of  volume,  the  potassium  atom,  by  seven  units 
of  volume,  the  ammonium  group,  in  a  salt.  It  can  surely  not  be  main- 
tained that  cubic  symmetry  survives  the  replacement  of  one  potassitmi 
atom  by  44  other  atoms  because  the  44  occupy  the  volume  originally  oc- 
cupied by  the  one  potassium  atom. 

The  due  to  the  whole  problem  here  concerned  lies,  we  suggest,  in  the 
possibility  of  homogeneous  arrangement  of  groups  or  atomic  domains  of 
different  relative  sizes  in  the  same  class  of  crystal  symmetry,  while,  at 
^  /.  Chem,  Soc.,  91,  11 79  (1907)- 
•  Ibid.,  91,  1204  (1907). 
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the  same  time,  dose  dimensional  correspondence  subsists  which  is  trace- 
able to  the  operation  of  the  valency  volume  law. 

We  may  here  terminate  our  present  contribution  to  this  discussion^ 
leaving  untouched  many  points  which  have  been  raised  against  us  by  Pro- 
fessor Richards  because  they  seem  to  us  mainly  based  on  minor  misunder- 
standings of  our  work.  The  only  one  of  the  conclusions  which  Professor 
Richards  states  in  his  smnmary  with  which  we  agree  is  that  numbered  (3) 
— "Some  facts  seem  to  be  quite  beyond  the  reach  of  their  hypothesis.** 

Ths  Cbsmical  Labokatost. 
UifivBsazTy  or  Cambriikis,  Bnoland. 


[Contribution  from  thb  Wolcott  Gibbs  Msmorial  Laboratory  of  Harvard 

Univbrsity.] 

FURTHER  REMARKS  CONCERNING  THE  CHEMICAL  SIGNIFI- 
CANCE OF  CRYSTALLINE  FORM. 

By  Thsodobb  W.  Rxcbasdb. 
Received  February  21.  19H. 

Thepreoedingpaper  on  ''The  Chemical  Significance  of  Crystalline  Form/'  * 
by  Mr.  WiUiam  Barlow  and  Professor  William  Jackson  Pope,  replying 
to  one  of  mine'  with  the  same  title,  has  been  submitted  to  me  through  the 
courtesy  of  the  editor  of  This  Journai.  and  of  the  authors  of  the  paper. 
For  this  comtesy  I  am  much  obliged,  and  hope  that  their  kind  act  may  be 
the  means  of  clearing  up  quickly  several  mistmderstandings  which  seem 
to  have  arisen  with  regard  to  the  matter  in  question.  Polemics  are  rarely 
if  ever  expedient;  but  good-natured  discussion,  either  in  print  or  viva 
vocCf  may  serve  a  useful  purpose. 

As  Messrs.  Pope  and  Barlow  infer,  I  find  no  fault  in  the  idea  of  the  dose- 
packing  of  the  atoms  in  crystals.  This  idea  has  been,  indeed,  more  or 
less  tacitly  assumed  in  most  discussions  of  the  chemical  significance  of 
crystalline  form.  Barlow  in  his  interesting  deductive  analysis  of  the 
geometrical  properties  of  crystalline  forms  in  1897  begins  his  final  summary 
with  the  following  sentence:  ''The  main  ideas  which  form  the  basis 
of  the  foregoing  inquiry,  viz.,  closest-packing,  mutual  repulsion  of  partides, 
ties,  or  restraints  on  this  mutual  repulsion,  are  all  old  conceptions — ^they 
have  been  used  by  earlier  writers  and  are  stiU  adopted  by  living  sdentists."* 
Thus  we  all  agree  about  dose-paddng.    The  only  difference  is  as  to  the 

^  Tms  Journal,  36, 1675  (1914). 

•/wa.,  35,382  (1913). 

*  "A  Mechanical  Cause  of  Homogeneity  of  Structure  and  Symmetry  Geometrically 
Investigated"  (read  Jtme  16,  received  for  publication  June  18,  and  published  December 
30,  1897,  appearing  as  paper  bdi  in  the  8th  volume,  N.  S.  of  the  Scientific  Proceedings 
ci  the  Royal  DuUin  Society,  November,  1898). 

Comp.  "Molecular  Constitution  of  Matter,"  by  Sir  William  Thomson,  in  Proc. 
Ray.  Soc,  of  Edinburgh,  z6,  693-715  (1890),  quoted  by  Barlow.' 
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nature  and  behavior  of  the  entities  which  are  dose-packed.    This  point 
will  be  considered  shortly. 

Again,  as  the  transatlantic  investigators  rightly  point  out,  the  two  inter- 
pretations with  regard  to  monatomic  elements  are  geometrically  in  agree- 
ment, although  the  points  of  view  are  so  divergent.    This  is  not,  however, 
surprising.    The  nattu^  of  the  monatomic  element  admits  only  of  equi- 
distant atomic  spacing,  and  so  far  as  I  am  aware  no  other  geometric  inter- 
pretation of  the  arrangement  of  a  collection  of  similar  spherical  atoms  has 
ever  been  attempted  by  anyone.    In  view  of  this  geometrical  similarity. 
Barlow  and  Pope  express  their  inability  to  see  wherein  my  view  diflFers  from 
theirs,  saying:  "We  do  not  know  what  theory,  as  distinct  from  our  own, 
he  has  in  mind."    The  difference  is  nevertheless  well  marked,  even  in  the 
case  of  monatomic  elements,  for  although  the  geometrical  arrangement 
would  here  be  the  same  according  to  each  theory,  the  idea  of  atomic  com- 
pressibility introduces  a  factor  in  the  mechanism  involving  change  of 
volume,  which  brings  this  case  into  line  with  the  more  complicated  ones 
soon  to  be  considered.    Bach  side  of  each  atom  would  be  compressed 
by  contact,  but  each  would  be  equally  compressed.    When  we  come  to 
treat  of  the  more  complex  allotropic  forms  of  elements  having  polyatomic 
molecules,  the  difference  between  the  two  points  of  view  stands  out  in 
stronger  relief.    According  to  the  theory  of  compressible  atoms,  the  affinity 
which  binds  the  atoms  together  to  make  a  polyatomic  molecule  must  have 
a  different  compressing  effect  from  the  cohesion  which  knits  these  molecules 
into  the  solid  condition.     Hence  equidistant  spacing  between  the  atoms 
in  all  directions  can  no  longer  exist.     The  difference  between  my  hjrpoth- 
esis   and   Pope   and   Barlow's   is  here,   as  indeed   in   the   other   cases, 
entirely  concerned  with  the  different  interpretations  as  to  the  results 
of  the  action  of  the  forces  binding  together  the  atoms  in  a  molecule,  and 
the  molecules  with  one  another.     In  my  interpretation  I  have  endeavored 
to  reconcile  the  crystalline  phenomena  with  other  properties  of  the  sub- 
stances concerned,  such  as  boiling  points,  melting  points,  siniace  tensions, 
compressibilities,  coefficients  of  expansion,  all  of  which  can  furnish  some 
due  as  to  the  forces  at  work;  but  Pope  and  Barlow  seem  to  have  made 
no  such  effort.     Their  discussion  is  essentially  a  geometrical  one,  and  in- 
volves the  dose-packing  of  spheres;  whereas  my  view  imagines  the  "spheres 
of  influence"  as  much  distorted  whenever  the  molecule  is  composed  of  more 
than  one  atom. 

As  a  matter  of  fact,  very  little  emphasis  is  placed,  in  the  joint  thesis 
of  Barlow  and  Pope,  upon  the  possible  magnitudes  of  the  forces  holding 
the  atoms  together.^  In  reading  the  paper  one  feels  that  the  original 
tenets  of  Barlow,  as  set  forth  in  the  earlier  paper  already  referred  to, 
are  retained.  In  this  paper  (which  consists  of  a  highly  learned  and  in- 
»  /.  Chem.  Soc.,  89,  1676  (1906). 
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genious  deductive  analysis  of  the  arrangement  of  Boscovichian  atoms  in 
space),  the  atoms  are  often  alluded  to  as  mutually  repellent  {e.  g.,  on 
pages  529,  547,  580,  675,  686),  but  little  is  said  about  their  mutual  affini- 
ties. Some  kind  of  tie  or  restraint  is  presupposed  where  chemical  action 
is  concerned,  but  the  binding  together  of  molecules  seems  to  be  of  the  loosest 
possible  sort.  In  the  papers  by  the  joint  authors,  no  attracting  force 
except  gravitation  (or  its  like)  seems  to  have  been  mentioned;  but  few 
chemists  would  be  inclined  to  admit  that  gravitation  is  the  only  force 
binding  the  molecules  of  solids. 

The  definite  statement  is  made  both  in  Barlow's  early  work  and  in  the 
paper  of  1906  (by  the  joint  authors)  that  the  spheres  of  influence  are  to 
be  considered  as  incompressible.  To  be  sure,  in  this  latest  paper  affirma- 
tion is  made  that  they  are  to  be  looked  upon  as  incompressible  only  when 
no  change  in  pressure  is  put  upon  them:  '' . . .  .the  atomic  domains  are 
incompressible  because,  by  definition,  no  force  is  operative  to  compress 
them;"  but  according  to  that  definition  would  not  everything  be  incom- 
pressible? Even  the  most  rarefied  gas  does  not  change  its  volume  if 
unacted  upon  chemically,  and  if  the  pressure  and  temperattue  remain 
unchanged.  The  difference  of  opinion  here  seems  to  be  rather  one  con- 
cerning the  definition  of  the  word  ''incompressible,"  at  least  as  used  in  the 
latest  paper.  The  earliest  paper  by  Barlow  appears  to  have  used  the  word 
in  its  usual  sense. 

But  entirely  apart  from  any  question  as  to  the  significance  of  this  tenn» 
there  is  a  real  and  ftmdamental  difference  between  the  two  opposing  theo- 
ries. The  British  investigators  enunciated  publicly  for  the  first  time  in 
1906  the  postulate  that  the  volume  which  any  substance  assumes  is  es- 
sentially determined  by  valency.  They  contend  in  their  latest  paper  that 
this  valency  volume  idea  is  not  an  assumption,  but  a  law  deduced  from 
the  theory  of  dose-packing  under  the  balanced  play  of  centered  forces, 
and  that  it  was  obtained  as  an  argued  conclusion  based  upon  the  interpre- 
tation of  the  facts.  Here  again  one  is  doubtful  as  to  the  definitions  which 
may  be  given  to  the  terms  deduction,  hjrpothesis,  theory,  and  law;  but, 
however  these  words  may  be  defined,  it  seems  to  be  perfectly  clear  that 
the  idea  of  valency  volume  is  an  essential  feature  in  their  present  quantita- 
tive discussion.  This  is  made  evident  in  their  definition  of  equivalence- 
parameters  on  page  681  of  their  paper  of  1906.  In  this  paper  W  signifies 
the  valency  volume,  and  W  enters  into  the  value  of  x;  therefore,  it  also 
enters  into  that  of  y  and  2,  which  depend  upon  x.  These  values,  x,  y,  and 
z,  are  the  basis  of  all  their  comparisons. 

It  is  this  idea  of  valency  volume  which  I  find  myself  obliged  to  reject;  and 
the  rejection  is  not  by  any  means  based  upon  minor  misunderstandings 
of  the  work. 
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The  question  at  issue  seems  to  be  simply  as  follows:  Messrs.  Pope 
and  Barlow  imagine  that  their  "spheres  of  influence"  of  the  atoms  expand 
and  contract  to  fit  their  theory  of  valency  volumes,  and  this  theory  has 
the  rigid  requirement  that  in  any  given  compound  the  volume  occupied 
by  an  atom  is  to  be  assumed  as  directly  proportional  to  its  valency.  No 
plausible  reason  why  this  should  be  so  is  given. 

On  the  other  hand,  the  point  of  view  which  I  am  defending  maintains 
that  when  two  atoms  are  drawn  together  by  a  stronger  chemical  afiKnity, 
the  volumes  of  their  spheres  of  influence^  must  be  diminished  at  the  smiaoes 
of  contact,  and  that  when  the  molecules  are  bound  together  by  strong  co* 
hesive  affinity,  their  volumes  are  again  diminished  by  the  cohesive  pres- 
sure exerted  upon  the  contiguous  surfeu^es.  This  theory  maintains  that 
both  affinity  and  cohesion  not  only  hold  the  atoms  together,  but  that  they 
puU  the  atoms  together.  Hence  the  volume  occupied  by  a  solid  or  hquid 
is  dependent  upon  the  variable  forces  which  come  into  play.  The  forces 
art  shown  to  be  not  arbitrarily  determined,  but  to  be  inherent  in  the  atoms; 
and  every  change  in  affinity  must  produce  its  corresponding  change' in 
volume. 

These  two  points  of  view  are  perfectly  definite  and  entirely  antagonistic. 
Messrs.  Pope  and  Barlow  think  that  they  have  obtained  support  for  theirs 
in  some  of  the  facts  of  crystallography.  In  my  last  paper  I  endeavored 
to  show,  as  they  state,  that  all  the  facts  adduced  by  them  are  inconclusive, 
being  capable  of  explanation  in  other  ways.  On  the  other  hand,  in  sup- 
port of  the  opposing  theory  (which  maintains  volume  to  be  determined 
not  by  an  arbitrary  choice  of  valence  on  the  part  of  the  crystallographer, 
but  rather  by  the  actual  affinities  which  play  upon  the  atom),  very  many 
facts  have  been  brought  forward  in  my  papers  upon  the  significance  of 
changing  atomic  voltune*  seeming  to  leave  no  doubt  that  solid  and  liqmd 
volumes  are  really  determined  in  this  way. 

Countless  facts  quoted  from  these  papers  might  be  reviewed  to  show  the 
reasonableness  of  ascribing  to  chemical  affinity  and  cohesion  an  important 
share  in  determining  the  volume  of  solids  and  liquids;  for  instance,  the 
fact  that  the  less  cohesive  elements  have  large  molecular  volumes  and  large 
compressibilities,  the  fact  that,  in  general,  among  isomers  the  more  volatile 
are  also  the  more  compressible,  less  dense,  possess  less  surface  tensions 
and  greater  coefficients  of  expansion,  the  fact  that,  in  general,  the  exhibition 
of  greater  chemical  affinity  seems  to  involve  greater  diminution  in  volume, 

^  Because  these  "spheres  of  influence"  always  accompany  the  atoms  and  seem  al- 
ways to  represent  them  m  their  volume  relations,  I  call  the  "spheres"  the  atoms  them- 
selves. The  term  "spheres  of  influence"  seems  to  be  unforttmate,  because  in  all  com- 
pounds these  spaces  occupied  by  the  atoms  can  scarcely  be  spherical;  and,  moreover, 
some  influences  of  the  atoms  unquestionably  extend  beyond  them. 

*  A  bibliography  of  these  papers  is  in.  This  Journal,  36,  624  (1914)- 
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all  point  in  one  direction.^     On  the  other  hand,  the  theory  of  Messrs. 
Barlow  and  Pope  seems  to  take  account  of  none  of  these  things. 

Because  of  this  effect  of  the  powerful  forces  coming  into  play,  the  com- 
plete solution  of  the  problem  of  crystalline  form  demands  many  more 
far-reaching  arguments  than  ones  concerning  mere  matters  of  crystallo- 
graphic  detail.  The  knowledge  necessary  for  the  satisfactory  mathematical 
treatment  of  the  subject  involves  an  imderstanding  of  the  enormous  in- 
ternal pressures  which  bind  solids  together,  quite  beyond  the  reach  of 
any  mortal  today.  A  deductive  method  is  convincing  only  when  all 
the  factors  determining  a  given  phenomenon  are  taken  into  account; 
and  it  seems  to  me  that  some  of  the  chief  factors  have  been  left  altogether 
out  of  consideration  in  the  mathematical  theory  under  discussion.  One 
is  at  a  loss,  for  example,  as  to  how  the  theory  of  Barlow  and  Pope  can  ac- 
count for  the  enormous  shrinkage  in  volume  (to  much  less  than  half  of  the 
original  bulk  of  the  reacting  elements)  which  occurs  when  caesium  coi^- 
bines  with  liquid  chlorine.  The  interstices  in  the  most  loosely  dose- 
packed  system  in  the  original  substances  (the  elements)  could  not  account 
for  this,  because  geometrically  the  cube  is  less  than  twice  the  volume  of  the 
inscribed  sphere.  This  change  of  volume  is  not  accidental,  and  the  fact 
that  the  heat  evolved  and  the  free  energy  change  exhibited  by  such  changes 
show  a  traceable  connection  with  the  work  involved  in  the  compression 
shows  that  such  voltune  changes  are  deeply  significant  and  fundamental. 
Atoms  cannot  be  expected  to  contract  and  swell  up  to  conform  to  the  ex- 
igencies of  a  deductive  geometric  theory;  their  volupie-changes  must  be 
expected  to  be  far  more  logically  caused. 

Again,  no  notice  is  taken  in  the  immediately  preceding  paper  of  a  typical 
case  emphasized  in  mine,  namely,  the  relation  between  benzene  and  tetra- 
bromobenzene.  This  is  not  an  isolated  case,  but  is  typical  of  a  very  plenti- 
ful class  of  phenomena,  and  yet  the  authors  have  not  attempted  to  throw 
light  upon  it.  Benzene  has  a  molecular  volume  of  77.4,  tetrabromobenzene 
130.2.  They  both  have  the  same  number  of  valencies  within  them,  namely, 
30,  if  carbon  is  considered  as  a  tetrad.  It  is  evident  then  that  the  theory 
of  Barlow  and  Pope  demands  that  the  carbon  should  be  the  same  fraction 
of  the  total  voltune  in  each  case,  and  the  same  doctrine  holds  true  with 
regard  to  the  two  residual  atoms  of  hydrogen.  This  involves  the  assump- 
tion that  these  atoms  (or  their  "spheres  of  influence")  nearly  double  their 
bulk  when  the  other  associated  atoms  are  exchanged  on  a  purely  tmiva- 
lent  basis.  No  reason  whatever  for  this  extraordinary  increase  in  volume 
has  been  assigned,  and  I  cannot  help  thinking  that  any  chemist  who  has 
seriously  considered  the  subject  of  molecular  voltune  will  agree  with  me 
in  thinking  that  the  Pope-Barlow  asstunption  is  irrecondlaJble  with  the 
*  "The  Faraday  Lecture  of  19x1,"  /•  Chem.  Soe.,  99,  laoi  (1911);  Science  N.  5., 
34»537  (191X). 
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phenomena.  The  more  reasonable  explanation  is  that  the  atomic  volwne  of 
bromine  in  combination  is  much  larger  than  that  of  hydrogen,  as  all  of  the 
weU-known  considerations  of  Kopp  indicate.  Let  me  emphasize  once 
more  the  fact  that  this  is  a  typical  case,  and  that  it  was  advanced  in  my 
previous  paper  as  a  direct  challenge.  The  fact  that  it  was  ignored  seems 
to  imply  that  it  could  not  be  answered. 

Since  some  of  the  other  objections  raised  in  my  previous  paper  seem  to 
have  been  misunderstood,  the  more  important  differences  of  opinion  about 
them  may  be  briefly  reviewed.  For  example,  with  regard  to  the  results 
of  Le  Bas,  the  eminent  controversialists  seem  to  have  overlooked  the 
fact  that  while  I  explicitly  referred  to  the  obviously  closer  agreement  of 
their  calculated  figures  as  compared  with  those  corresponding  to  my 
assumption,  I  pointed  out  that  even  the  most  divergent  results  fit  the 
facts  quite  as  closely  as  anyone  has  a  right  to  expect,  because  of  the  ar- 
bitrary assumption  as  to  the  temperature  of  comparison.  Barlow  and 
Pope  chose  the  ratio:  voltune  H  »  ^/i  voltune  carbon  (exactly);  and  in 
order  to  show  that  the  deviations  produced  even  by  a  great  departure  from 
this  proportion  were  tmimportant,  I  chose  the  entirely  different  ratio: 
volume  of  hydrogen  =  V2  volume  of  carbon.  It  is  easy  for  anyone  ta 
calculate,  however,  that  if  such  a  ratio  as  i  :  3.5  or  i  :  4.5  or  even  i  :  5. 
is  chosen,  results  of  the  same  order  of  accuracy  as  those  obtained  from. 
Barlow  and  Pope's  exact  ratio  i  :  4  are  obtained;  for  example,  if  hydrogen 
is  taken  as  2.553  cc.  and  carbon  is  taken  as  12.765  cc.  (five  times  the  hydro- 
gen) the  theoretical  values  calculated  for  the  first  fifteen  hydrocarbons 
in  the  table  of  Le  Bas  agree  on  the  average  at  least  twice  as  well  with  the 
observed  facts  as  those  computed  according  to  Barlow  and  Pope's  as- 
sumption of  the  ratio  i  :  4.^ 

Tabls  Giving  Typical  Comparisons  of  Hydrocarbons  with  Lbss  than  30  Atoms  of 

Carbon. 

Mol.  voL  Barlow 

'  at  melt-         and  Pope's  New 

inf  point.       awumption.  asmmption. 

Found.     Vol.  C  -  4  Vol.  H.  Error.       Vol.  C  -  5  Vol.  H.       Error 

CuHm 201.4  2Q2«0  0.6  301.7  0.3 

CiiHit 237-3  237.6  0.3  237.4  0.1 

CiiHti 273.2  273.2  o  273.2  o 

CisHsT 326.9  326.7  0.2  326.8  0.1 

CttHfi 398.3  398.0  0.3  398.3  o 

CstHm 487.4  481. 1  0.3  487.6  0.2 

How,  therefore,  they  can  claim  that  these  figures  afford  any  significant 
support  for  any  exact  ratio,  I  do  not  understand.  To  me  it  seems  that 
their  argument  amounts  to  a  process  which  might  be  called  mathematical 
hair-splitting,  especially  when  the  quality  of  the  data  in  question  is  taken 
^  The  last  three  with  over  thirty  atoms  of  carbon  to  the  molecule  are  not  quite 
ao  conformant,  but,  even  as  a  whole,  the  series  of  calculated  results  is  about  as  good  as 
Pope  and  Barlow's. 
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into  consideration.  Moreover,  the  paraffin  hydrocarbons  were  liquids, 
not  crystals,  at  the  temperatures  measured;  and  in  any  case,  they  are 
unique  in  their  properties,  hence  it  is  not  safe  to  transfer  conclusions  drawn 
from  them  to  other  compounds.  ^  The  principles  used  by  Le  Bas  and  Barlow 
and  Pope,  if  applied  to  aromatic  hydrocarbons,  completely  collapse.  In 
the  Ught  of  these  remarks,  a  careful  perusal  of  my  earlier  statements 
upon  page  385  will  furnish  evidence  which  needs  no  further  elucidation. 
I  beg  leave  to  dissent  entirely  from  their  statement  with  regard  to  this 
matter  on  page  1681  of  their  paper. 

The  immediately  foregoing  paper  contains  several  examples  brought 
forward  in  order  to  show  that  the  theory  of  Barlow  and  Pope  is  capable 
of  showing  resemblances  between  morphotropic  organic  and  inorganic 
substances.  It  seems  to  me  that  these  examples  add  little  to  the  general 
argument;  they  are  really  of  the  same  dass  as  the  partial  S3rmmetries  of 
organic  substances  discussed  in  my  earlier  paper.  The  bringing  forward 
of  these  examples  seems  rather  to  indicate  a  misunderstanding  as  to  the 
general  criticism  of  the  method.  I  have  from  the  first  admitted  cordially 
that  the  mathematical  method  of  equivalence-parameters  involving  valency 
volume  is  capable  of  showing  resemblances;  the  difficulty  with  it  is  rather 
that  it  seems  to  be  capable  of  showing  resemblances  where  none  exist* 
and,  therefore,  its  results  must  be  received  with  great  caution. 

In  a  number  of  minor  points  also  there  seems  to  be  misconcepticm  or 
misunderstanding.  For  example,  Mr.  Barlow  and  Professor  Pope  must 
adopt  some  other  structural  formula  for  ammonium  chloride  than  that 
which  corresponds  with  my  notion.  They  often  arbitrarily  choose,  in 
assigning  their  valency  volume,  the  lowest  valency  which  an  element  ex- 
hibits, regardless  of  the  actual  valency  in  the  particular  case.  For  ex- 
ample the  radical  of  ammonitun  is  supposed  to  have  seven  valencies  in 
all;  NHj  +  H2  seems  to  be  considered  as  a  imivalent  complex.  But  is 
not  this  (like  a  ntunber  of  their  other  methods)  rather  an  arbitrary  pro- 
ceeding? To  me  NH4CI  seems  to  have  ten  valencies,  five  on  the  nitrogen, 
one  on  each  hydrogen,  and  one  on  the  chlorine.  Therefore,  if  each  valency 
had  an  equal  volume,  nine  voltmies  would  belong  to  ammonitun  and  one  to 
chlorine.  Again,  the  intimate  structure  of  the  cube  of  caesitun  chloride, 
as  illustrated  in  my  previous  paper,  must  certainly  be  considered  as  hemi- 
hedral,  because  both  the  chlorine  atoms  and  the  caesitun  atoms  are  ar- 
ranged in  tetrahedral  symmetry.*  The  fact  that  externally  the  form  is 
cubic,  makes  the  structure  holohedral  only  from  a  superficial  geometric 
point  of  view.  The  question  here  is,  of  coiu*se,  entirely  as  to  the  significance 
attached  to  the  words  hemihedral  and  holohedral,  which  in  this  case  would 
differ  according  as  the  siuf ace  of  the  crystal  or  its  ultimate  structiu-e  is 

^  L.  J.  Henderson,  "The  Fitness  of  the  Environment/'  p.  215  (MacmiUan),  (1913). 
*  See  Barlow,  Loc,  cU,,  p.  550. 
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taken  into  consideration.  That  Barlow,  in  1897,  proposed  and  rejected 
something  analogous  to  the  arrangement  which  I  pictured  was  overlooked 
by  me,  because  his  diagram  is  so  very  different  in  appearance  (loc,  cit., 
p.  550),  but  the  fact  does  not  change  my  opinion  that  the  aforesaid  pictt^'e 
is  the  most  reasonable  explanation  of  the  facts.  If  the  atom  is  acknowl- 
edged to  be  compressible,  this  arrangement  is  as  dosely-packed  as  any 
other,  and  it  would  be  firmly  tied  together  by  the  strongly  attractive  afl&nity 
of  the  two  components,  thus  forming  a  thoroughly  stable  system.  The 
substitution  of  potassium  for  some  of  the  caesium  would  not  be  difficult 
in  a  compressible  system.  Incidentally,  the  introduction  of  this  question 
gives  me  the  opportunity  of  acknowledging  that  Professor  Sollas  in  a  very 
interesting  paper  published  in  the  Proceedings  of  the  Royal  Society  in 
1898,^  proposed  a  structure  of  sodium  chloride  essentially  similar  to  that 
advocated  by  me  for  caesium  chloride,  without,  however,  the  addition  of 
the  idea  of  atomic  compressibility.  Sollas's  theory  with  regard  to  this 
substance  seems  to  me  far  more  reasonable  than  that  of  his  antagonists, 
but  his  concepts  are  less  satisfactory  when  they  depart  from  the  idea  of 
dose-packing. 

It  would  be  wearisome  to  consider  here  every  detail  of  the  misunder^ 
standing  involved  in  the  paper  of  Mr.  Barlow  and  Professor  Pope;  indeed, 
this  is  not  necessary,  for  a  careful  perusal  of  the  papers  in  question  will 
give  the  intelligent  reader  abundant  opportunity  to  decide  between  the 
alternatives  according  to  his  appreciation  of  the  cogency  of  the  respective 
arguments.  It  is  important  to  note  that  no  evidence  in  any  way  contrary 
to  the  theory  of  compressible  atoms  has  been  adduced  by  the  eminent 
transatlantic  investigators. 

Nevertheless  one  further  point  introduced  by  their  paper  seems  worthy 
of  further  discussion,  especially  since  it  concerns  the  general  principles 
of  research.  The  authors  feel  that  a  qualitative  argument  must  neces- 
sarily give  way  before  a  highly  developed  quantitative  one;  and  because 
this  feeling  seems  to  be  general  with  regard  to  many  physicochemical 
phenomena,  I  am  glad  to  take  this  opportunity  to  express  my  attitude. 
No  one  could  believe  more  completely  than  I  in  the  importance  of  quanti- 
tative mathematical  discussion;  I  have  given  most  of  my  life  to  the  at- 
tempt to  secure  more  accurate  quantitative  data  of  many  kinds.  A  scien- 
tific argument  which  is  wholly  lacking  in  quantitative  support  cannot 
be  satisfactory;  but  on  the  other  hand  a  highly  developed  mathematical 
treatment  which  rests  upon  unsotmd  premises  is  usually  much  worse 
than  none.  Such  a  treatment  is  likely  to  carry  with  it  a  false  feeling  of 
security,  and  to  be  less  valuable  than  a  merely  qualitative  discussion  based 
upon  sound  premises.  To  cite  an  extreme  example,  the  qualitative  dis- 
cussion of  the  nature  of  oxygen  by  Rey,  Hooke,  and  Mayow  in  the  seven- 
» W.  J.  SoUaSi  Proc,  Roy.  StfC,,  63,  273  (1898). 
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teenth  century  was  much  more  nearly  correct  than  the  later  quantitative 
explanation  of  the  ultra-phlogistonists,  which  ascribed  negative  gravity 
to  phlogiston  in  order  to  explain  many  of  the  same  facts.  The  latter 
explanation  appeared  to  be  at  least  consistent  from  a  quantitative  point 
of  view,  but  was  very  ill-founded  as  regards  its  fundamental  premises. 
Not  only  in  this  matter  of  crystalline  form,  but  in  many  other  physico- 
chemical  problems,  it  seems  to  me  highly  desirable  that  the  fundamental 
premises  or  original  assumptions  shotdd  be  reasonable,  and  in  accordance 
with  as  wide  a  variety  of  facts  as  possible,  even  if  the  resulting  system  ap- 
pears to  us  now  to  be  too  complex  to  receive  complete  mathematical  treat- 
ment. 

Besides,  the  fact  should  be  emphasized  that  my  views  concerning  the 
significance  of  changing  atomic  volume  by  no  means  rest  upon  a  mere 
qualitative  basis;  they  are  supported  by  many  observations  of  a  highly 
quantitative  nature. 

To  stun  up  the  situation,  it  seems  to  me  that  the  immediately  preceding 
paper  under  discussion  has  not  attempted  to  answer  some  of  the  most 
important  objections  to  the  deductive  theory;  that  the  authors  have 
mistmderstood  others;  that  they  adopt  a  mathematical  treatment  which 
tends  often  to  make  disagreeing  results  more  harmonious,  and  then  find 
crystallographic  confirmations  of  their  deductive  tenets  which  do  not  seem 
to  me  to  be  cogent;  that  here  as  before  they  seem  to  have  essentially 
overlooked  the  very  large  internal  pressures  which  must  exist  in  solids, 
and  have  not  heeded  the  arguments  from  which  the  existence  and  effects  of 
these  pressures  are  inferred;  that  the  paper  gives  evidence  of  an  illusory 
security  sometimes  felt  by  those  who  put  their  trust  in  a  complex  mathe- 
matical superstructure  rather  than  in  a  firm  foundation  of  sound  assump- 
tions, and  that  no  argument  has  been  advanced  to  show  that  my  funda- 
mental assumptions  are  not  sounder  than  those  of  the  joint  authors.  On 
the  other  hand,  the  various  papers  on  the  significance  of  atomic  volume 
have  brought  forward  so  many  evidences  in  favor  of  atomic  compressi- 
bility as  to  put  the  burden  of  proof  on  any  contrary  hypothesis. 

In  conclusion  it  gives  me  much  pleasure  to  express  once  more  my  ap- 
preciation of  the  real  service  which  Mr.  Barlow  and  Professor  Pope  have 
done  by  collating  a  great  quantity  of  crystallographic  data;  and  to  this 
expression  I  must  add  my  regret  that  I  have  found  their  fundamental 
doctrine  of  valency  volume  irreconcilable  with  a  broader  view  of  the  nature 
of  solids  and  liquids  and  the  mechanism  of  chemical  change. 

Hakvard  Umivsikbitt.  Cambkidob.  Masb. 


Additional  Note  by  William  Baiiow  and  William  Jackson  Pope. 
The  perusal  of  the  two  foregoing  communications  will  probably  con- 
vince the  reader  that  little  of  public  utility  will  result  from  the  further 
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continuance  of  the  discussion  in  This  Journal.  This  reason  alone  would 
lead  us  to  decline  further  controversy  on  the  subject  for  the  present 
after  having  had  the  opportunity  of  putting  our  case  forward  in  these 
pages;  another  and  weightier  reason  seems  now,  however,  to  render  further 
immediate  discussion  superfluous.  During  the  last  year  or  two  a  method 
for  the  practical  determination  of  crystal  structure  has  been  developed  by 
Xaue  and  by  W.  H.  and  W.  L.  Bragg,  which  gives  every  promise  of  ulti- 
mately leading  to  very  precise  information  concerning  the  arrangement  of 
the  atotos  in  a  crystalline  structure.  While  we  greatly  appreciate  the  frank 
and  courteous  manner  in  which  Professor  Richards  has  dealt  with  our 
crystallographic  work  we  think  that  further  discussion  on  the  lines  laid 
down  in  the  preceding  two  papers  may  well  be  postponed  until  the  im- 
portant developments  which  are  promised  have  had  time  to  mature. 

Cambudos,  Bmolano. 


THE  MIXED  CRYSTALS  OF  AMMONIUM  CHLORIDB  WITH 
MANGANESE  CHLORIDE. 

By  H.  W.  Foots  amd  Blaxk  Saxton. 
Received  June  15,  1914. 

The  products  which  form  when  mixed  solutions  of  ammonium  and 
manganese  chlorides  are  allowed  to  crystallize,  have  been  investigated 
repeatedly  and  a  number  of  double  salts  have  been  described  by  different 
investigators.*    In  the  early  work,  the  possibility  of  mixed-crystal  forma- 
tion was  not  taken  into  account,  so  that  any  material  which  appeared 
homogeneous  was  considered  a  chemical  compotmd  and  at  least  four  double 
salts  were  described  which  imdoubtedly  do  not  exist.    Lehman'  first 
recognized  that  ammonium  chloride  was  capable  of  forming  a  curious 
type  of  mixed  crystal  or  solid  solution  with  manganese  chloride,  as  well 
as  with  a  number  of  chlorides  of  other  metals  such  as  nickel  and  ferrous 
and  ferric  iron,  and  he  and  also  Johnsen'  investigated  them,  chiefly  from 
a  crystallographic  standpoint.    The  most  complete  investigation  on  the 
double  salts  of  the  chlorides  of  ammonium  and  manganese  was  carried 
out  by  Saunders.^    He  repeated  the  work  of  some  of  the  previous  investi- 
gators, following  their  directions  so  far  as  practicable  and  concluded 
that  only  one  double  salt  forms,  which  has  the  formula  2NH4Cl.MnClt.- 
2HsO.     He  analyzed  a  number  of  products  which  did  not  give  rational 
formulas,  and  concluded  that  these  were  mechanical  mixtures;  but  he 
did  not  consider  the  possibility  of  true  mixed-crystal  formation.    Leh- 
man's work,  which  appeared  nine  years  previously,  was  apparently  un- 
^  A  summary  of  the  literattire  on  the  subject  will  be  found  in  Abegg's  "Handb.  der 
anorg.  Chem./'  7th  Group,  p.  705. 

•  Z.  KrysL,  8,  438  (1883). 

*  N,  Jahrb.  Min.,  2,  93  (1903). 
*Am.  Chem.  /.,  14,  127  (1892). 
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known  to  Saunders.  The  extent  of  mixed-crystal  formation  and  the  con- 
ditions  which  produce  mixed  crystals  instead  of  double  salts  have  not 
been  determined.  While  investigating  these  points,  some  interesting, 
and  rather  unusual,  relations  have  been  discovered.  Our  results  show 
that  ammonium  chloride  and  the  double  salt  form  two  series  of  mixed 
crystals,  there  being  a  gap  between  the  limiting  composition  of  each  type. 
From  the  results,  conclusions  can  be  drawn  as  to  the  components  making 
up  the  mixed  crystals,  which  has  not  been  possible  before. 

The  method  which  has  been  used  to  determine  the  solid  phases  and  the 
conditions  for  their  formation,  is  essentially  the  same  solubility  method 
that  has  been  used  before,  by  one  of  us,^  in  determining  the  mixed' crystals 
of  ammonium  chloride  with  nickel  and'  cobalt  chlorides.  The  solubility 
of  varying  mixtures  of  ammonium  and  manganese  chlorides  has  been  de- 
termined at  25^,  analyzing  both  residues  and  solutions.  From  a  series 
of  such  results,  the  solid  phases  which  form  can  be  determined. 

Weighed  quantities  of  the  recrystallized  salts  were  transferred  to  bottles, 
treated  with  water  and  warmed  till  all  dissolved.  The  bottles  were  rotated 
for  at  least  48  hrs.  in  a  thermostat  at  25^  using  glass  rods  in  the  bottles 
to  assist  in  reaching  equilibrium.  After  the  residues  had  settled  in  the 
bottles,  weighed  portions  of  solution  were  drawn  off  through  a  filter  of 
glass  wool  for  analysis.  The  residues  were  then  removed  and  dried  as 
rapidly  as  possible  between  filter  papers.  Ammonia  was  determined 
in  the  usual  manner,  by  distilling  with  potassium  hydroxide,  absorbing 
the  ammonia  in  standard  add  and  titrating  the  excess.  Manganese 
was  precipitated  as  NH4MnP04,  filtered  on  a  Gooch  crucible  and  weighed 
as  MnaPsOr.  Water  was  calculated  in  the  residues  from  the  percentage 
of  manganese  chloride,  assuming  that  the  latter  was  present  as  dihydrate. 
The  results  for  water  are  practically  the  same  that  would  be  obtained  by 
difference.  The  analytical  data  for  solutions  are  undoubtedly  somewhat 
more  accurate  than  for  residues.  This  is  because  the  solution  can  be 
obtained  free  from  residue,  while  the  latter  is  of  necessity  somewhat  con- 
taminated with  solution. 

The  results  obtained  are  given  in  Table  I. 

The  results  are  shown  graphically  in  Fig.  i.  The  percentage  of  ammo- 
nium chloride  in  the  residue  is  plotted  as  abscissa  and  the  composition  of 
the  solution  as  ordinate.  Two  curves  are  shown,  one  expressing  the  com- 
position of  the  solutions  in  percentage  of  ammonium  chloride,  the  other, 
in  percentage  of  manganese  chloride. 

Nos.  1-5  in  Table  I  show  variable  composition  of  residue  and  of  solution. 

They  are  represented  in  Fig.  i  on  the  curves  AB  and  CD.     In  this  series, 

it  is  evident  that  mixed  crystals  of  ammonium  chloride  with  varying 

amotmts  of  manganese  chloride  dihydrate  were  present..    They  correspond 

1  This  Journal,  34,  880  (1912)- 
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Chlo&ids  at  25  ^ 

Reddue. 

Total. 

%NH4CL  %MaCli. 

%H,0. 

Residue  contains. 

93  83 

5.31 

1,52 

100.66 

90.24 

7.76 

2.22 

100.22 

83.98 

12.41 

3.55 

99.94 

82.03 

14.31 

4.09 

100.43 

76.20 

18.60 

5.32 

100.12 

74.27 

20.03 

5.73 

100.03 

72.74 

21.58 

6.17 

100.49 

a  and  fi    mixed 

70.41 

22.93 

6.56 

99.90 

crystals 

63.85 

28.32 

8. II 

100.28 

56.18 

34.40 

9.84 

100.42 

47.06 

41.33 

11.83 

100.22 

fi    mixed    crys- 

42.81 

44.87 

12.84 

100.52 

tals   or   double 

39.36 

47.64 

13.63 

100.63 

salt    2NHUa.. 

37.76 

48.79 

13.96 

100.51 

MnClt.2H«0 

35.66 

50.00 

14.31 

99.97  J 

16.29 

58.27 

Double   salt   and 

7.30 

61.88 

.... 

.... 

'    manganese  ch\n. 
ride 

Tablb  I.--Soi<UBiuTy  of  Miztukbs  of  Ammonium  Chlorids  and  Manoanbsb 


Soltttion. 

No.  %NH4C1.  %Mnat. 

1 23.97  7.97 

2 22.94  9.65 

3 21.45  12.31 

4 21.18  13.38 

5 20.10  15.19 

6 19.70  15.92 

7 19.75  16.02 

8 19.69  16.05 

9 19.67  15.47 

10 17.09  18.76 

II 15.05  22.44 

12 13.17  24.52 

13 9.15  29.24 

14 5.90  3478 

15 3.77  39.48 

16 2.98  43.71 

17 2.94  43.44 


to  the  mixed  crystals  with  ferric  chloride  investigated  by  Roozeboom,^ 
van  der  Kolk*  and  Mohr,*  and  with  nickel  and  cobalt  chlorides  investi- 
gated by  one  of  us.*  We  shall  call  these  crystals  the  a  variety.  Nos. 
10-15  again  show  variable  composition  of  residue  and  solution.  They 
are  represented  in  Fig.  i  on  the  curves  EF  and  GH.  It  wiU  be  noted, 
however,  that  the  curves  are  nearly  vertical  toward  the  end,  which  means 
that  the  composition  of  the  residue  is  nearly  constant  but  has  variable 
solubility.  TTiis  shows  the  presence  of  a  double  salt.  The  double  salt 
described  by  Saunders  contains  39.8%  NH4CI,  which  is  nearly  the  same 
as  the  residue  of  No.  13,  l3ring  on  that  part  of  the  curve  which  is  nearly 
vertical.  Nos.  14  and  15  contain  somewhat  more  manganese  and  less 
ammonium  chloride  than  does  the  pure  double  salt.  It  must  be  remem- 
bered, however,  that  the  residues  in  determining  solubility  were  of  neces- 
sity very  finely  divided,  in  order  to  insure  equilibrium  with  the  solution, 
and  were,  therefore,  somewhat  contaminated  with  mother  liquor.  This 
accounts  for  the  variation  in  composition.  There  seems,  therefore,  no 
doubt  that  the  2  :  i  double  salt  exists.  This  series  of  results,  however, 
gives  residues  containing  up  to  64%  of  ammonium  chloride,  or  about 
24%  more  than  the  pure  double  salt,  showing  that  the  latter  forms  a 

'  Z.  physik.  Chem.t  10,  145  (1892). 

•iW.,  XI,  167  (1893). 

•/Wrf.,  27, 193  (1898). 

*  This  Journal,  34,  880  (1912). 
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series  of  mixed  crystals  containing  an  excess  of  ammonium  chloride. 
These  we  have  called  P  crystals.  Before  the  solubility  series  was  com- 
pleted, there  appeared  to  be  a  complete  series  of  mixed  crystals  between 
ammonium  chloride  and  the  double  salt.  Nos.  6-9  in  Table  I,  repre- 
sented in  the  figiu-e  by  the  horizontals,  have,  however,  practically  constant 


^50       3^       33       3S" 

Per  cent.  NH4CI  in  Residue. 

solubility  with  variable  residue,  showing  that  two  solid  phases  were  pres- 
ent.    In  this  series,  the  a  and  fi  crystals  were  evidently  both  present  in 
variable  proportions. 
To  obtain  the  pure  double  salt  in  well  crystallized  condition,  we  pre- 
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pared  a  solution  whose  composition  was  calculated  from  our  solubility 
data,  such  that  after  io%  of  the  dissolved  salts  had  crystallized,  the 
remaining  solution  would  have  approximately  the  composition  of  the 
solution  in  No.  13.  The  amounts  used  were:  52  g.  NH4CI;  233  g.  MnCla.- 
4HsO;  and  204  cc.  H2O.  The  salt  separated  in  good  crystals,  similar  to 
those  obtained  by  Saunders.  It  should  be  mentioned  in  this  connection, 
that,  where  either  form  of  mixed  crystal  was  obtained,  the  material  was 
in  a  fine  granular,  poorly  crystallized  condition,  even  when  it  separated 
slowly  from  a  considerable  volume.  An  analysis  of  the  salt  gave  the 
following  results: 

Calculated  for 
L  II.       2NH4a.MnClt.2HtO. 

NH4CI 40.01  40.05  39.80 

MnClt 47-21  46.96  46.81 

Another  crop  of  crystals  was  obtained  from  a  solution  which  corresponded 
in  composition  with  that  of  No.  14  in  Table  I.  The  analysis  of  this  crop 
of  crystals  was  as  follows: 

L  IL 

NH4CI 39.00  38.99 

MnCU 47.47  47.59 

The  large  excess  of  manganese  chloride  in  the  solution  caused  some  con- 
tamination, but  the  results  are  sufficiently  dose  to  the  theory  for  double 
salt  to  prove  that  it  was  present. 

The  results  which  have  been  given  show  that  a  very  rare  type  of  solid 
solution  exists  in  the  present  case,  in  which  a  single  salt  and  a  double 
salt  are  each  capable  of  taking  up  very  considerable  quantities  of  the 
other  to  form  homogeneous  mixed  crystals.  The  case  is  somewhat  similar 
in  character  to  the  isomorphism  between  dolomite  and  calcite.^  Nos. 
6  and  9  in  Table  I  show  the  approximate  limits  in  composition  of  the  a 
and  fi  crystals  at  25^ 

Calorimetric  Results. 

In  connection  with  the  work  on  solubility,  we  have  carried  out  a  series 
of  calorimetric  determinations  which  show  the  heat  effect  of  solid  solution. 
These  results  confirm  the  existence  of  the  two  types  of  crystals  and  also 
offer  very  strong  evidence  regarding  the  components  which  make  up  the 
mixed  crystals. 

The  method  adopted  was  as  follows:  The  heat  of  solution  of  10  g. 
of  mixed  crystals  in  500  g.  of  water  was  determined.  This  determination 
was  duplicated  in  every  way  except  that  an  equal  weight  of  a  mechanical 
mixture  of  ammonium  chloride  and  manganese  chloride  dihydrate  was 
substituted  for  the  mixed  crystals.  The  difference  gives  the  heat  involved 
in  the  formation  of  the  mixed  crystals  from  the  single  salts.  From  these 
determinations,  results  which  are  comparable  in  different  lots  of  mixed 
» Am,  J,  Set.,  37, 339  (1914). 
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crystals  may  readily  be  calculated.  The  calorimeter  used  in  the  work  has 
been  described  by  Haigh.^  The  silver  containing-vessel  held  about  500 
cc.  The  thermometer  used  was  corrected  by  comparison  with  a  standard 
instrument.  The  total  heat  capacity  of  the  calorimeter,  using  500  g. 
of  water  in  all  the  work,  was  513.7  calories.  The  salts  were  finely  ground 
in  every  case  and  dissolved  so  rapidly  that  thermometer  readings  could 
be  taken  after  an  interval  of  two  minutes.  The  temperature  of  the  water 
in  the  outer  jacket  and  in  the  silver  vessel,  and  the  rate  of  stirring,  were 
so  adjusted  that  radiation  corrections  were  minimized. 

For  the  mechanical  mixtures,  it  was  necessary  to  prepare  the  dihydrate 
of  manganese  chloride,  since  both  the  double  salt  and  the  mixed  crystals 
contain  this  component.  The  method  used  is  that  given  by  Lescoeur* 
and  by  Dawson  and  Williams.'  The  method  consists  essentially  in  dis- 
solving the  tetrahydrate  in  95%  alcohol  and  saturating  the  solution  with 
hydrochloric  add  gas.  For  our  purposes,  200  g.  of  the  salt  were  dissolved 
in  350  cc.  of  alcohol.  The  first  yield  was  about  100  g.  of  the  salt,  but 
more  separated  later  after  standing.  The  product  obtained  is  exceedingly 
pure.  It  was  dried  in  a  desiccator  over  caustic  potash  and  finally  heated 
in  an  air  bath  at  50^  to  remove  traces  of  alcohol  and  add.  To  test  the 
purity,  manganese  was  determined  as  sulfate: 

MnClt  found:  77 -^i  77*72;  calc.  77-74. 

Four  samples  of  mixed  crystals  were  prepared.  Two  of  these  were  the 
fi  crystals,  one  was  the  a  form  and  the  other  (No.  2)  prepared  before  we 
were  aware  that  two  forms  existed,  was  nearly  pure  a,  with  probably 
a  slight  admixture  of  the  fi  form.  The  composition  of  the  solutions  from 
which  the  samples  crystallized  was  calculated  from  sblubility  data,  al- 
lowing about  10%  of  the  salts  dissolved  to  crystallize.  The  oystals 
were  small  and  opaque.  Those  bdonging  to  the  fi  type  had  a  marked 
pink  color,  while  the  others,  with  more  ammonium  chloride,  were  more 
nearly  white.  The  following  results  were  bbtained  by  the  anal3rsis  of 
each  crop. 

HtO,  %. 
/Calculated  as\  Type  of 

NH4CI.  %.       MnCk.  %.    (  dihydrate.    )       TotaL  crystal 

1 7855  i6-99  4-8o  100.34  a 

2 7500  1978  5.53  100.31  «* 

3 61.25  29.55  8.46  99.26  /J 

4 47-96  40.51  11.59  100.06  /3 

The  above  results  represent,  of  course,  the  average  composition  of  each 
sample.  Undoubtedly  the  first  crystals  deposited  from  solution  contained 
somewhat  more  anunonium  chloride.    The  percentages  given  were  re- 

^  Tbis  Journal,  34, 1144  (1912). 

*  Ann.  chim.  phys.,  [7]  a,  78  (1894). 
"  Z.  physik.  Chem.,  31,  59  (1899). 

*  Probably  contained  a  small  amount^of  fi. 
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calculated  to  an  even  100%  when  mechanical  mixtures  were  to  be  made 
of  the  same  composition. 

The  following  calorimetric  results  were  obtained,  using  the  mixed  crystals 
whose  composition  is  given  above,  and  mechanical  mixtures  of  the  same 
composition  (Tables  II~V).  The  heat  capacity  of  the  calorimeter  and 
water,  was  in  all  cases  513.7  calories. 

Tablb  II. 
a  Mixed  Crystals,  78.38%  NH4CI. 


1.  Median,  mixture. 

2.  Mechan.  mixture. 

3.  Mixed  crystals. . . 

4.  Mixed  crystals. . . 


.841 
.843 

.815 
.818 


Heat  effect 
(in  calorics). 

—432.1  \ 

—433.1/ 

—418.7  \ 
—420.2  j 


Tabus  III. 
a  Mixed  Crystals  (chiefly).     74.69%  NH4CI. 

1.  Mechan.  mixture —0.771 

2.  Mechan.  mixture — 0.766 

3.  Mixed  crystals — 0.755 

4.  Mixed  crystals — 0.761 


—396.1  \ 
—393.5  J 
-387.9! 
—390.9  J 


Average  heat 
effect  (in  calories). 

—432.6 


—419.5 

—394.8 
—389.4 


1.  Mechan.  mixture, 

2.  Mechan.  mixture 

3.  Mechan.  mixture 

4.  Mixed  crystals. . , 

5.  Mixed  crystals. . 


Tablb  IV. 
fi  Mixed  Crystals.    61 .99%  NH4CI. 

—242.5 
—239-9 
—239.4 

—275.9 
—273.8 


>.472 
5.467 
3.466 


>.537 
>.533 


Tabids  V. 
fi Mixed  Crystals.    4796%  NH4CI. 


X.  Mechan.  mixture. 

2.  Mechan.  mixture. 

3.  Mechan.  mixture. 

4.  Mixed  crystals... 

5.  Mixed  crystals. . . 


>.i67 
>.i6i 
).i6o 

>.24I 

>.233 


240.6 


—274.9 


83.6 


— 121. 8 


The  actual  heat  effect  caused  by  the  formation  of  10  g.  of  mixed  crystals 
from  the  single  salts  is  obviously  equal  to  the  heat  of  solution  of  the  me- 
chanical mixture  minus  that  of  the  mixed  crystals.  These  values  are 
given  in  Table  VI. 

Tablb  VI. 
Heat  of  Formation  of  10.00  g.  Mixed  Crystals  from  the  Single  Salts. 

Heat  effect 


NH4a 

inialt.     %. 

Type  of 
cryftaL 

78.38 
7469 
61.99 
47.96 

a 

a  (chiefly) 

(in  calories). 
—13. 1 
—  5.4 
+34.3 
+38.2 
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There  are  two  conclusions  to  be  drawn  from  these  results  without 
recalculating  them  in  any  manner.  The  heats  of  formation  axe  small 
compared  with  the  heats  of  solution  of  the  salts  in  water  and  the  heat  of 
formation  of  the  j8  crystals  is  positive  while  that  of  the  a  crystals  is  n^a- 
tive.  The  small  heat  of  formation  is  perhaps  to  be  expected,  as  the  few 
values  which  have  previously  been  determined  on  the  heat  of  formation 
of  mixed  crystals  have  all  been  small.  The  positive  and  negative  heats 
of  formation  oflFer  f luiier  evidence  that  the  a  and  j8  crystals  are  of  different 
type. 

To  recalculate  the  above  results  on  a  gram  molecular  basis,  brings  up 
the  question  of  what  components  are  to  be  considered  in  the  mixed  crystals. 
The  jS  crystals  can  hardly  be  considered  otherwise  than  a  solid  solution 
of  ammonium  chloride  in  the  double  salt,  but  it  is  evident  that  the  a 
crystals  may  be  considered  as  a  solid  solution,  either  of  the  double  salt, 
or  of  manganese  chloride  dihydrate,  in  ammonium  chloride.  Any  thermal 
calculation  based  on  the  double  salt  requires  its  heat  of  formation  from 
the  single  salts.  This  has  been  determined  by  the  method  given  above, 
using,  as  before,  lo  g.  of  material  in  each  determination. 

The  results  obtained  are  in  Table  VII. 
Tablb  VII.— Hsat  op  Formation  of  Doxtbls  Sai«t  2NH4Cl.MnCla.2H1O  from  NH4D 

AND  MnCls.2HaO. 

Molecnlv  heat 

Heat  e£Fect      Average  of  formation 

li-li.  (in  calories),  heat  effect        of  double  salt. 

1.  Mechan.  mixture +0.025       +12.8] 

2.  Mechan.  mixture +0.033       +17.0  [       +15.8 

3.  Mechan.  mixture +0.034      +17.5  j 

+1084  calories 

4.  Double  salt — 0.051      — 26 . 2  1 

5.  Double  salt — 0.046      — 23 .6  \       — 24.5 

6.  Double  salt — 0.046      — 23 .6  J 

Prom  the  data  we  have  calculated  the  heat  of  combination  of  i  gram 
molecule  of  double  salt  with  ammonium  chloride  in  the  a  crystals  and  of 
I  gram  molecule  of  ammonium  chloride  with  the  double  salt  in  the  j3 
crystals.    The  results  are  given  in  Tables  IX  and  X. 
Tabi«b  DC. — ^Hbat  of  Combination  of  i  Tablb  X. — ^Hbat  of  Combination  of 

MoL  Double  Salt  with  Ammonittm  i   Mol  Ammonium  Cm«ouDB  wtre 

Cm^RiDB  (a  Crystals).  Doublb  Salt  {fi  Crystals). 

Mob 

Total        Mob  Total        doable 

per  cent.    NH4CI:  per  cent.       salt: 

NH4a        I  mol        Heat  of  NHiO       I  mol         Heat  of 

in  mixed    doable       combi-  in  mixed    doable        oomU- 

crystab.       ealt.  nation.  cnratab.       salt.  natioo. 

1 78.38       8.97       —2067  3 61.99       0.34         +129 

2 7469       6.93       —1427  4 47.96       1.26         +133 

No.  2  is  probably  the  least  accurate,  for  reasons  previously  given,  and  the 
result  is  low.     Nos.  3  and  4  show  nearly  constant  heat  of  combination. 


Digitized  by 


Google 


MIX9D  CRYSTAI^  OF  AMMONIUM  CHLORIDQ.  1703 

In  Tabk  XI  the  thermal  results  are  recalculated  to  show  the  heat  of 
combination,  assuming  that  the  mixed  crystals  are  merely  solid  solutions 
of  MnC]i.2HaO  in  ammonium  chloride. 

TaBLB  XI.— HSAT  of  COICBINATION  OF   I   MOI<  MllCla.2HsO  WITH  NH4CI. 

Per  cent.  Heat 

NHiO  in  effect. 

mixed  crystals.  Cals. 

1 78.38  —  981 

2 7469  —345 

3 61 .99  +1461 

4 4796  +I189 

The  results  given  in  Tables  IX-XI  throw  some  light  on  the  question 
which  has  often  been  discussed,  as  to  how  these  mixed  crystals,  and  others 
of  similar  type,  are  to  be  regarded.  Previously,  only  the  a  type  of  crystals 
has  been  investigated  and  there  has  been  no  means  of  deciding  whether 
the  component  in  solid  solution  was  the  chloride  of  the  polyvalent  metal 
or  a  double  salt  of  the  latter  with  ammonium  chloride.  Without  means 
of  deciding,  the  simplest  method  of  representing  the  facts  has  been  to 
regard  the  crystals  as  solid  solutions  of  the  single  salt  in  ammonium 
chloride.  The  heats  of  combination  or  solid  solution  given  in  Tables 
IX  and  X,  assuming  that  the  components  are  ammonium  chloride  and 
double  salt,  are  at  least  approximately  constant  for  each  t3rpe  of  crystal, 
a  regularity  which  is  comparable  with  the  nearly  constant  heat  of  solution 
of  a  salt  in  water  with  varying  dilution.  As  will  be  shown  in  the  article 
which  follows,  the  heat  of  solid  solution  in  a  simple  case  of  isomorphism  is 
also  very  nearly  constant,  independent  of  dilution.  Assuming  that  mixed 
crystals  of  ammonium  chloride  and  manganese  chloride  form.  Table  XI, 
there  is  no  constancy  or  regularity  evident.  The  evidence,  it  seems  to 
us,  shows  that  the  double  salt  is  present  in  both  t3rpes  of  mixed  crystals. 
The  fact  also  that  the  double  salt  can  take  up  ammonium  chloride  {fi 
crystals)  makes  it  fair  to  assume  that  the  reciprocal  relation  exists  of  the 
(kmble  salt  in  ammonium  chloride  (a  crystals). 

The  a  crystals  are  similar  in  solubility  relations  to  the  mixed  crystals 
with  nickel  and  cobalt  chlorides,  although  no  corresponding  double  salts 
form  in  pure  condition.  These  should  undoubtedly  be  regarded  as  be- 
kmging  to  the  same  t3rpe,  containing  the  unstable  double  salts  2NH4CI.- 
NiCls.2HsO  or  2NH4Cl.CoCls.2H2O  in  ammonium  chloride. 

It  may  be  worth  while  to  point  out  that  there  are  other  cases  of  solid 
solution  between  dissimilar  substances,  where  there  is  uncertainty  as  to 
the  components.  For  instance,  p3rrrhotite  may  be  regarded  as  a  solid 
solution  of  pyrite  or  of  sulfur  in  ferrous  sulfide;  a  hardened  steel  may  be 
considered  as  a  solid  solution  of  iron  carbide  or  of  carbon  in  iron,  and 
nephelite,  as  it  occurs  in  nature,  as  a  solid  solution  of  albite  or  of  siUca 
in  the  compound  NaAlSiOf.    Analogy  with  the  case  investigated  suggests 
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that  the  components  in  these  instances  are  iron  sulfide  and  pyrite,  iron  and 
iron  carbide  and  nephelite  and  albite.  Further  investigation  is  needed, 
however,  to  decide  these  points. 

Shbvvxbu)  Chsmical  Labosatost. 
Yai^  UMivBitaiTT,  Ksw  Havsn.  Conn. 


ON  THE  HEAT  OF  FORMATION  OF  SOLID  SOLUTIONS. 

By  H.  W.  PooTE  AND  Blair  Sazton. 
Received  June  IS.  1914. 

Ever  since  van't  HoflF  pointed  out  that  isomorphous  mixtures  could  be 
considered  as  solid  solutions,  the  problem  has  been  an  interesting  one 
as  to  what  extent  the  properties  of  such  mixtures  are  a  linear  function  of 
composition.  It  is  safe  to  say  that,  in  general,  the  properties  are  much 
more  nearly  linear  than  are  the  properties  of  liquid  solutions.  For  instance, 
probably  no  isomorphous  mixtures  diverge  as  widely  in  properties  from 
a  linear  relation  as  solutions  of  water  and  nitric  add.  This  is  because 
substances  which  are  isomorphous  are  usually  very  closely  related  chem- 
ically, while  liquids  which  are  totally  unrelated  may  dissolve  each  other 
readily.  Some  properties  are  so  nearly  linear  that  it  has  not  been  possible 
to  measure  any  difference.  Retgers  has  shown,  for  example,  that  the  spe- 
cific gravity  of  isomorphous  mixtures  is  in  general  what  would  be  calculated 
if  they  were  considered  as  mechanical  mixtures.  This  property,  however, 
cannot  be  measured  with  very  great  accuracy  and  it  is  probable  that  a 
difference  does  exist  but  that  it  is  small.  Melting  points  and  vapor 
presstu-es,  so  far  as  they  are  known,  commonly  show  small  variations  from 
the  linear  relation.  These  small  variations  in  properties  are  an  expressicm 
of  the  fact  that  isomorphous  mixtures  contain  a  somewhat  different  amount 
of  energy  than  mechanical  mixtures  of  the  same  composition  do  and  that 
isomorphous  mixtures  have  what  may  be  termed  a  heat  of  solid  solution 
which,  in  general,  is  small.  Ostwald^  demonstrated  this  in  a  few  cases 
before  van't  Hoff's  work  appeared,  and  the  same  has  been  shown  since, 
notably  by  Sommerfeldt,'  Beketoff,*  Kumakov  and  Zemcynznyj^  and 
Wrzesnewski.*  The  results  all  show  that  there  is  a  small  podtive  or 
negative  heat  of  formation. 

Salts  which  are  isomorphous  with  each  other  only  to  a  limited  extent 
are  in  some  ways  comparable  with  partially  misdble  liquids.  The  com- 
position of  each  solid,  when  it  has  become  saturated  with  the  other,  is 
a  function  of  the  temperattu-e,  as  it  is  with  liquids.    With  liquids,  however, 

»  /.  ffn^.  Chem.,  25,  i  (1882). 

'  Jahrb,  Mineral.,  Beibl.,  13,  435  (1899-1901). 

■  Z.  anorg.  Chem,,  40,  355  (1904). 

*Jbid.,  53,  186  (1907). 

•  /.  Russ.  Phys.  Chem.  Soc.,  43,  1364  (191 1). 
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temperature  usually,  though  not  always,  affects  the  solubility  of  each  one 
in  the  other  in  the  same  way.  Thus,  rising  temperature  increases  the 
solubility  of  aniline  in  water  and  of  water  in  aniline.  With  solids,  so  far 
as  we  are  aware,  a  change  in  temperature  has  opposite  effects  on  the  solu- 
bility of  each  solid  in  the  other.  For  instance,  silver  and  sodium  chlorates 
each  form  a  limited  series  of  mixed  crystals  with  the  other.  ^  As  the  tem- 
perature rises,  the  amount  of  sodium  chlorate  which  silver  chlorate  can 
take  upy  forming  tetragonal  crystals,  falls  off,  while  the  amount  of  silver 
chlorate  increases  which  is  taken  up  by  sodium  chlorate  to  form  cubes. 
It  appears  from  the  principle  of  Le  ChateUer  that  there  should  be  a  con- 
nection between  the  heat  of  solid  solution  and  change  in  the  mixing  limits 
with  temperature.  Since  the  solubiUty  of  sodium  chlorate  in  silver  dilorate 
decreases  as  the  temperature  rises,  the  heat  of  solid  solution  should  be 
positive  while  the  reverse  should  hold  for  the  other  type  of  mixed  crystals. 
Strictly,  this  would  be  true  for  the  heat  of  solid  solution  only  when  the 
crystals  are  near  their  mixing  limit,  but  there  is  evidence  that  this  value 
does  not  change  greatly  with  dilution. 

In  the  present  article,  we  shall  give  the  results  of  an  experimental 
determination  of  the  heats  of  solid  solution  of  sodium  chlorate  in  silver 
chlorate  and  of  silver  chlorate  in  sodium  chlorate.  The  same  method  has 
been  used  in  obtaining  the  heats  of  solid  solution  that  other  investigators 
have  used  for  a  similar  purpose.  It  consists  essentially  in  determining 
the  heats  of  solution  in  water  of  the  mixed  crystals  and  of  mechanical 
mixtures  having  the  same  empirical  composition.  The  heat  of  solution 
of  the  mechanical  mixture  minus  that  of  the  mixed  crystals  gives  the  heat 
of  formation  of  the  latter  from  the  single  salts. 

The  silver  chlorate  used  in  this  work  was  prepared  by  treating  precipi- 
tated silver  carbonate  in  excess  with  a  solution  of  chloric  add,  filtering 
and  evaporating  to  crystallization.  It  was  recrystallized  before  use. 
The  chloric  add  required  in  making  this  salt  was  prepared  by  treating 
^  solution  of  pure  baritun  chlorate  with  a  calculated  amount  of  sulfuric 
add.  The  solution  gave  no  test  for  either  barium  or  sulfuric  add.  So- 
dium chlorate  was  prepared  by  recrystallizing  the  commerdal  product. 

Four  samples  of  mixed  crystals  were  prepared,  using  the  data  given 
by  Foote'  as  a  guide  in  making  up  the  solutions.  Two  of  the  samples 
were  on  the  sodium  dilorate  side  and  crystallized  as  cubes.  The  others 
contained  an  excess  of  silver  chlorate  and  were  tetragonal.  In  their  analy- 
sis, silver  was  determined  as  chloride  and  calculated  to  chlorate.  Sodium 
chlomte  was  determined  by  difference.  Following  are  the  analyses  of 
the  four  samples  used: 

^  Poote,  Am.  Ckem.  /.,  2%  345  (1902). 
^Loccit. 
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AgaOt.  NaaOi. 

1 .  Isometric 15 .02  84.98 

2.  Isometric 30.31  69.69 

3.  Tetrahedral 63.79  36.21 

4.  Tetrahedral 73.84  26.16 

All  samples  were  finely  ground  and  sifted  before  use.  It  was  necessary 
to  use  bolting  cloth  in  place  of  a  metal  sieve  when  silver  chlorate  was 
present. 

The  calorimeter  was  the  one  mentioned  in  the  preceding  article,  and  was 
described  by  Haigh.^  The  stirrer  was  made  of  glass  instead  of  brass  to 
prevent  a  reaction  with  the  solution.  The  greatest  care  was  taken  to 
make  the  conditions  in  the  different  determinations  as  nearly  alike  as 
possible.  The  rate  of  stirring  and  the  temperature  of  the  water  in  con- 
taining vessel  and  outer  jacket  were  so  regulated  that  radiation  corrections 
were  minimized.    The  results  obtained  are  given  in  Tables  I-IV. 


Tabui  I. — Sn«vBR  Cm^RATB  m  Sodium  Cm/>itATB. 
15.02%  AgClOt.    Isometric  mixed  aystals. 

Weight.  capacity  of     Heat  hnt~l 


Heat  ATcrage 

„ capacity  of    Heat  heat  cllaet. 

MatcriaL  ff.  lb— Ik.      calorimctar.  effect.  (Calories.) 


Mechan.  mixture 10.00    — 0.929*    513.7    — 477.3!       

Mechan.  mixtm« 10.00    — 0.932      513.7    — ^478.8/ 


-478.1  cal. 


Mixed  cnrstals 10.00    — 0.916      513.7    — 470.6  1 

Mixed  crystals 10.00    — 0.914      513.7    — ^469.5  J  ^ 

Tabls  II. — SavSR  Cmx)KAT8  m  SODnJK  Cm^RATS. 
30.31  %  AgClOt.    Isometric  mixed  cryptals. 

Median,  mixture 10.00    — 0.893      5i5-6    — ^460.4 

Mechan.  mixture 10.00    — 0.896      5x4.6    — 461.  i 

Mechan.  mixture 10.00    — 0.902      514.6    — ^464.1 

Mechan.  mixture 10.00    — 0.900      514.6    — 463.1 


470.1 


— 462.2 


Mixed  oystals 10.00  —0.872      515.6    — 449.6  | 

Mixed  crystals lo.oo  —0.871      515.6    — 449.1  J  ^449-4 

Tabi3  III.— Sodium  Chlorats  m  So^vrnt  Chlorate. 

63.79%  AgClOt.  Tetragonal  mixed  crystals. 

Mechan.  mixture 10.00  — 0.829*    515.6    — 427.4] 

Mechan.  mixture 10.00  — 0.835      5i5-6    — ^430.5  [       — 429.3 

Mechan.  mixture 10.00  — 0.834      515.6    — ^430.0  J 


Mixed  crystals 10.00    — 0.886      515.6 

Mixed  oystals 10.00    — 0.886      515.6 

>  This  Journal,  34, 1144  (1912). 


—456.8  \ 
—456.8/       -^ 


•456.8 
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Table  IV.— Sodiuk  Chloratb  in  Silvbr  Cblorats. 
73*84%  AgOOi.    Tetxagonal  mixed  caystals. 

Heat  Average  heat 

'itj  of      Heat  effect. 


MateriaL  Weight       k—ii.      calorimeter,     effect.  (Calories.) 

Median,  mixture 10.00  — 0.818^  514.6  — ^420.9 

Median,  mixture 10.00  — 0.813  514.6  — ^418.3 

Median,  mixture 10.00  — 0.818  514.6  — ^420.9 

Median,  mixture 10.00  — 0.829  514.6  — ^426.6 

Median,  mixture 10.00  — 0.823  514.6  — ^423.5 

Median,  mixture lo.oo  — 0.829  514.6  — ^426.6 

Mixed  crystals 10.00  — 0.859  514-6  — ^442.0! 

Mixed  oystals 10.00  — 0.857  514.6  — ^440.9  J  ^44* -5 


-422.8 


From  the  results  given  above,  we  have  calculated  the  heat  effect  due 
to  the  formation  of  a  solid  solution  ty  one  mol  of  solute  (Table  V). 

Table  v.— MOI3CU1.AR  Haat  of  Soi^ution. 

Molecular  heat 
Type  of  Mola  solvent:  Heat  effect  of  solution. 

No.         crystals.  1  mol  solute.  of  10  g.  (Calories.) 

1.  Isometric 10. 17  NaQOt  —  8.0  — 1019  (AgClOs) 

2.  Isometric 4 .  13  NaQOt  — 12 . 8  — 1017  (AgClOi) 

3.  Tetragonal 0.98  AgOOt  +27 .5  +  809  (NaQOt) 

4.  Tetragonal i  .57  AgQO.  +18.7  +  761  (NaQOt) 

Both  molecular  heats  are  small  and  of  opposite  sign.  The  values  for 
the  isometric  crystals  are  practically  constant,  showing  that  in  this  case 
there  is  little  or  no  heat  of  dilution.  In  the  other  case,  the  variation, 
though  small,  is  probably  greater  than  the  errors  of  experiment,  so  there 
appears  to  be  a  small  heat  of  dilution. 

The  solubility  of  each  salt  in  the  other  at  different  temperatures,  given 
by  Foote,^  is  as  follows: 

Isometric.  TetragonaL 

Molec.  per  cent.  Molec.  per  cent. 

Temp.  AgaOt  in  NaClOi.      NaOOt  in  AgClOi. 

12* 14.33  50.04 

25** 18.45  48. 19 

35* 21.73  47.92 

50* 36.56  47.10 

The  amount  of  silver  chlorate  which  can  be  taken  up  by  the  soditmi 
salt  to  form  mixed  crystals  increases  with  the  temperature.  As  Table  V 
shows,  the  process  is  accompanied  by  absorption  of  heat.  The  reverse 
is  true  in  the  case  of  the  tetragonal  crystals.  In  the  relation  of  the  heat 
of  solution  to  the  temperature  coefficient  of  solubility,  the  law  of  Le  Chate- 
Uer  is,  therefore,  applicable  to  solid  solutions  as  well  as  to  solutions  of 
other  types.  It  may  be  well  to  add  that,  on  the  other  hand,  the  van't 
Hoff  equation 

dinC       Q^ 
dT     "  2T*' 
^Loe.ca, 


Digitized  by  VjOOQIC 


I7o8  mVING  LANGMUnt  AND  G.  M.  J.   IfACKAY. 

which  gives  for  dilate  liquid  soluticms  a  quantitative  connection  between 
the  temperature  coefficient  of  solubility  and  the  heat  of  solution,  does  not 
apply. 

SmnrviBLD  Cwbmic*!,  Labosatobt, 
TAUt  UnrmMBtn,  Nsw  Havbn.  Conm. 


THE  DISSOCUTION  OF  HTDROGEN  INTO  ATOMS. 
Part  I.    Experimental. 

Bt  IhWWo  LANOKUim  aitd  O.  M.  J.  Mackat. 
RcceiT«d  June  15.  1914. 

Some  early  measurements^  of  the  heat  loss  by  convection  from  heated 
tungsten  wires  in  hydrogen  showed  that  the  loss  increased  at  an  abnormally 
high  rate  when  extremely  high  temperatures  were  reached. 

A  little  later'  a  series  of  meastu'ements  on  the  heat  convection  from 
various  kinds  of  wires  in  different  gases  led  to  a  general  theory  of  convec- 
tion from  hot  bodies,  which  makes  possible  the  approximate  calculation 
of  heat  losses  from  a  wire  at  any  temperature  in  any  gas  which  behaves 
normally. 

With  hydrogen,  the  theory  led  to  results  in  dose  agreement  with  the 
experiments,  up  to  temperatures  of  about  2300^  K.  Above  this,  however, 
the  observed  heat  loss  increased  rapidly  until  at  3300*^  K.,  it  was  over 
four  times  the  calculated  value. 

This  fact  suggested  that  the  hydrogen  was  partly  dissociated  into  atoms 
at  these  high  temperatures. 

In  a  subsequent  paper,'  the  theory  of  heat  conduction  in  a  dissodating 
gas  was  devdoped  to  apply  to  this  case.^  It  was  shown  that  the  power 
required  to  heat  the  wire  could  be  expressed  as  the  sum  of  two  terms,, 
thus: 

W  =  Wc  +  Wz>  (i) 

^  Langmuir,  Trans,  Am.  Ekdrochem.  Soc.,  ao,  225  (1911)^ 

*  Langmiiir,  Phys.  Rev.,  34, 401  (1912). 

*  Langmiiir,  This  JouiufAL,  34>  860  (1912). 

^  At  the  time  of  publication  of  the  above  mentioned  paper,  I  was  unaware  that 
Nemst  had  previously  (Boltzman,  Festschrift,  1904,  p.  904)  developed  a  quantitative 
theory  of  the  heat  conduction  in  a  dissociating  gas,  and  had  shown  that  the  heat  con- 
ductivity of  nitrogen  peroxide,  determined  by  Magnanini,  agreed  well  with  that  calculated 
by  his  equations  from  the  known  degree  of  dissociation  of  this  substance.  Nemst 
showed  that  the  effect  of  the  dissociation  is  to  increase  the  heat  conductivity  of  a  gas 
by  an  amount  equal  to 

vr 

He  does  not,  however,  show  that  this  leads  to  the  very  simple  and  useful  form  of  equation 
developed  by  the  writer,  namely, 

Wz>  -  SDg(C— C'). 
Nemst  points  out  that  the  heat  conductivity  of  gases  may  be  used  not  only  to  detect 
dissociation  qualitatively,  as  R.  Goldschmidt  (Thesis,  Brussels,  1901)  had  shown,  but 
in  some  cases  to  determine  the  degree  of  dissociation  quantitatively.     (I.  hAWmunt.y 
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Here  W  is  the  total  power  (in  watts  per  centimeter)  required  to  main- 
tain the  wire  at  a  given  temperature  T2. 

Wc  represents  the  part  which  is  carried  by  ordinary  heat  conduction 
and  follows  the  usual  laws  of  heat  convection,  namely:^ 

Wc=s\     JWT=S(v.r-vi)  (2) 


-E; 


S  is  called  the  shape  factor  and  depends  on  the  diameter  of  the  wire 
and  the  nature  of  the  gas,  but  is  independent  of  the  temperature  of  the 
wire,  k  is  the  coefficient  of  heat  conductivity  of  the  gas,  Wp  represents 
that  part  of  the  heat  loss  which  is  dependent  on  the  dissociation  of  the  gas. 
It  was  shown  that  Wo  could  be  expressed  thus: 

Wz,  =  SD(7iCi  (3) 

where  S  is  the  shape  factor,  D  is  the  diffusion  coefficient  of  hydrogen  atoms 
through  molecular  hydrogen,  qi  is  the  heat  of  formation  of  hydrogen 
molecules  from  i  g.  of  hydrogen  atoms,  and  Ci  is  the  concentration  of  hy- 
drogen atoms  (grams  per  cc.)  in  the  gas  immediately  in  contact  with  the 
hot  wire. 

The  experiments  gave  W  directly  (after  subtracting  the  heat  radiated 
from  the  hot  wire).  The  value  of  Wc  could  be  calculated  by  (2)  and  thus 
equation  (i)  led  to  a  determination  of  Wp.  By  substituting  in  (3)  the 
values  of  S  and  Wp,  the  product  DqiCi  was  obtained  from  the  results  of 
the  experiments. 

It  was  then  necessary  to  estimate  the  approximate  value  of  D.  This 
was  done  by  guessing  the  probable  free  path  of  hydrogen  atoms  through 
hydrogen  molecules  by  analogy  with  other  gases  and  by  then  substituting 
this  value  in  an  equation,  derived  from  the  kinetic  theory,  which  expresses 
the  diffusion  coefficient  in  terms  of  the  normal  free  path. 

Having  thus  chosen  D  and  dividing  this  into  the  known  value  of  "DqiCu 
the  product  qiCi  was  found.  Van't  Hoff's  equation  gives  a  relation  be- 
tween qi  and  the  temperature  coefficient  of  ci.  Since  qi  is  nearly  inde- 
pendent of  the  temperature,  the  temperatture  coefficient  of  Ci  must  be 
practically  equal  to  that  of  qiCi,  so  that  in  this  way  ^i  could  be  fotmd. 
From  this,  the  value  Ci  and  the  degree  of  dissociation  ^as  then  calculated. 

The  degree  of  dissociation  of  hydrogen  into  atoms  (at  atmospheric 
pressure)  was  thus  calculated  to  be  1.2%  at  2300^  K.»  and  44%  at  3100^  K., 
and  84%  at  3500®  K.  The  heat  of  formation  of  the  molecules  from  the 
atoms  was  given  at  130,000  calories  (for  2  g.  of  hydrogen). 

These  results  seemed  to  conflict  seriously  with  the  measuremients  of  the 
specific  heat  of  hydrogen  obtained  by  the  explosion  method.     Pier^  had 
1  Phys.  Rev,,  I,  c, 
*  Z,  EUktfochem,,  15,  536  (1909)* 
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concluded  from  his  experiments  that  the  mean  specific  heat  of  hydrogen 
from  room  temperature  up  to  2500^  K.  could  be  represented  by  the 
equation 

Cy  «  4.70  +  0.00045^ 

On  the  other  hand,  Bjerrum^  found  that  the  specific  heat  of  water  vapor 
was  abnormally  large  at  temperatures  above  2000^  K. 

The  method  adopted  by  Bjerrum  was  one  in  which  it  was  not  possible 
to  distinguish  between  variations  in  the  specific  heat  of  water  vapor  and 
of  hydrogen.  An  increase  of  perhaps  10-20%  in  the  specific  heat  of 
hydrogen  at  3000^  would,  therefore,  be  quite  consistent  with  Bjerrum's 
experiments. 

A  dissociation  as  high  as  44%  at  3100^  K.  would,  however,  lead  to  an 
apparent  specific  heat  of  Hs  two  or  three  times  greater  than  the  usually 
accepted  value. 

One  explanation  of  this  discrepancy  might  be  that  the  velocity  of  the 
hydrogen  dissociation  is  so  small  that  during  the  short  time  of  an  explosion,, 
equilibrium  was  not  reached,  whereas  in  the  other  experiments,  the  cata- 
l3rtic  action  of  the  hot  tungsten  wire  caused  the  dissociation  to  approach 
the  equilibrium  more  closely. 

It  seems,  however,  improbable  that  the  velocity  of  the  reaction  would 
be  so  slow  at  temperatures  as  high  as  3100^  K.  Bjerrum's  experiments,, 
therefore,  seem  to  indicate  that  the  degree  of  dissociation  is  considerably 
less  than  the  values  obtained  by  the  methods  described  above. 

If  we  examine  the  chain  of  reasoning  by  which  the  results  were  obtained 
we  see  that  there  is  one  extremely  weak  link,  namely,  the  method  by 
which  the  diffusion  coefficient  D  was  obtained. 

It  is  true  that  this  method  would  give  a  fair  degree  of  accuracy  if  applied 
to  almost  any  pair  of  ordinary  gases  at  ordinary  temperatures,  but  a  good 
deal  of  uncertainty  arises  when  it  is  appUed  to  a  dissociating  gas.  In  fact, 
imder  such  conditions,  the  diffusion  coefficient  might  be  very  much  greater 
than  that  calculated  in  the  usual  way.  An  example  of  such  a  case 
is  already  known  in  the  abnormally  great  mobility  of  the  hydrogen  and 
hydroxyl  ions  in  aqueous  solutions.  A  larger  value  for  the  diffusion 
coefficient  would  lead  to  lower  values  for  the  dissociation  and  might  thus 
remove  the  discrepctncy  between  the  previous  calculations  and  Bjerrum's 
results. 

Qualitative  Evidence  for  the  Dissociation  of  Hs. 

H.  von  Wartenberg,*  after  pointing  out  the  discrepancy  between  the 
former  calculations  and  the  results  of  the  explosion  method  criticises  the 
heat  conductivity  method  as  follows: 

"Die  Pehlerquellen  der  Methode  sind  zu  gross,  als  dass  man  die  Zahlen 
*  Z.  physik.  Chem.,  79,  513  (1912). 
'  Z.  Elektrochem.,  19,  901  (1913)- 
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auch  nur  als  atmahemd  richtig  betrachten  konnte,  wenn  auch  eine  geringe 
Dissociation  des  H2  von  etwa  2100^  nicht  als  ausgeschlossen  erscheint. 
Sichere  Zahlen  wird  wohl  ntu*  die  Bxplosionsmethode  geben  konnen." 

As  far  as  accurate  quantitative  determinations  of  the  degree  of  dis- 
sociation of  most  complex  gases  are  concerned,  we  feel  that  von  Warten- 
berg's  preference  for  the  explosion  method  is  justified,  but  for  qualitative 
evidence  of  dissociation,  especially  of  elementary  gases,  we  consider  that 
the  heat  conductivity  method  has  great  advantage  over  the  explosion 
method.  The  fact  that  mixtures  of  gases  must  be  employed  in  the  latter 
method,  so  complicates  the  phenomena  that  there  is  considerable  un- 
certainty in  the  interpretation  of  results.  Furthermore,  it  will  be  shown 
that  the  conductivity  method,  in  some  cases,  is  very  much  more  sensitive 
than  the  explosion  method. 

The  qualitative  evidence  of  dissociation  of  hydrogen  obtained  by  the 
heat  conduction  method  and  already  pubUshed,  may  be  briefly  sum- 
marized as  follows : 

1.  The  heat  loss  from  tungsten  wires  (or  platinum  wires  up  to  1750**) 
in  nitrogen,  mercury  vapor,  argon,  and  carbon  monoxide  varies  with  the 
temperature  accurately,  as  expressed  by  equation  (2). 

2.  The  heat  loss  in  hydrogen  follows  accurately  the  same  law  up  to  about 
1900^  K.  and  then  rapidly  increases,  until  at  3500^  K.  it  is  over  four  times 
its  calculated  value. 

3.  No  secondary  electrical  effects  which  might  cause  a  similar  increase 
can  be  detected. 

4.  At  lower  pressures  the  heat  loss  from  tungsten  wires  in  hydrogen 
becomes  actually  greater  than  at  atmospheric  pressure.  This  €k)es  not 
occur  with  other  gases. 

The  evidence  of  dissociation  is,  however,  not  at  all  limited  to  the  ab- 
normal heat  conductivity. 

A  large  amount  of  evidence  of  a  chemical  nature  has  gradually  ac- 
cumulated in  this  laboratory,  which  proves,  beyond  doubt,  that  hydrogen 
at  low  pressures,  upon  coming  in  contact  with  a  heated  metallic  wire,  is 
chemically  activated  and  can,  under  proper  conditions,  retain  its  activity 
several  days.    A  very  brief  review  of  this  evidence  will  be  of  interest. 

I.  It  has  been  shown^  that  when  a  wire  of  tUQgsten,  platintmior  palladium 
is  heated  to  a  temperature  above  1300^  K.  in  hydrogen  at  very  low  pres* 
sure  (0.001  to  0.020  mm.),  the  hydrogen  slowly  disappears.  There  is  a 
dbtinct  fatigue  effect,  but  the  substitution  of  a  new  section  of  wire  does 
not  restore  the  action.  The  hydrogen  is  not  absorbed  by  the  wire,  but  is 
deposited  on  the  glass,  especially  where  this  is  cooled  by  liquid  air.  If  the 
cooled  portions  are  heated,  ordinary  hydrogen  is  Uberated  which  will 

'  "A  Chemically  Active  Modification  of  Hydrogen,"  Langmuir,  Tms  Journal, 
34,  1310  {1912). 
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not  iiecondense  on  replacing  liquid  air.  The  hydrogen  may  deposit  on 
cooled  glass  surfaces,  even  in  tubing  at  a  considerable  distance  from  the 
bulb.  This  hydrogen  has  remarkable  chemical  activity  and  will  react 
with  oxygen  and  pho^horus  at  room  temperature.  These  effects  are  not 
due  to  the  catalytic  effect  of  finely  divided  metal  deposits.  The  active 
hydrogen  is  not  affected  by  an  electrostatic  field  and  therefore  does  not 
consist  of  hydrogen  ions. 

2.  The  active  hydrogen  thus  produced  can  diffuse  through  long  tubes 
(at  low  presstu-es)  and  can  then  dissolve  m  platinum  (at  50^)  and  cause  a 
marked  increase  in  its  electrical  resistance  and  corresponding  decrease  in 
its  temperature  coefficient.  Ordinary  hydrogen,  under  similar  conditions, 
will  not  do  this.  These  effects  have  been  described  in  some  detail  by 
Freeman.* 

3.  It  has  been  found  that  tungstic  oxide,  WOs,  platinum  oxide,  PtOs,* 
and  many  other  substances,  placed  in  a  bulb  containing  a  tungsten  filament 
and  hydrogen  at  very  low  presstu'es,  rapidly  become  chemically  reduced 
when  the  filament  is  heated  to  a  temperature  exceeding  about  1700^  K. 
although  otherwise  they  are  not  acted  on  by  hydrogen. 

Many  of  these  phenomena  have  been  studied  quantitatively  in  some 
detail,  and  the  results  seem  consistently  to  be  in  accord  with  the  theory 
that  a  portion  of  the  hydrogen  which  comes  into  contact  with  the  hot 
wire  is  dissociated  into  atoms.  These,  perhaps  because  of  strong  un- 
saturated chemical  afl&nity,  tend  to  adhere  to  glass  surfaces  even  at  room 
temperattue.  Some,  however,  leave  the  glass  and  wander  further.  Grad- 
uediy  the  glass  surfaces  become  charged  with  hydrogen  atoms  to  such  an 
extent  that  any  fresh  atoms  striking  the  surface,  combine,  even  at  liquid 
air  temperattu'es,  with  those  already  present.  In  case  the  atoms  strike 
a  metal  surface  such  as  platinum,  they  dissolve  in  it  up  to  a  considerable 
concentration.  ^ 

The  foregoing  results  afford  satisfactory  proof  that  hydrogen,  par- 
ticularly at  low  pressures,  is  readily  dissociated  into  atoms  by  metallic 
wires  at  very  high  temperatures. 

There  is,  however,  good  reason  to  suq)ect  that  the  actual  values  for 
the  degree  of  dissociation  previously  given  are  considerably  too  hig^. 
The  cause  of  this  was  thought  to  be  an  incorrect  assumption  as  to  the 
diffusion  coef&dent  <rf  hydrogen  atoms  through  moleculac  hydrogen. 

The  remainder  (tf  the  present  paper  deals  with  the  results  obtained  by 
two  methods  which  lead  to  more  or  less  quantitative  data  on  the  dis- 
sociation, without  necessitating  any  assumptions  as  to  the  magnitude  of 
the  diffusion  coefSdent. 

>  Tms  Journal,  35i  927  (i0»3)- 

'  Formed  and  deposited  on  the  bulb  by  heating  Pt  at  very  high  temperature  in  Ot 
at  low  pressm^  or  by  passing  a  glow  discharge  between  Pt  electrodes  in  Oi  at  low  pressure. 
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The  first  method  is  based  on  measurements  of  the  total  heat  losses  from 
tungsten  wires  at  a  series  of  different  pressures,  ranging  fron^  10  mm.  up 
to  atmospheric  pressure.  If  the  previous  results  were  correct,  that  is, 
that  hydrogen  is  44%  dissociated  at  atmospheric  pressure  and  3100^  K., 
then,  at  a  pressure  of  10  mm.,  the  dissociation  should  be  96.5%.  A  further 
rise  in  temperature  could  then  only  slightly  increase  the  degree  of  dis- 
sociation, for  it  is  already  dose  to  the  limit  of  100%.  We  see,  then,  from 
equation  (3),  that  the  heat  loss  under  these  conditions  would  have  only  a 
very  small  temperature  coefficient.  It  was  hoped,  at  the  outset  of  these 
experiments,  that  the  actual  degree  of  dissociation  could  be  determined 
from  the  decrease  in  the  temperature  coefficient  of  Wz>  as  the  pressure  was 
progressively  lowered. 

The  experiments  to  be  described  have  shown,  however,  that  even  at 
10  nun.  pressure  the  temperature  coefficient  of  Wd  is  practically  as  great 
as  at  atmospheric  pressure,  showing  that  even  at  these  low  pressures  the 
hydrogen  around  the  wire  is  not  nearly  completely  dissociated.  These 
experiments,  however,  give  an  upper  Umit  to  the  degree  of  dissociation. 

In  the  second  method,  measurements  were  made  at  very  much  lower 
pressures,  from  o.oi  mm.  up  to  0.3.  At  the  lowest  pressures,  the  conditions 
should  become  very  simple,  for  the  molecules  travel  in  straight  lines  di- 
rectly from  filament  to  bulb.  Under  such  conditions,  the  hydrogen  atoms 
produced  practically  never  return  to  the  filament  without  having  struck 
the  bulb  many  times  and  having  had  ample  opportunity  of  recombining. 
The  filament  is,  therefore,  struck  only  by  hydrogen  molecules,  and  from 
the  formula  

the  rate  at  which  the  hydrogen  molecules  reach  the  surface  may  be  cal- 
culated. If,  then,  the  heat  loss  be  determined  by  experiment,  the  energy 
carried  away  by  each  molecule  can  be  calculated.  If,  by  heating  the  fila- 
ment to  very  high  temperatures,  a  condition  could  be  reached  in  which 
every  hydrogen  molecule  which  strikes  the  filament  becomes  dissociated, 
then  those  experiments  would  lead  to  a  direct  determination  of  the  heat 
of  formation  (heat  absorbed  by  dissociation)  of  hydrogen  molecules. 
In  the  absence  of  definite  evidence  that  the  dissociation  is  complete,  the 
method  gives  at  least  a  lower  limit  for  the  heat  of  formation. 
Experiments  on  the  Heat  Losses  from  Tungsten  Wires  in  Hydrogen. 
I.  Higher  Pressures. — ^In  the  experiments  upon  which  the  former  cal- 
culations of  the  dissociation  were  based,  the  measurements  of  heat  loss 

>  Here  m  is  the  rate  (in  grams  per  sq.  cm.  per  second),  at  which  the  hydrogen  comes 
into  contact  with  the  filament.  M  is  the  molecular  weight  of  Hs  (i,  «.,  2),  T  is  the  tem- 
perature of  the  bulb,  and  p  is  the  pressure  of  the  hydrogen  in  the  bulb.  The  derivation 
of  this  equation  has  been  given  in  a  previous  paper  (Phy^,  Rev.,  N.  S.,  a,  329  (191 3))  and 
Pkysik.  Z.,  I4f  1273  {1913)' 
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were  made  from  short  pieces  of  tungsten  wire  mounted  vertically  in  a 
large  glass  tube  open  at  the  lower  end,  through  which  a  fairly  rapid  stream 
of  hydrogen  passed.  The  temperature  in  most  cases  was  determined 
from  the  resistance.  The  relation  between  resistance  and  temperature 
was,  however,  found  by  meastu^ment  of  the  intrinsic  brilliancy  of  pieces 
of  the  same  wire  mounted  in  exhausted  bulbs. 

In  the  present  experiments,  it  was  desired  to  employ  a  series  of  different 
pressures  of  hydrogen  around  the  filament,  and  furthermore,  to  avoid 
injury  to  the  wire  by  imptuities  in  the  hydrogen. 

The  method  adopted  was  therefore  to  mount  single  loop  filaments  of 
pure  tungsten  wire  in  large  heater  lamp  bulbs  (cylindrical  bulbs  about 
25  cm.  long  and  7  cm.  diameter)  which  were  filled  with  pure,  dry  hydrogen 
at  various  presstu^s.  These  were  then  set  up  on  the  photometer  bench 
^and  a  series  of  simultaneous  measurements  of  candle  power,  current  and 
voltage  were  made.  The  color  of  the  light  emitted  was  also  accurately 
matched  against  that  from  a  standard  lamp  viewed  through  a  special 
blue  glass.  ^ 

Before  filling  the  bulbs  with  hydrogen,  they  were  exhausted  to  o.  i  micron 
pressure  for  an  hour  while  heated  to  360°,  and  the  filaments  were  heated 
to  a  high  temperature  to  drive  off  gases.  The  hydrogen  was  prepared 
electrolytically  and  was  freed  from  oxygen  and  water  vapor  with  extreme 
care. 

Thirty  lamps  were  made  up  for  these  experiments.  Fifteen  of  these 
were  filled  with  hydrogen  at  the  following  pressures:  i,  10,  25,  50,  100, 
200  and  750  mm.  Six  were  exhausted  to  a  good  vacuum  in  order  to  de- 
termine the  amount  of  energy  radiated.  The  remainder  were  filled  with 
pure  nitrogen  at  various  pressures,  to  compare  the  heat  loss  in  this  gas  with 
that  in  hydrogen. 

The  wire  used  in  all  lamps  was  0.00706  cm.  diameter.  In  every  case  it 
was  welded  to  nickel  leads  with  tungsten  or  molybdenum  tips.  The 
length  of  wire  used  in  the  hydrogen  lamps  ranged  from  5  to  9  cm.  and 
in  the  vacuum  and  nitrogen  lamps,  from  6  to  12  cm.  It  was  necessary 
to  use  rather  short  lengths  in  hydrogen  in  order  to  be  able  to  heat  the  wire 
to  the  melting  point  without  using  voltages  over  200  volts. 

Temperature  Measurements^ — ^The  temperatures  were  determined,  as 
has  been  usual  in  this  laboratory,  by  the  relation 

7.029 — ^log  H 
where  H  is  the  intrinsic  brilliancy  of  the  filament  in  international  candle 
power  per  sq.  cm.  of  projected  area.  On  this  scale  the  melting  point  of 
^  This  method  has  proved  extremely  accurate  and  serviceable  as  a  means  of  com- 
paring the  temperatures  of  tungsten  filaments.  It  is  described  in  some  detail  by 
Langmuir  and  Orange.  Proc.  Amer.  Inst.  Elect.  Eng.,  32,  1895  {1913)- 
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tungsten  proves  to  be  3540*^  K.  (by  direct  experiment).  This  value  we 
consider  to  be  more  probable  than  the  lower  values  usually  given. 

The  temperatures  were  also  determined  by  two  auxiliary  methods: 
by  measurement  of  the  resistance  and  by  matching  the  color  of  the  emitted 
light  against  that  of  a  standard  provided  with  a  blue  screen.  In  both 
these,  methods,  however,  the  primary  standard  of  temperature  was  the 
one  given  above,  based  on  the  intrinsic  brilliancy  of  the  filament. 

It  was  found  in  nearly  all  experiments  that  the  three  methods  gave 
concordant  results.  The  presence  of  hydrogen  or  nitrogen  did  not  change 
either  the  resistance  or  the  color  of  the  light  emitted  from  a  filament  set 
up  at  a  given  intrinsic  brilliancy.  Discordant  results  were  obtained  only 
in  the  experiments  in  vacuum  or  low  pressures  of  gas  after  the  filament 
had  been  heated  some  time  above  3200°  K.  and  had  evaporated  so  that 
the  bulb  had  blackened  and  the  diameter  of  wire  had  changed. 

In  order  to  avoid  errors  in  temperatiire  due  to  the  cooling  effect  of  the 
leads,  the  candle  power  was  usually  determined  through  a  slit,  one  or  two 
centimeters  wide,  placed  horizontally  in  front  of  the  lamp.  In  this  way, 
the  intrinsic  brilliancy  can  be  determined  with  accuracy. 

At  temperatures  below  1800^  K.,  the  candle  power  determinations 
were  too  inaccurate  to  be  suitable  for  temperature  measurements.  The 
temperatures  were,  therefore,  found  in  these  cases  from  the  resistance, 
proper  correction  being  made  for  the  cooling  effects  of  the  leads. 

Before  making  measurements  on  the  lamps,  they  were  thoroughly  aged 
by  runiiing  them  for  24  hours  with  the  filaments  at  a  temperature  of  about 
2400^  K.  With  the  hydrogen  and  nitrogen  of  the  ptuity  used  in  these 
experiments,  this  treatment  produced  no  p^xseptible  injury  of  the  filament. 
During  the  first  few  hours  of  aging,  the  filament,  even  in  vacuum  lamps, 
undergoes  slight  changes  in  resistance,  and  it  was  with  this  object,  as  well 
as  to  test  the  purity  of  the  gases,  that  the  lamps  were  subjected  to  the  agix^^ 
process. 

The  lamps  were  then  set  up  on  the  photometer  one  by  one,  and  measure- 
ments of  current,  voltage,  candle  power  and  color  were  made.  About 
30  to  50  sets  of  readings  were  taken  with  each  lamp,  raising  the  voltage 
usually  in  steps  of  2.5  to  5  volts  at  a  time.  The  temperature  was  thus 
gradually  raised  from  800^  K.,  up  to  about  2900^.  Then  a  series  of  points 
was  taken  at  descending  temperatures  and  finally  the  temperatures  were 
raised  to  temperatures  of  3000^  and  more,  frequently  repeating  some  of 
the  measurements  at  lower  temperatures  to  see  if  the  filament  had  under- 
gone any  change.  The  readings  up  to  3000^  K.  could  be  taken  without 
haste,  as  the  filament  tmdergoes  only  rdatively  slow  changes  below  this 
temperature.  Above  this  temperature  the  readings  were  taken  as  rapidly 
as  possible,  and  at  wider  intervals  (usually  10  volts).  These  precautions 
were  especially  necessary  with  the  lamps  containing  less  than  100  mm.  of 
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gas.  In  those  containing  nearly  atmospheric  pressure  of  either  hydrogen 
or  nitrogen,  there  was  never  any  perceptible  darkening  of  the  bulb,  and 
the  loss  of  material  from  the  filament  was  extremely  small,  even  when  the 
temperature  was  raised  several  times  very  dose  to  the  melting  point  of 
the  filament. 

Prom  the  data  thus  obtained,  the  power  consumption  (in  watts  per 
centimeter  of  length),  the  temperature,  and  the  resistance  (per  centimeter) 
were  determined.  Tl\e  watts  per  cm.  were  plotted  on  semi-logarithmic 
paper  against  temperature  and  smooth  curves  drawn  through  the  points. 

Most  of  the  points  fitted  very  closely  (within  i  or  2%)  with  the  smoothed 
curves,  and  it  was  only  rarely,  at  very  low  and  at  very  high  temperatures, 
that  deviations  as  great  as  5%  were  observed*. 

The  results  of  these,  experiments  are  summarized  in  Table  I.  The 
energy  radiated  from  the  filament  per  second  (in  watts  per  centimeter  of 
length)  is  given  in  the  second  column  under  the  heading  Wj^.  This  was 
obtained'  from  the  lamps  with  well  exhausted  bulbs.  The  resistance 
(in  ohms  per  centimeter)  of  the  filament  is  given  in  the  third  column 
headed  R.  These  values  represent  the  averages  of  all  the  lamps.  There 
was  no  appreciable  difference  in  R  for  the  gas  filled  and  the  vacuum 
lamps.  The  next  six  columns  contain  the  data  obtained  from  the  bulbs 
containing  hydrogen.  The  figures  give  directly  the  energy  carried  from 
the  filament  by  the  gas,  the  values  tabulated  being  obtained  by  subtracting 
Wr  from  the  observed  total  power  consumpticm  (in  watts  per  cm.). 

The  last  five  columns  contain  similar  data  obtained  from  the  nitrogen 
filled  lamps. 

,  Simple  observation  of  these  figures  show  the  very  striking  difference 
in  the  effects  in  the  two  gases.  In  nitrogen,  the  values  decrease  steadily 
as  the  pressure  is  reduced,  and  in  hydrogen,  at  the  lower  temperatures,  tlie 
same  decrease  is  observed.  But  at  higher  temperatures,  in  hydrogen, 
the  power  consumption  is  considerably  greater  at  lower  pressures  than  at 
atmospheric  pressure. 

The  condusions  drawn  from  these  measurements  will  be  considered 
later,  together  with  the  results  obtained  at  still  lower  pressures. 

Lower  Pressures. — In  these  experiments,  measurements  of  the  power 
consumption  were  made  at  a  series  of  temperatures,  with  pressures  ranging 
from  0.01  mm.  up  to  13  mm.  The  measurements  were  made  while  the 
lamps  containing  the  filaments  were  connected  to  a  vacuum  system  con- 
sisting of  two  McLeod  gages  (one  for  lower  and  one  for  higher  pressures) 
and  a  Gaede  mercury  pump.  The  lamps  were  first  exhausted  at  360^ 
for  an  hour  and  a  trap  imxnersed  in  liquid  air  placed  directly  below  the 
lamps  condensed  the  moisture  given  off  from  the  g^ass. 

llie  candle  power  was  measured  during  the  experiments  by  a  portable 
Weber  photometer.    The  characteristics   in  vacuum  at  temperatures 
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ranging  from.  1500  to  2500^  K.  were  first  determined  and  then  a  few 
centimeters  (pressm'e)  of  pure  hydrogen  was  admitted  to  the  system  and 
pumped  out  to  a  pressure  of  13  mm.  A  series  of  measurements  of  current, 
Voltage  and  candle  power  was  again  made.  In  this  way,  in  the  first  ex- 
periment, the  characteristics  were  measured  at  pressures  of  13. i,  6.5,  2.5, 
1-2,  0.53,  0.218,  0.102  and  0.045,  0.020  and  o.oio  mm.  and  at  o.oooi  mm. 
In  a  second  experiment,  meastu'ements  at  a  few  preissures  were  made  as 
a  check  on  the  preceding. 

In  the  third  experiment,  made  a  few  weeks  later,  a  much  more  complete 
series  of  meastu'ements  was  made,  extending  the  range  of  observations 
from  1 100**  to  2900 **  K.  Higher  temperattu'es  were  avoided,  in  order 
not  to  cause  any  evaporation  of  the  filament.  The  pressures  employed 
in  this  set  of  tests  were  4.4,  i.io,  0.207,  0.039,  0.015  and  0.00007  nun. 
At  each  pressure  about  30  readings  at  diflFerent  temperattu'es  were  taken. 

The  results  of  the  third  experiment  were  in  excellent  agreement  with 
those  of  the  first  two.  Since  the  former  covered  so  much  wider  a  range, 
only  these  results  are  given  in  this  paper. 

The  tungsten  wire  used  for  these  experiments  was  taken  from  the  same 
spool  as  that  used  in  the  experiments  at  higgler  pressures. 

The  filament  was  mounted  horizontally  in  a  straight  piece  9.85  cm.  long. 
Because  of  the  cooling  eflFect  of  the  leads,  it  was  assumed  that  the  eflfectivc 
length  of  the  wire  for  calcidation  of  the  watts  per  centimeter  was  9.4  cm. 
The  bulb  was  a  cylindrical  bulb. with  rounded  ends,  about  10  cm.  di- 
ameter and  18  cm.  long,  and  the  filament  was  supported  in  its  axis.- 

Tablb  II. 

He«t  ctfried  by  hydrogen  watts  per  cm. 


Temp. 

w,. 

4.40 

1.10 

0.207 

0.039 

0.015 

R. 

mm. 

mm. 

mm. 

mm. 

mm. 

1 100 

0.022 

0.60 

0.26 

0.09 

o.oto 

0.004 

0.002 

1200 

0.037 

0.70 

0.31 

O.II 

0.024 

0.005 

0.002 

1300 

0.060 

0.80 

0.36 

0.13 

0.030 

0.006 

0.002 

1400 

0.095 

0.89 

0.41 

0.16 

0.038 

0.007 

0.003 

1500 

0.138 

0.98 

0.47 

0.19 

0.050 

0.009 

O.OQ4 

1600 

0.192 

1.07 

0.55 

0.22 

0.066 

0.012 

0.006 

1700 

0.268 

1. 15 

0.65 

0.28 

0.088 

0.019 

0.008 

1800 

0.36 

1.24 

0.82 

0.36 

0.125 

0.032 

0.012 

1900 

0.48 

1.33 

1.09 

0.52 

0.21 

0.06 

0.019 

2000 

0.62 

1.42 

1.44 

0.85 

0.34 

O.IO 

0.03t 

2100 

0.78 

1.52 

2.06 

1.27 

0.53 

0.16 

0.055 

2200 

0.98 

1.62 

2.98 

1. 81 

0.73 

0.22 

0.092 

2300 

1.23 

1.72 

4.37 

2.62 

0.99 

0.29 

0.120 

2400 

1.55 

1.82 

5.98 

3.56 

1.27 

0.37 

0.148 

2500 

1.82 

1.92 

8.21 

4.85 

1.58 

0.42 

0.178 

2600 

2.20 

2.02 

II. 0 

5.49 

1.82 

0.48 

0.189 

2700 

2.67 

2.12 

6.23 

1.96 

0.50 

0.191 

2800 

3.20 

2.23 

6.97 

1.98 

0.50 

0.191 

2900 

3.80 

2.34 

7.61 

1.99 

0.50 

O.191 
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The  data  obtained  by  these  experiments  are  given  in  Table  II.  In  the 
second  and  third  columns  are  given  the  characteristics  of  the  filament 
in  good  vacuum  (0.00007  mm.).  W^  is  expressed  in  watts  per  centimeter, 
and  R  in  ohms  per  centimeter.  The  figures  in  the  other  columns  give  the 
differences  between  the  observed  power  consumption  at  different  pressures 
and  those  in  vacuum. 

Discussion  of  Experimental  Results. 

The  experimental  data  contained  in  Tables  I  and  II  give,  as  a  function 
of  both  temp^ture  and  pressure,  the  total  heat  carried  by  the  surrounding 
hydrogen  from  a  heated  tungsten  filament  in  this  gas. 

It  has  been  shown  in  the  previous  papers  that  this  energy  carried  by 
the  gas  can  be  resolved  into  two  parts,  Wc  and  Wi>. 

W  =  Wc  +  Wd  (i) 

The  temperature  coefficient  of  Wc  is  given  by 

Wc  =  S(^r-^)  (2) 

where 


f 


v>  =  \   iWT. 

In  the  previous  paper,  S  was  calculated  from  results  obtained  with  gases 
other  than  hydrogen.  This  method  of  calculation  of  S,  although  giving 
an  approximation  good  enough  for  most  purposes,  may  be  open  to  criticism. 
In  the  present  case,  therefore,  it  has  been  thought  better  to  determine  S 
directly  from  the  experimental  results  of  Tables  I  and  II. 

The  values  of  tpt — ipi  were  taken  from  the  data  given  in  the  previous 
paper,  ^  in  which  ip  was  calcidated  from  the  heat  conductivity  of  hydrogen 
as  determined  by  Eucken^  and  from  the  measurements  of  the  viscosity 
of  hydrogen  by  Fisher*. 

By  trial  a  value  of  S  was  found,  which,  when  multiplied  by  fpt — ^, 
would  give  the  best  agreement  with  the  values  of  W  observed  at  tempera- 
tines  so  low  that  Wp  was  negligible.  At  higher  temperatures,  Wd  was 
obtained  by  subtracting  S{<pr—ipi)  from  W.  The  logarithm  of  W/j  was 
plotted  against  i/T  from  the  data  at  rather  low  temperatures  (1700- 
2500^  K.).  It  is  only  in  this  range  of  temperatures  that  the  calculated 
values  of  Wp  are  materially  affected  by  errors  in  the  value  S.  By  trial  a 
value  of  S  was  finally  chosen  which  would  give  most  nearly  a  straight  line 
relation  between  log  Wd  and  i/T. 

These  values  of  S  have  been  used  to  calculate  Wp  and  the  results  are 
given  in  Table  III. 
^  Physic.  Reo.  I.  c, 
^Pkysik.  Z.,  13,  iioi  (1911). 
« Physic,  Rof,,  24,  385  (1907). 
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Tabls  IV. 


#r 

Wd 

"  from  Exp 

lerii 

Dents  with  Nitrogen. 

750 

200 

100 

50 

10 

1 

.1 

watt! 
per  cm. 

mm. 

S- 

1.41. 

s- 

1.15. 

s- 

1.06. 

mm. 
1-5. 

mm. 
S- 
0.43. 

mm. 

S- 

0.10. 

1 100 

0.43 

— 0.06 

.... 

.... 

.... 

I3CX> 

0.49 

—0.04 

.... 

.... 

1300 

0.56 

— O.OI 

.... 

.... 

+0.03 

1400 

0.63 

—0.04 

.... 

+0.03 

+0.04 

1500 

0.73 

+0.01 

.... 

+0.03 

-ho. 04 

1600 

0.82 

+0.03 

.... 

+0.03 

+0.04 

1700 

0.92 

+0.03 

.... 

+0.04 

-ho.04 

1800 

I.Q3 

+0.03 

.... 

+0.06 

+O.Q3 

1900 

1. 23 

+o.oa 

.... 

+0.07 

-ho. 03 

2000 

1.25 

— O.II 

+0.02 

+0.01 

+0.07 

+0.06 

+0.02 

3IOO 

1.36 

0.04 

+0.04 

+0.01 

+0.06 

+0.06 

+0.01 

3200 

1.49 

— O.OI 

+0.05 

0.00 

+0.04 

+0.04 

0.00 

2300 

X.61 

— O.OI 

-ho.o6 

+0.02 

-fo.os 

•fo.03 

0.00 

3400 

1.74 

+0.01 

+0.06 

+o.oa 

+0.04 

+0.00 

— O.OI 

2500 

1.87 

+0.04 

+0.07 

+0.02 

+0.02 

+0.02 

— 0.03 

2600 

2.02 

+0.05 

+0.04 

— 0.00 

0.00 

— 0.06 

—0.03 

2700 

2.16 

-ho. 07 

+0.04 

— 0.02 

— 0.02 

— 0.09 

—0.03 

2800 

2.31 

+0.08 

+0.02 

— 0.03 

— 0.04 

—O.IO 

-0.06 

2900 

2.47 

+0.08 

0.00 

— 0.04 

—0.07 

— O.IO 

—0.07 

3000 

2.63 

+0.13 

—0.02 

— 0.07 

— O.IO 

—O.II 

-0.08 

3100 

2.79 

H-O.I2 

-0.04 

— 0.12 

.... 

.... 

3200 

2.96 

+0.13 

--0.08 

— o.i6 

.... 

3300 

3.13 

+0.13 

— O.II 

— 0.29 

.... 

3400 

3.31 

-fo.09 

—0.14 

— 0.22 

.... 

3SOO 

3.49 

-t 

-o.< 

38 

—0. 

18 

--0.26 

The  results  in  Table  III  were  obtained  from  the  data  in  Tables  I 
and  II,  merely  by  subtracting  the  product  of  S  (given  at  the  head  of 
each  column  of  Table  III)  by  ^ — ^  (given  in  second  coltunn  of  Table 
III). 

The  data  on  the  heat  losses  from  tungsten  wires  in  nitrogen  given  in 
Table  I,  was  used  in  a  similar  way  to  calculate  W — Wc  and  the  results 
are  given  in  Table  IV.  The  values  of  ^ — ^  in  this  table  are  calculated 
from  the  viscosity  and  heat  conductivity  of  nitrogen.^ 

A  comparison  of  Tables  III  and  IV  shows  clearly  the  very  great  differ- 
ence between  hydrogen  and  nitrogen.  With  nitrogen  the  heat  loss  in- 
creases with  the  temperature  very  nearly  proportionally  to  ^1 — ^.  The 
differences  observed  and  tabulated  are  not  greater  than  the  possible 
experimental  errors.  In  the  case  of  hydrogen,  up  to  temperatures  of 
1500-1700^  K.,  the  results  are  similar  to  those  of  nitrogen;  that  is,  there, 
is  no  evidence  that  the  differences  between  W  and  Wc  are  an3rthing  more 
than  experimental  errors.  But  at  very  high  temperatures  Wd  increases 
>  See  Physic.  Rtv,,  /.  c. 
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very  rapidly,  and  becomes  50  or  100  times  as  large  as  the  possible  ex- 
perimental error. 

In  the  second  part  of  this  paper,  these  data  will  be  used  to  calculate  the 
degree  of  dissociation  and  the  heat  of  formation  of  hydrogen  molecules. 
The  experiments  at  low  pressures  lead  to  a  somewhat  detailed  knowledge 
of  the  mechanism  of  the  reaction  taking  place  on  the  surface  of  the  wire. 

RSaSARCH   I^ABORATORY, 

GSNBitAi,  Blsctkig  Company. 

SCHBKSCTADY,  N.  Y. 
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No.  240.] 
THE  ADDITION  COMPOUNDS  OF  ORGANIC  ACIDS  IN  PAIRS* 

By  jAMSa  KSNDAXA. 

Received  June  13,  1914. 

In  a  recent  commtmication^  the  author  has  shown,  by  the  application 

of  the  freezing-point  method,  that  a  large  number  of  organic  acids  form 

addition  compounds  with  dimethylp3a-one,  and  that  these  compounds 

are  to  be  regarded  as  true  oxonium  salts.    The  reaction  is  best  expressed 

by  the  equation: 

O  O 

ch/Nch,  ch/^ch, 

U         '•^-         U      .H 

The  formation  of  an  equimolecular  addition  compound  is  thus  considered 
to  be  due  to  the  basic  (or  unsatiu-ated)  properties  of  the  group  >  C  =  0+^ 
in  which  oxygen  functions  as  a  quadrivalent  atom. 

This  same  group,  >  C  =  0+ ,  is  present  in  all  organic  adds  themselves. 
Consequently  it  appeared  probable  that,  if  the  acidic  properties  of  an 
organic  acid  could  be  suflfidently  suppressed,  the  basic  natiu^  of  the  group 
>C  =  0=fc  would  become  evident  and  formation  of  addition  compounds 
with  other  substances  could  be  obtained.  Now  the  addic  properties  of 
a  weak  add  can  obviously  be  reduced  to  a  minimum  by  the  presence  of 
a  second,  much  stronger  add.  In  the  present  investigation,  therefore, 
the  validity  of  the  general  condusions  drawn  in  the  previous  paper  is 
tested  by  this  method — the  examination  of  systems  containing  two  organic 
adds  of  widely  divergent  strengths. 

The  experimental  details  and  the  main  prindples  of  the  method  followed 
have  already  been  described  in  full.  The  formation  of  an  addition  com- 
pound can  be  inunediately  deduced  from  the  freezing-point  curve  of  a 
two-component  system  by  the  appearance  of  a  maximum  on  the  curve; 
the  position  of  the  maximum  indicates  the  composition  of  the  compound. 
1  Kendall,  This  Journal,  3^1 1222  (1914)- 
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Since  these  addition  reactions  are  reversible,  any  compound  formed  is 
partially  dissociated  into  its  components  on  fusion;  the  extent  of  dissocia- 
tion is  indicated  by  the  form  of  the  curve  near  the  maximum.  In  the 
previous  investigation  it  was  shown  that  the  degree  of  dissociation  (in 
other  words,  the  relative  stabiUty  of  the  salt)  is  a  function  of  the  strength 
of  the  add  used. 

For  the  present  work,  the  following  acids  were  selected  from  among 
those  previously  employed: 

Shriss  a.— Wsak  Acms.  Sbribs  B.— Stbomg  Acidb. 

Add.  100  K.  Acid.  100  K. 

Benzoic. . .' 0.0060  Trichloroacetic 121 .0 

o-Tduic 0.0120  Dichloroacetic 5 .  14 

m-Toluic 0.00514  Chloroacetic 0.155 

^Toluic 0.00515 

o-Toluic 0.00556 

Cinnamic 0.00355 

Acetic 0.00180 

Crotonic 0.00204 

The  terms  "weak"  and  "strong"  are  here  applied  to  the  acids  in  a 
relative  sense  only.  The  dissociation  constants  are  those  given  by  Ost- 
wald;^  for  the  stronger  acids  the  values  must  be  regarded  as  merely  ap- 
proximate.^ 

It  will  be  seen  that  the  acids  under  A  are  all  of  approximately  the  same 
strength,  while  the  adds  under  B  form  a  series  covering  a  very  wide  range. 
By  such  a  choice  of  material  it  was  made  possible  to  subject  the  views  of 
the  author  on  oxonium  salt  formatipn,  as  expressed  above,  to  a  very  rigor- 
ous test.  The  tendency  to  form  addition  products  should  increase  with 
the  difference  in  acidic  strength  of  the  two  components  of  the  system. 
Adds  of  widely  divergent  strengths  should  readily  give  addition  compounds, 
adds  of  similar  strengths  should  show  little  tendency  towards  compound 
formation.  In  the  above  series,  consequently,  we  should  expect  addition 
compounds  (if  produced  at  all)  to  be  most  stable  in  systems  containing 
trichloroacetic  add,  less  stable  when  dichloroacetic  add  is  present,  still 
less  stable  when  chloroacetic  add  is  employed. 

This  was,  indeed,  found  to  be  the  case  throughout.  With  trichloro- 
acetic add,  equimolecular  addition  compotmds  were  isolated  in  five 
out  of  eight  cases.  In  the  remaining  three  systems,  the  form  of  the  freez- 
ing-point curve  showed  that  such  compotmds  were  undoubtedly  present 
in  solution,  but,  owing  either  to  persistent  supercooling  or  to  extremely 
low  fusion  points,  could  not  be  isolated.  The  form  of  the  curves  indicated 
also  that  the  compounds  were,  fairly  considerably  dissodated  into  their 
components  on  fusion,  and  were  tmiformly  much  less  stable  than  those 
1  Ostwald,  Z.  physik,  Chem.,  3, 418  (1889). 

«KdidaU,  /.  Chem,  Soc„  xoi,  1275  (i9");  Meddel.  frdn  K.  VeL-Akads.  Nobel- 
inslitia,  Band  a,  No.  38  (1913)- 
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obtained  in  the  previous  investigation  with  dimethylp3rrone.  This  was 
to  be  expected,  since  there  the  components  were  one  acidic  and  one  basic, 
while  here  both  are  primarily  acidic. 

With  systems  containing  dichloroacetic  add,  addition  products  were 
obtained  in  two  out  of  eight  cases.  In  the  remaining  six,  compounds 
were  present  in  solution,  but  could  not  be  isolated.  (All  solutions  con- 
taining dichloroacetic  add  were  extremely  difficult  to  investigate,  owing 
to  persistent  supercooling.)  The  compounds  obtained  were  much  less 
stable  than  those  with  tridiloroacetic  add. 

Prom  systems  containing  chloroacetic  add  no  addition  compounds 
were  obtained,  and  the  curves  indicate  that  the  tendency  towards  com- 
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pound  formation  is  extremely  slight.  This  is  in  keeping  with  the  rela- 
tively weak  acidic  nature  of  chloroacetic  add.  The  examination  of  several 
similar  systems  (in  which  both  acids  taken  were  either  from  Series  A  or 
Series  B)  confirmed  the  conclusion  that,  with  adds  of  only  slightly  di- 
vergent strengths,  no  addition  compounds  are  formed. 

The  experimental  results  are  given  in  the  tables  bdow;  these  are  ar- 
ranged as  in  the  previous  paper.  A  few  typical  curves  are  shown  in  the 
accompan3ring  diagrams. 

Experimental. 

I.  Benzoic  Acid— Trichloroacetic  Acid.— The  equimolecular  compounds 
C6H».CC)OH.  CCU-COOH,  was  obtamed,  m.  p.  36.4^  (by  extrapolation). 
The  compound  is  not  stable  at  its  maximum,  and  crystallizes  only  from 
solutions  containing  excess  of  trichloroacetic  add.  The  freezing-point 
curve  is  shown  in  Fig.  2. 

(a)  Solid  phase,  Cai».COOH. 

%CtHi.COOH loo.o    80.1      6S.3    63.6    60.1     55-5    520    47.1 

T 121. o     105.6    89.7    79.9    72.8    64.0    54.4    43.1 

(b)  SoUd  phase,  CJIi.COOH,  CCU.CCX)H. 

%CJI».CXX)H 42.9      392    33.3    31.5 

T 34.6      32.6    28.1     26.6 

(c)  Saiid  phase,  CC]«.COOH. 

%C«Hi.COOH 26.7      22.5    21.9    16.7      9.4      o 

T 32.3      36.9    38.0    45.0    50.5    57.3 

a.  i>-Tolutc  Add— Trichloroacetic  Acid.— The  compound  C7H7.COOH, 
CC]s.COOH  was  obtained,  m.  p.  52.9°;  stable  at  its  maximum.  (See 
Fig.  I.) 

(a)  Solid  phase,  C7H7.COOH. 

%  CtHt-COOH. ! 100. o    90.0    81.2     73.9    67.2    58.3-53.8 

T IQ3.4    976    90.5    83.9    76.8    64.7    55.7 

(b)  SoUd  phase,  C7H7.COOH,  CCI1.COOH. 

%CyH7.COOH 49.8    45.5    40.8    37.6    33.1    28.8    23.5 

'T 52.9    52.6    51.8    S0.4    48.1    45-1    39.4 

(c)  SoUd  phase,  Cat.CCX)H. 

%C7H7.COOH 27.9    21.5     15.0      8.7      o 

1" 30.7    38.9    45.5    51.3    57.3 

3.  n^-Toluic  Acid— Trichloroacetic  Acid.— The  compound  C7H7.COOH, 
CCI1.COOH  was  obtained,  unstable  at  its  maximum;  m.  p.  37.4^  (by 
extrapolation).     (See  Fig.  i.) 

(a)  Solid  phase,  C7H7.COOH. 

%C7H7.CXX)H 100. o      89.3     78.1     65.7    60.2    5S.7    51.4 

T 107.6     100.2    89.8    75.3    66.6    56.9    45.4 

(6)  SoUd  phase.  C7H7.COOH,  CCl,.COOH. 

%C7H7.COOH 49.6      45.8    41.9    36.7 

T 37.3      36.3    34.6    31.3 
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.    {c)  Solid  phase,  CC1..COOH. 

%C7H7.COOH 31.4      26.5    21.0    15.9      7.7      o 

T 26.2      32.4    38.6    44.1    51.5    57.3 

4.  />-Toluic  Acid — ^Trichloroacetic  Acid. — An  equimolecular  compound 
was  obtained,  unstable  at  its  maximum;  m.  p.  69,0®  (by  extrapolation). 

(a)  SoUd  phase,  C7H7.COOH. 

%  C7H7.CCX)H 100. o    87.2     76.2    65.5    57.6    50.1     44.840.036.9 

T 178.6  170.4  160. 1  1459  131. 9  "5-5  100.2  84.1  69.1 

'    (6)  SoUd  phase,  C7H7.COOH,  CC1..COOH. 

%C7H7.COOH 34  5     305     25.7     22.3     18. i 

T... 63.5    60.3     55  7     51.8    45.0 

(c)  SoUd  phase,  CCU.COOH. 

%C7H7.COOH 12.9      6.9      o 

T 46.6    52.2     57.3 

5.  o-Toluic  Add — ^Trichloroacetic  Acid. — No  compound  was  here 
isolated.    The  curve  is  shown  in  Fig.  i. 

(a)  si>Ud  phase,  C7H7.COOH. 

%C7H7.CCk)H 100. o    90.5    81.4    70.8    63.1    55.4    47.9 

T 76.7    70.8    63.3    51.7    40.1     25.9      9.2 

{h)  S<^d  phase,  CCl«.COOH. 

%C7H7.COOH 41.2    34.9    28.4    20.8     II. 7      o 

T 10.2     21.2    31.3    41.2    49.3    57.3 

6.  Cinnamic  Acid— Trichloroacetic  Acid.— The  compound  CaHi.COOH, 
CCU.COOH  was  obtained,  unstable  at  its  maximum;  m,  p.  63.0®  (by 
extrapolation). 

(a)  Solid  phase,  CsHt.COOH. 

%CtH7.CX)OH 100. o      87.0      76.1     65.8    56.6    50.3 

T 136.8     122.1     108.5    94.8     79.9    68.5 

\b)  Solid  phase,  C8H7.COOH,  CC1..COOH. 

%CsH7.COOH 45  3       4i-4      353  292  25.9 

T 62.1       59-7      55-7  49.3  44.9 

(c)  SoUd  phase,  CCU.COOH. 

%C8H7.COOH 24.8       19.7       17.4  9.3  o 

T 36.1      42.5      45.0  51. 1  57.3 

7.  Acetic  Acid — ^Trichloroacetic  Acid. — ^No  compound  was  here  isolated. 

(a)  SoUd  phase,  CH,.COOH. 

%CH8.COOH 100. o    91-3    84.6  75.7  69.0 

T 16.4      99      3.1       —10. 1      —25.3 

(6)  SoUd  phase,  CClt.COOH. 

%CClt.COOH 510        46.1     38.5    30.2    22.5     12.8      o 

T —13.3    —0.1     15.4    28.4    37.6    47.3    57.3 
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8.  Crotonic  Acid— Trichloroacetic  Acid. — Here  also  no  compound  was 
isolated. 

(o)  Solid  phase,  C<H».COOH. 

%  CsH».COOH 100. o    91.0    82.7     75.7  65.7    60.0    54.2      49.9 

T 71.0    63.7    53.9    44.2  27.5     16. 1      2.1    — 9.9 

(b)  SoHd  phase.  CCU.COOH. 

%  C«Hf.COOH 45.1    40.7    34.4    26.6     19. 1     10.2      o 

T —12.7       1.2     16.4    30.4    40.3    496    57.3 

9.  Benzoic  Acid — Dichloroacetic  Acid. — ^The  compound  CeHe-COOH, 
CHCli.COOH  was  obtained;  unstable  at  its  maximum;  m.  p.  58.2 **  (by 
extrapolation).    The  freezing-point  curve  is  shown  in  Fig.  2. 

(a)  Solid  phase,  C«H,.COOH. 
%  C|Hi.COOH.     100. o      81.5    70.7    61. 1     50.8    48.4    45.7 
T 121. o    104.0    91.6    79.1    64.6    61.2    56.7 

(b)  SoUd  phase,  CfH,.COOH,  CHClt.COOH. 
%C6H*.COOH.       44.3      40.2    37.4    34  9    29.4    25.3     16.9     II. 6      8.3      5.4 
T 57.8      57.2    56.4    55.6  .52.8    50.1     42.6    33.6    25.5     15-3 

(c)  Solid  phase,  CHClt.COOH. 
%Caif.COOH.         1.8        o 
T 8.6        9-7 

10.  o-Toluic  Acid — ^Dichloroacetic  Acid. — No  addition  compound  was 
here  isolated. 

(c)  SoUd  phase,  C7H7.COOH. 

%  CtHt.COOH 100. o  89.5  78.6  69.1  60.7  51.2  43.0  37.9  28.2  20.4     14.4 

T 103.4  971  895  8i'6  741  63.0  52.1  44.9  28.4  13.0  — 1.9 

(b)  Solid  phase,  CHClt.COOH. 

%CiH7.COOH 12.5     7.1     o 

T — i.o    39    9.7 

11.  m-Toluic  Acid — ^Dichloroacetic  Acid. — Here  also  no  addition  com- 
pound was  isolated. 

(a)  Solid  phase,  CtHt.COOH. 
%  C7H7.COOH. . .     100. o      87.4    74-6    66.1     56.4    46.4    35.9    28.2     23.0 
T 107.6      98  5     875     79-4    68.2     53.8    35.8     19.9      6.1 

(b)  SoUd  phase,  CHCli.COOH. 
%C7H7.COOH...       17. 1       II. o      6.1      o 
T — 6.1     — 0.2      4.2      9.7 

12.  />-Toluic  Acid— Dichloroacetic  Add. — No  compound  was  isolated. 

(a)  Solid  phase,  C7H7.COOH. 
%  CtHt.COOH.   100. o    85.1     71.6    59.5    50.0    40.9  33.1  26.1  20.4  15.5  10.8 
T 178.6  168. 1  154.9  1396  125.2  109.0  91.3  75.2  39.7  42.3  23. 1 

(b)  SoHd  phase,  CHCU-COOH. 
%CtH7.COOH.       5.2      o 
T 5.1      9.7 
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13.  o-Toluic  Acid — ^Dichloroacetic  Acid. — ^No  compound  was  isolated. 
(See  Fig.  i.) 

(a)  Solid  phase,  C7H7.COOH. 
%  CjHy.CCX)!!...     100. o    93.3    81.4    71.8    63.9    59.2    50.0    42.9      36.9 

T 76.7     72.4    63.4    536    43.9    37.6    22.3      9.0    — 5-5 

(6)  SoUd  phase,  CHCls.COOH. 
%  CyHT.CX)OH, . .       25.9     15.3      7.5      o 
T — -14.6  —3.3      3.5      9.7 

14.  Cinnaxnic  Acid — Dichloroacetic  Acid. — ^The  equimolecular  compound 
CgHy.COOH,  CHClt.COOH  was  obtained;  unstable  at  its  maximum; 
m.  p.  8o.I^     (See  Fig.  2.) 

(a)  SoUd  phase,  CiHT.COOfi. 

%C|H7.COOH 100. o    86.1     74.1  62.8  55.0  51.5 

T 136.8  124.3  iii.o  97.6  86.1  80.0 

(6)  SoUd  phase,  CgHy.COOH,  CHClt.COOH. 

%  CsHy.COOH 51.5    50.0    44.8  37.3  29.8  24.6  17. 1  12.8    7.8    6.0    4.1 

T jo.o    80.1    79.777.874.269.661.454.042.835.724.7 

(c)  SoUd  phase,  CHCls.COOH. 

%C|H7.COOH 1.6      o 

T 8.6      9.7 

15.  Acetic  Acid — ^Dichloroacetic  Acid. — No  addition  compound  was 
isolated.  The  central  portion  of  the  curve  could  not  be  compkted, 
since  at  the  very  low  temperature  required  for  solidification  the  mixture 
sets  to  a  hard,  glassy  mass. 

(a)  Solid  phase,  CHt.COOH. 

%  CH1.COOH 100. o        91.4        79.2        70.5        63.6        55.0 

T 16.4.      10.3    — 0.7    — 10.8    — 21.5    — 37.0 

(h)  SoUd  phase,  CHai.COOH. 

%CHi.COOH 43.4        29.7        17.9  8.6  o 

T — ^40.8    — 18.2    — 4.2  3.9  9-7 

16.  Crotonic  Acid — ^Dichloroacetic  Acid. — No  addition  compound  could 
be  isolated. 

(a)  SoUd  phase,  CtH».COOH. 
%CtH».COOH.       100. o      93*6    86.8    80.6    71. i     65.3     55.8    47.4      40.4 
T 71.0      65.5     59.1     52.6    41.4    340    20.5      5.1     --9.7 

(6)  SoUd  phase,  CHCU.COOH. 
%C|H».COOH.        31.0      17.1      8.9      o 
T —18.5    —4.2      2.7      9.7 

17.  Benzoic  Acid — Chloroacetic  Acid. — ^No  compound  was  obtained  in 
any  system  containing  chloroacetic  add.  The  freezing-point  curve  is 
given  in  Fig.  2. 
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(a)  Solid  phase,  CeHi .COOH. 

%  CtH».COOH loo.o      8x.o    69.8    58.5    52.9    44.2    38.6    32.0 

T 121. o    107.3     96.8    86.1     80.4    69.9    62.4    52.6 

(b)  Solid  i^iase,  CHsQ.COOH. 

%  COIi-COOH 25.1      21. 1     14.4      5.9      9 

T 48.7      50.7    54.5    586    61.4 

z8.  ^Toluic  Acid— Chloroacetic  Acid. 

(a)  SoUd  phase,  CyH7.CXX)H. 

%  CtHt.COOH 100. o    89.1     770    66.4    57.4    50.5    44.4    38.2    32.4 

T 103.4    970    89.6    82.3    75.5    70.2    64.9    58.8    52.3 

(b)  SoUd  phase,  CH,Cl.COOH. 

%  CtHt.COOH 27.5     22.1     16.5     11. 5      5.8      o 

T 47.9    50.7    53.3    55.7     58.5    61.4 

Z9»  m^Toluic  Acid — Chloroacetic  Acid. 

(a)  SoUd  phase,  CtHt.COOH. 

%  CtHt.COOH 100. o      90.1     79.6    68.4    56.9    4^-3     35-7 

T 107.6     loi.o    93.6    84.7     73.3    64.1     33.9 

(b)  Solid  phase,  CHia.COOH. 

%  CtHt.COOH 28.4      21.2     14.4      7.7      o 

T 467      50.5    54»    57.7    61.4 

20.  ^Toluic  Acid — Chloroacetic  Add. 

(a)  SoUd  phase,  C7H7.COOH. 

%  CtHt.COOH 100. o    83.1     70.4    36.9    43.4    34.022.717.1x2.9 

T 178.6  167.2  135.8  141. 8  128.3  114. o  95.5  83.1  71. X 

{b)  SoUd  phase,  CHtCl.COOH. 

%  CtHt.COOH 93      4-7      o 

T 36.8    39.1     61.4 

21.  a-Toluic  Acid — Chloroacetic  Acid.— The  freezing-point  curve  is 
shown  in  Pig.  i. 

(a)  SoUd  phase,  CtHt.COOH. 

%  CtHt.COOH 100        89.5     80.9    72.3    64.8    36.6    49.9 

T 76.7    70.1     63.8    56.9    49.9    42.3    35.2 

(6)  SoUd  phase,  CHsCLCOOH. 

%  CtHt.COOH 416    32.9    23.9     14.9      6.7      o 

T 33.6    40.0    46.7    52.7    57.9    61.4 

22.  Cinnaniic  Acid — Chloroacetic  Acid. 

(a)  SoUd  phase,  CsHt.COOH. 

%C|H7.C00H 100  89.3      77.5      68.0    34.4    44.7    36.4    31.4 

T 136.8     128.2     118. 6     109.0    95.9    83.8    70.2    60.5 

(b)  Sdid  phase,  CHiCl.COOH. 

%CtH7.COOH 25.0      19.0      13.9      8.2        o 

T 48.3      51-2      54.0      57.1     61.4 
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23.  Acetic  Acid — Chloroacetic  Acid. 

(a)  Solid  phase,  CH«.COOH.  . 

%CHi.COOH 100        91.8    79.6      71.0 

T 16.4     10.7      1.7    — ^4.5 

^   (6)  Solid  phase.  CH,Cl.COOH. 

%  CHiXOOH 71.0    62.0    50.3      40.3    29.4    15.5      o 

T 5.0    12.8    22.2      29.7    38.0    49.4    61.4 

24.  Crotonic  Acid — Chloroacetic  Acid. 

(a)  Solid  phase,  CJI,.COOH. 

%CiH*.COOH 100        91.2    83.4    75.4    65.9    56.5 

T 71.0    64.4    57.7    50.7    411    30.9 

(b)  SoUd  phase,  CHiCl.COOH. 

%C|H».COOH 46.8    38.6    30.0    19.9    10.4      o 

T 29.9    36.5    42.6    50.0    55.8    61.4 

25.  Benzoic  Acid — o-Toluic  Acid. — In  this  and  the  two  following  sys- 
tems the  adds  are  both  from  Series  A;  no  compomid  formation  was  indi- 
cated. 

(a)  SoUd  phase.  COIi-COOH. 

%C|H».COOH 100         91.0      82.1     70.0    57.9    48.7    38.3 

T 121. o    115. 2     108.5    97.8    85.3    74.0    57.4 

(b)  SoUd  phase.  C7H7.COOH. 

%CfHi.COOH 28.9      18.9      10. 1      o 

T 56.9      63.7      69.5    76.7 

26.  Benzoic  Acid — Cinnamic  Acid. 

(a)  Solid  phase.  C«Hi.COOH. 

%C«H».COOH 100  86.8      76.9      699      61.7 

T 121. o    iii.o    102.0      95.4      87.2 

(b)  SoUd  phase.  CiHt.COOH. 

%C«Hi.COOH 52.5      42.3      33.1       19.9        9.6        o 

T 87.3     100.5     109.5     121. 5     130. 1     136.8 

27.  Benzoic  Acid — ^Acetic  Acid. — The  freezing-point  curve  is  shown  in 

Fig.  2. 

(a)  SoUd  phase,  COIt.COOH. 

%C«Hi.CCX)H 100        87.6    72.6  61.0  50.6  43.4  35.3  28.3  20.8  14.5 

T 12 1. o  III. 5  100.3  90.1  79  I  71 -5  60.9  50.9  38.2  19.2 

(b)  SoUd  phase.  CH,.CCX)H. 
%CJIi.COOH 9.7      5.2      o 

T 10.4    13.0    16.4 

28.  Chloroacetic  Acid — Dichloroacetic  Acid. — In  this  and^the  following 
systems  the  acids  are  both  from  Series  B;  no  addition  compounds  were 
isolated. 

(a)  SoUd  phase,  CH,CLCOOH. 

%CHia.COOH 100        90.1     82.5    75.8    66.4    54.0    40.4      32.7 

T 61.4    56.8    52.5    47.5    40.5    29.6    10.8    —5.5 
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(6)  SoUd  phase,  CHC1..C00H. 

%CH,Cl.COOH 24.7     12.2      o 

T —5.8      2.8      9.7 

29.  Chloroacetic  Acid — ^Trichloroacetic  Acid. 

(a)  SoUd  phase,  CH,C1.C00H.       • 

%CHiCl.COOH icx)        84.8    74.5    65.5    58.2    51.4 

T 61.4    53.5    46.5     38.9    31. o    22.4 

(b)  SoUd  phase,  CCU.COOH. 

%CHiCl.COOH ,41.7    31.9    24.1     15.5      o 

T 24.3    33.2    39.9    46.1    57.3 

30.  Dichloroacetic  Acid— Trichloroacetic  Acid. 

(a)  Solid  phase,  CHai.COOH. 

%CHCl8.COOH 100        93.7    82.2      68.7 

T 9.7      70      i.o    —7.9 

(6)  SoUd  phase,  CCl<.CX>OH. 

%CHCl».COOH 56.9    46.5    31.8      21.2     12. 2      o 

T --0.6    14.5    32.9      42.5    49.6    57.3 

Consideration  of  Results. 

The  general  conclusions  of  the  investigation  have  already  *been  stated 
in  the  introduction.  In  the  following  pages,  by  closer  examination  of 
the  freezing-point  curves  obtained,  some  quantitative  results  are  deduced 
and  discussed. 

Prom  the  diagrams  given,  it  will  be  seen  that  the  freezing-point  curves 
are  different  in  type,  even  where  no  addition  compound  is  isolated,  ac- 
cording to  which  add  of  Series  B  is  present  in  the  system.  In  systems 
containing  chloroacetic  add,  the  curves  obtained  are  approximatdy 
linear,  the  change  in  slope  as  the  eutectic  point  is  approached  being  very 
slight.  In  systems  where  dichloroacetic  add  is  present,  the  curves  deviate 
more  from  the  straight  line,  and  the  ''dip"  before  the  eutectic  is  more 
pronounced.  Finally,  in  systems  containing  trichloroacetic  add,  the 
curves  fall  away  rapidly  in  the  neighborhood  of  the  eutectic  point. 

It  remains  to  show  how  this  difference  in  diaracter  is  connected  with  the 
rdative  extent  of  compound  formation  in  the  mixture.  The  freezing 
point  of  a  pure  substance,  A,  will,  under  normal  conditions,*  be  equally 

^  That  is,  provided  the  substance  added  is  not  associated  or  dissociated  in  the 
solution. — It  is  not  intended  to  imply,  in  the  following  discussion,  that  association  or 
dissociation  of  the  substances  present  in  the  systems  considered  can  be  entirely  dis- 
regarded. Organic  adds,  as  a  class,  are  certainly  associated  to  some  extent  in  the 
liquid  state,  also  the  conception  that  the  addition  reaction  taking  place  in  the  solution 
is  ionic  (Kendall,  This  Journal,  36,  1242  (19 14))  assumes  dissodatton.  Never- 
theless, the  regularity  of  the  results  obtained  indicates  dearly  that  the  figures  given  in 
Table  I  are  legitimatdy  comparable,  and  that  the  above  disturbing  influences  are  only 
of  secondary  importance. 
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depressed  on  addition  of  equimolecular  amounts  of  different  foreign  sub- 
stances, provided  no  chemical  reaction  has  occurred.  If,  however,  the 
addition  of  a  second  substance,  B,  to  A  is  accompanied  by  the  formation 
of  an  addition  compound,  AB,  then  the  freeadng  point  of  A  will  be  abnor- 
mally lowered,  since  part  of  the  original  solvent  will  have  been  replaced 
by  a  foreign  substance,  the  compotmd  AB.  The  more  stable  the  addition 
{H-oduct  is,  the  greater  will  be  the  abnormal  depression  of  the  freezing 
point.  Hence,  the  form  of  the  curves  obtained,  when  different  substances 
are  added  to  A,  indicates  the  relative  extent  of  compotmd  fcnmation  in 
each  case. 

In  the  systems  examined  above,  chloroacetic  add  shows  no  tendency 
to  compotmd  formation  throughout,  and  the  freezing  point  curves  approxi- 
mate to  straight  lines.  ^  Where  dichloroacetic  add  is  present,  on  the  other 
hand,  addition  prodttcts  are  formed  and  can  in  some  cases  be  isolated, 
although  they  are  evidently,  from  the  flatness  of  their  curves  near  the 
maximum  point,  largely  dissociated  into  their  components  in  the  liquid 
state.  On  first  addition  of  dichloroacetic  add  to  an  add  in  Series  A, 
the  extent  of  compotmd  formation  wiU  be  very  small.*  Ptuther  addi- 
tion of  dichloroacetic  add  wiU  incnease  the  amotmt  of  the  compound 
present,'  and  that  this  corresponds  with  an  abnormal  depressicm  of  the 
freezing  point  is  indicated  by  the  ''falling  away"  of  the  curves  as  the  etitec- 
tic  is  approached.  Systeiiis  in  which  trichloroacetic  add  is  a  component 
are  similar  in  t3rpe,  but  the  addition  products  formed  are  more  stable. 
In  accordance  with  this,  the  freezing  point  dejMression  in  the  central  part 
of  the  ctu^e  becomes  still  more  abnormal,  as  is  evidenced  by  the  systems 
shown  in  Diagram  I. 

We  are,  therefore,  able  to  discover  by  comparison  to  what  extent 
compound  formation  has  occurred  in  any  particttlar  system,  from  the  form 
of  the  freezing-point  curve  alone,  even  if  it  is  not  possible  actually  to 
isolate  the  compotmd.  This  is  illustrated  by  the  figtu^es  given  in  Table  I, 
where  the  freezing-point  depressions  of  the  adds  in  Series  A,  due  to  addi- 
tion of  equimolectilar  amotmts  of  the  variotis  adds  in  Series  B,  are  col* 

*  Where  the  point  of  fusion  of  the  second  add  of  the  system  is  very  high  («.  g., 
^toluic  add)  a  sharp  final  bend  in  the  curve  is  necessary  to  enable  it  to  reach  the 
eutectic  point  at  all.  The  main  portion  of  the  curve,  however,  still  remains  Imear. 
Compare  Fig.  2,  Curve  IV. 

'  The  reversible  reaction  A  -f  B  5=^  AB  gives  the  equation  for  equilibrium: 

CAB/CA.CB  =»  k 
(c  >=  molecular  concentration,  k  »  constant.)    If  the  compound  AB  is  largely  disso- 
ciated on  f|ision,  the  constant  k  of  the  reaction  will  be  small.    Hence,  when  cb  is  smaU» 
CAB  is  also  very  small.    The  extent  of  compound  formation  will  obviously  be  greatest 
in  the  central  portion  of  the  curve.  , 

*  Not  only  for  the  reason  given  in  the  previous  note,  but  also  since  the  addition 
products  formed  are  more  stable,  the  lower  the  temperattu^. 
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lected.  The  values  given  are  obtained  directly  by  interpolation  from  the 
freezing-point  curves.^  (Tm  =  freezing  point  of  50%  mixture:  A  =  de- 
pression.) 

Tabxa  I. 

Trichloroftcetic.  Dichloroacetic.  Chloroacetic 

Add  A.                           .  Tu.  A.  Tm.              A  Tm.              A 

Benzoic 50.6  70.4  63.7  57.3  77.2  43.8 

o-Toluic 47.2  56.2  61.6  41.8  69.8  33.6 

ifi-Toltiic 40.4  67.2  59.4  48.2  68.8  38.8 

^Toluic 115. 2  63.4  125.2  53.4  134- 1  44-5 

o-Tduic 14.4  62.3  22.3  54.4  35.3  41.4 

Cinnamic 68.0  68.8  77.5  59.3  90.9  43.9 

Crotonic — 9.6  80.6  9.8  61.2  23.2  47.8 

The  above  results  show  that,  throughout  the  entire  series,  the  freezing- 
pcnnt  depression  caused  by  trichloroaoetic  add  is  greater  than  that  caused 
by  dichloroacetic  add,  which  is  in  turn  greater  than  that  caused  by  chloro- 
acetic add. 

This  dependence  of  compound  fonnation  upon  difference  in  addic 
strength  is  evidently  in  complete  accordance  with  the  views  on  oxonium 
salt  fonnation  developed  in  the  introduction.  The  regularity  of  the  values 
obtained  indicates  tiiat  the  results  are  not  greatly  influenced  by  any 
disturbing  factors  (assodation  or  dissociation  in  the  solution).*  Further 
evidence  on  the  point  is  to  be  obtained  from  systems  containing  adds 
of  similar  strengths  (25-27,  above).    From  these  we  have: 

Tabus  II. 

Original  acid.  Add  added.  Tm.  A 

Benzoic a-Toluic  75 .5  45 .5 

Benzoic Cinnamic  75.6  45.4 

Benzene Acetic  78.5  42.5 

Benzoic Chloroacetic*  77 .3  43. S) 

Cinnamic Benzoic  90.4  46.4 

Cinnamic Chloroacetic  90.9  45 .9) 

Here  Tm  and  A  have  the  same  significance  as  in  Table  I;  the  figures 
for  chloroacetic  add  are  induded  for  comparison.  The  constancy  of  A  for 
benzoic  add  with  different  adds  exhibiting  no  tendency  to  compound 
formation  shows  that  conditions  in  the  above  systems  are,  if  not  normal, 
at  least  comparable.'    The  freezing-point  depression  caused  by  chloro- 

^  In  a  few  cases  a  short  extrapolation  is  necessary.  The  figures  for  acetic  add  are 
not  given,  since  here  a  longer  extrapolation  is  required  and  accurate  values  cannot  be 
obtained.  The  curves  indicate,  however,  that  the  results  are  qualitatively  similar  to 
those  given  above. 

'  See  note  on  page  1731. 

'  For  small  additions  of  B  to  A  (up  to  20%),  the  freezing-point  curves  are  prac- 
tically identical,  whatever  add  in  Series  B  is  added.  In  this  region  the  extent  of 
compound  fonnation  is  small  in  all  cases  (see  Note  2,  page  1732). 
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acetic  add  is  approximately  normal;  it  is  evident  that  its  acidic  strength 
is  insufficient  to  suppress  the  acidic  properties  of  the  weaker  add  of  the 
system  so  far  ds  to  induce  combination. 

Addition  reactions  of  the  nature  dealt  with  in  this  paper  have  been  little 
investigated ;  a  few  compounds  of  the  type  add — add  have  been  previously 
described*  but  not  systematically  examined.  The  similarity  of  the  com- 
ponents accounts  for  the  small  number  of  compounds  isolated  in  the  present 
research,  but  fiuther  experiments  indicate  that  formation  of  addition 
products  is  of  very  general  occurrence  in  organic  reactions,  e,  g.,  as  an  inter- 
mediate stage  in  condensations.'  That  this  is  not  generally  recognized 
is  due  to  the  neglect  of  the  freezing-point  method  in  the  study  of  organic 
reactions. 

It  seems  to  be  still  the  rule  in  experimental  work  to  torture  substanoes 
into  combination  by  the  drastic  method  (inherited  from  the  alchemists) 
of  applying  heat.  This  certahily  gives  us  the  final  products  of  a  reacticm 
(or  series  of  reactions),  but  affords  no  due  to  its  mechanism.  If,  on  the 
other  hand,  we  mix  the  components  at  as  low  a  temperature  as  possible 
and  then,  by  freezing  the  mixture,  isolate  addition  products,  we  have 
obtained  definite  knowledge  of  an  intermediate  stage  of  the  reaction. 
This  wUl  be  exemplified  in  a  forthcoming  paper  on  sulfonation. 

Summary. 

The  freezing-point  curves  of  a  series  of  weak  organic  acids  with  the 
chloro-substituted  acetic  acids  have  been  investigated.  The  tendency 
towards  formation  of  addition  compounds  is  found  to  be  dependent  upon 
the  difference  in  acidic  strengths  of  the  two  components.  Adds  widely 
divergent  in  strength  give  addition  compounds  which  may  readily  be 
isolated. 

The  reaction  is  regarded  as  an  oxonium  salt  formation,  and  may  be 
expressed  as  follows: 

R— C«0±  R— C=0<f 

I  -h  HX  5=fc  I  \x 

OH  OH 

The  quantitative  results  obtained  are  in  complete  agreement  with  this 
view. 

NicHOi«8  Labokatoribs  op  Imoroanxc  Chbmutky, 

COLTTMBXA  UNIVBRSITY,  NBW  YORK  CxTY. 

*HoogewcrfF  and  van  Dorp,  Rec.  trav.  chim.  Pays-Bas,  21,  353  (1902);  Pfdffer, 
Ber„  47,  1593  (1914)- 

*  Compare  Guye,  /.  ch4m.  physique,  8,  119  (1910).  The  view  has  also  been  ad- 
vanced by  Michael  that  an  addition  process  represents  an  intermediate  stage  in  sub- 
stitution reactions  (This  Journal,  32,  looi  (1910)). 
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[C0NTKIBUT10N8  ntoM  TBS  SaswiBU)  Cbbmical  Laboratory  of  Yaim  Univsbsity.  ] 
RESEARCHES  ON  HTDANTOmS.    XXVm.    THE  SYNTHESIS  OP 
i,3i4-TRISUBSTITUTED  HTDANTOINS  FROM  DI- 
ETHYL ANILINOMALONATE. 

By   TUUT  B.  JOHMSON  AND   NORMAK  A.   SbSPAKD. 

Received  May  25,  1914. 

Hydantoin    axid    2-thiohydantoin    interact    smoothly    with    aromatic 
aldehydes^  when  heated  together  in  acetic  add  solution  and  in  the  pres- 
ence of  anhydrous  soditmi  acetate,  forming  characteristic  condensation 
products  as  represented  by  formulas  (I)  and  (II),  respectively: 
NH—CO  NH— CO 


CO 

I 


cs 


CHR 


NH—C  :  CHR  NH~C 

(I)     .  (ID 

The  reactions  are  generally  very  smooth  and  have  been  applied  suc- 
cessfully in  this  laboratory  with  a  great  variety  of  aldehydes.  The  only 
types  of  hydantoins  which  have  been  recorded  as  not  undergoing  con- 
densations in  the  above  manner,  are  the  3-monosubstituted  and  1,3- 
disubstituted  hydantoins.  Wheeler  and  Hoffmann'  observed,  for  ex- 
ample, that  neither  3-phenyl-  nor  1,3-diphenylhydantoins  (III  and  IV) 
NH—CO  Cai*N— CO 


(S)CO 


CJIi.N CHi 


(HI) 


(S)CO 


CJI.N— CH, 

(IV) 


condense  with  anisic  aldehyde  in  the  presence  of  sodium  acetate  and  acetic 

anhydride.     On   the   other   hand,    the   corresponding    2-thiohydantoins 

were  later  observed  to  condense  smoothly  with  aldehydes,  giving  good 

yields  of  condensation  products.'    It  is  also  of  especial  interest  to  note 

here,  at  this  time,  that  Biltz^  has  recorded  an  observation  that  1,3-di- 

methylhydantoin  (V)  does  not  condense  with  benzaldehyde.    Whether 

this  abnormal  behavior  is  to  be  explained  by  the  fact  that  such  hydan- 

CH.N— CO  CH,N— C.OH 

I  I' 

CO  CO 

I  I 

CHiN— CHi  CH,N— CH 

(V)  (VI) 

^  The  behavior  of  aliphatic  aldehydes  towards  hydantoins  is  now  being  investigated 
in  this  laboratory  (T.  B.  J.). 

"  Am,  Chem.  J.,  45,  368  (19"). 

'  Wheeler  and  Brautlecht,  Am.  Chem,  J.,  45,  446  (1911)- 

«Ber.,  45»  i673  (19"). 
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toins  have  not  a  normal  coastitution  (V),  but  are  to  be  expre^ed  by  their 
pseudo  or  enol  form  (VI),  must  be  decided  by  farther  investigatkin. 

The  study  of  several  of  these  abnormal  cases  is  now  being. continued 
in  this  lab9ratory.  During  the  progress  of  this  work,  important  and 
unexpected  experimental  data  were  obtained/  which  has  made.it  neces- 
sary to  develop  a  new  method  of  preparing  trisubstituted  hydantoins 
of  the  types  represented  by  i,3-diphenyl-4-benzylhydantoin  and  its  corre- 
sponding sulfur  analog  (Formulas  XII  and  XIV).  In  other  words,  it 
was  necessary  to  have  available  a  practical  method  of  synthesis  which 
does  not  invdve  the  condensation  of  an  aldehyde  with  a  hydantoin  and, 
ftu'thermore,  be  applicable  for  the  preparation  of  any  alkylhydantoin 
desirable,  with  substituents  in  the  i)3  and  4  positions  of  the  ring.  A 
description  of  a  method  of  synthesis,  which  meets  all  these  requirements, 
and  of  its  application  for  the  preparation  of  the  hydantoins  (XII)  and 
(XIV)  is  now  recorded  in  this  paper. 

That  diethyl  anilinomalonate  reacts  at  ordinary  temperature,  with  alco- 
holic sodium  ethylate,  giving  a  sodium  salt,  was  first  observed  by  Curtiss.' 
No  data  indicating  that  he  investigated  the  chemical  activity  of  this  sub- 
stance are  recorded,  however,  in  his  paper.  Later  Conrad  and  Reinbach,' 
who  were  working  with  dimethyl  anilinomalonate,  made  the  interesting 
observation  that  the  sodium  salt  of  this  ester  interacts  smoothly  with  all^l 
haUdes,  forming  the  corresponding  substituted  anilino  malonates.  They 
prepared, in  this  manner,  the  followingaminoestersidimethyl  methylanilino- 
.  malonate,  CeH6NH(CH8)C(COOCHs)2,  dimethyl  benzylanilinomalonate, 
C6H6NH(C6H6CHa)C(COOCH3)2,  dimethyl  o-nitrobenzylanilinomalonate, 
C6H6NH(N02.C6H4CH2)C(COOCfH8)2,  and  trimethyl  anilmoethantricar- 
boxylate,  C«H»NH.(CH2COOCH,)C(COOCH|)2.  Recently,  Johnson  and 
Shepard^  investigated  the  action  of  p-nitrobenzyl  chloride  on  the  sodium 
salt  of  diethyl  anilinomalonate  and  obtained  the  corresponding  ester, 
CJW^H(N02Cja4CHa)C.(COOC2H5),.  As  a  by-product  of  this  reac- 
tion, they  also  succeeded  in  isolating  a  oystaUine  substance  to  which 
they  provisionally  assigned  the  constitution  of  a-nitrobenzylindoxyl. 

The  starting  point  of  this  investigation  was  the  diethyl  ester  of  benzyl- 
anilinomalonate (VIII).  This  was  obtained  easily  by  the  action  of  benzyl- 
chloride  on  the  sodium  salt  of  diethylanilinomalonate.  The  reaction 
was  very  smooth,  and,  to  oiu-  surprise,  we  did  not  observe  the  formation 
of  a-benzylindoxyl  (X).  This  ester  (VIII)  was  converted  into  the  corre- 
sponding add  (XI)  by  saponification,  and  the  latter  transformed  into 
a-anilino-j9-phenylpropionic  add  (XIII)  by  heating  above  its  melting 

^  The  results  of  this  investigation,  which  is  being  conducted  by  Mr.  Sidney  Hadley, 
will  be  discussed  in  a  future  paper  (T.  B.  J.). 
'  Am.  Chem.  /.«  19,  694  (1885). 
'5«f.,  35.  511  (1903). 
*  Tms  Journal,  35i  994  (1913). 
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point*  We  found,  however,  that  this  change  is  best  effected  by  boiling 
an  'alcohoUc  solution  of  the  malonic  add,  when  an  almost  quantitative 
yield  of  the  monobasic  add  pCIH)  is  obtained.  This  observation  is  of 
special  interest  because  of  the  low  temperature  at  which  the  dissociation 
of  the  malonic  add  is  effected,  namdy,  nearly  loo®  lower  than  that  tem- 
perature at  which  the  add  is  decomposed  by  direct  heating. 

The  add  (XIII)  interacts  with  both  phenylisothiocyanate  and  phenyl- 
isocyanate,'  when  heated  with  it  at  130-1 40  ^  giving  hydantoin  com- 
potmds.  In  the  first  case  i,3-diphenyl-4-benzyl-2-thiohydantoin  (XII) 
is  formed  in  good  yidd.  Phenylisocyanate,  however,  reacts  far  less 
smoothly  with  the  anilino  add,  forming  i,3-diphenyl-4-benzylhydantoin 
(XIV).  The  latter  hydantoin  is  also  formed  by  desulfurization  of  the 
thiohydantoin  (XII).  This  is  easily  accomplished  by  heating  the  sulfur 
hydantoin  under  pressure  with  a  strong  aqueous  solution  of  chloroacetic 
add.  As  a  by-product  of  the  above  reactions  with  phenylisothiocyanate 
and  phenylcyanate,  we  obtained  a  crystalline  substance  which  gave 
analytical  values  agreeing  for  a-benzylindoxyl  (X).  i,3-Diphenyl-4- 
benzyl-2-thiohydantoin  mdts  at  129-130**.  The  corresponding  oxygen 
derivative  was,  however,  always  obtained  as  an  oil  whidi  solidified  only 
after  long  standing.  These  various  changes  are  represented  by  the  fol- 
lowing formulas: 

CJI«NH.CH(COOCtHf)t 
I      (VII) 


C«H»CHt>w 

>C(COOCaii)f 


C|H»NH' 


/ 


(VIII) 


\ 


NH—CO 
I  I  yCHiCH. 

CS     CC 

I  I  ^NHC«H, 

NH—CO 
(IX) 
CJI.N— CO 

I 
CS 


CJIiN— CHCHjCJI. 
(XII) 


(5> 


CH.CH,Cait 


(X) 


\ 


COIfCH,. 

>C(COOH), 

(XI) 


C«H»NCS 


CaisCHtCH(NHCaif)COOH 


\ 


C«HiNCO 


COIiN— CO^ 

I 

CO 

I 

CBUN— CH.CH,Cai» 

(XIV) 


(XIII) 
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This  new  method  of  synthesis  will  be  applied  for  the  preparation 
of  new  types  of  hydantoins  which  have  hitherto  received  no  attention. 

Diethyl  anilinomalonate,  diethylphthalimidomalonate,^  and  diethyl- 
aminomalonate,'  all  condense  with  thiourea,  in  the  presence  of  sodium 
ethylate,  giving  thiouranils.  BenzylanUinomalonate  (VIII)  interacts 
in  an  analogous  manner,  forming  5,5-benzylanilino-2-thiobarbituric 
add  (IX). 

Experimental  Part. 

CfHiCHjv. 
Diethylbenzylaniltnontalonate,  yC(COOCjHi)t. — This    ester   was 

prepared  by  the  action  of  benzylchloride  on  the  sodium  salt  of  diethyl 
anilinomalonate.  Three  and  six-tenths  grams  of  sodium  were  dissolved 
in  200  cc.  of  absolute  alcohol  and  40  grams  of  the  diethyl  ester  added  to 
the  solution.  On  warming  gently,  the  ester  dissolved,  and  finally  its 
soditun  salt  began  to  deposit.  Twenty  and  four-tenths  grams  of  freshly 
distilled  benzylchloride  were  then  added  and  the  mixtture  heated  on  the 
steam  bath.  There  was  an  immediate  reaction  with  separation  of 
sodium  chloride  and  within  a  few  minutes  the  reaction  was  complete. 
The  alcohol  was  then  removed  by  distillation  tmder  diminished  pressure, 
when  the  aniline  ester  was  obtained  as  a  heavy  yellow  oil.  This  was 
washed  with  water  to  remove  soditmi  chloride,  extracted  with  ether  and 
dried  over  potassimn  carbonate.  We  obtained  50  g.  of  the  crude,  dry 
ester,  corresponding  to  a  yield  of  93%  of  the  theoretical.  It  was  found 
that  this  ester  can  be  distilled  tmder  diminished  pressure,  but  not  with- 
out considerable  decomposition.  It  boiled  at  257-260^  at  50  mm.  For 
our  investigation,  however,  it  was  used  without  further  purification. 

CeHiCHfv 

Potassium  Salt  of  Benzylanilinomalanic  Acid,  ^(COOK)t.— 

Fifty  grams  of  the  crude  diethyl  ester  (above)  were  saponified  by  heating 
with  24 . 6  g.  of  potassium  hydroxide  in  56  cc.  of  50%  alcohol.  The  potas- 
sium salt  soon  began  to  separate.  After  heating  for  2  hrs.  the  solution 
was  cooled  to  o^  and  the  salt  separated  by  filtration.  It  was  purified 
by  crystallization  from  50%  alcohol  and  deposited  in  beautiful,  colorless, 
hexagonal  plates.  When  heated  at  295-300°  for  a  long  time  it  finally 
melted  to  a  dear  yellow  oil.  The  yield  of  piuified  salt  was  28  g. 
Calc.  for  CitHijOiNKi:  N,  388;  found:  N,  3  84.  41. 
Prom  the  alcohol  filtrates  left  after  purification  of  this  salt,  we  isolated 
4-5  K'  of  a-anilino-jS-phenylpropionic  add  (see  bdow).  This  corresponds 
to  6.7  g.  of  the  dipotassium  salt  of  benzylanUinomalonate. 

^  Johnson  and  Shepard,  Loc.  cU. 

*x  Johnson  and  Nicolet,  This  Journal,  36  (1914). 
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CeHiCHiv 
Benzylamlinomalonic  Acid,  yC(COOH)i. — A  quantitative  yield 

CH,NH^ 

of  this  add  was  obtained  by  treatment  of  the  above  potassium  salt 
in  aqueous  solution  with  hydrochloric  add.  All  attempts  to  piudfy  the 
add  by  crystaUization  from  alcohol  were  unsuccessful,  as  carbon  dioxide 
was  evolved  immediately  on  warming  the  solutions.  It  was  purified  for 
analysis  by  predpitation  with  hydrochloric  acid  from  an  ice-cold  solu- 
tion of  its  potassium  salt.  Under  these  conditions  it  separated  in  clus- 
ters of  radiating  needles,  which  melted  at  170-173°  to  a  clear  oil.  Car- 
bon dioxide  was  evolved  when  the  add  was  heated  to  190-200°. 
Calc.  for  CitHii04N:  N,  4.91;  found:  N,  4.87,  5.07. 
Disilver  Salt. — ^This  was  obtained  by  dissolving  the  potassium  salt  in 
water  and  then  adding  the  required  amount  of  silver  nitrate.  It  separa- 
ted as  a  colorless,  amorphous  predpitate,  which  was  unstable  on  heating. 
Analysis  of  the  salt  after  drying  in  a  desiccator  over  concentrated  sulfuric 
acid: 

Calc.  for  CieHuOiNAgi:  N,  2.8;  found:  N,  2.78. 

oL'Anilino-^'phenylpropionic  Acid,  C»H4CHaCH(NHC6H«)COOH.— 
Benzylanilinomalonic  acid  readily  loses  carbon  dioxide  when  heated 
above  its  melting  point  and  is  converted  into  this  amino  acid.  Much  de- 
composition, however,  takes  place  by  this  treatment  and  the  yidd  is 
not  good.  It  is  best  prepared  by  heating  an  alcoholic  solution  (absolute 
or  dilute)  of  the  malonic  add  at  the  boiling  temperature  for  a  few  min- 
utes. On  cooling,  the  propionic  add  separates  in  glistening  plates  show- 
ing distinct,  rhombic  fonns.  This  compound  begins  to  3ddd  at  165°, 
when  heated  in  a  capillary  tube,  and  then  mdts  at  170-3°  to  a  dear  oil 
without  any  apparent  decomposition.  It  is  easily  soluble  in  alcohol, 
moderatdy  soluble  in  benzene,  and  ciold  ether,  and  difficultly  soluble 
in  hot  water.  It  is  best  purified  by  recrystallization  from  50%  alcohoL 
Calc.  for  Ci»HiiOsN:  N,  5.8;  found:  N,  5.88,  5.99*  6.06. 

Eihyl  Ester,  Ci7Hi/)jN. — ^This  is  easily  obtained,  in  the  usual  manner, 
by  esterification  of  the  add  with  ethyl  alcohol  in  the  presence  of  sulfuric 
;add.  After  removing  the  excess  of  alcohol,  by  heating  under  diminished 
pressure,  the  ester  was  extracted  with  ether,  washed  with  water,  and 
finally  dried  over  anhydrous  sodium  sulfate.  It  was  purified  by  distilla- 
tion under  diminished  pressure  and  boiled  at  206-9°  at  12  mm.  A  second 
-sample  boiled  at  218-221°  at  19  mm.  pressure.  Under  these  conditions 
the  ester  was  obtained  as  a  thick,  yellow  oil,  which  sdidified  on  standing. 
It  crystallized  from  alcohol  in  stout,  hexagonal  prisms  or  blocks  which 
melted  at  48-49°  to  a  dear  oil  without  decomposition.  The  weight  of 
purified  material  was  5.0  g.  or  68%  of  a  theoretical  )rield. 
Calc.  for  CiTHiiOiN:  N,  5.20;  found:  N,  5.18,  5.15. 
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COIiN— CO 

I 

i,j-Diphenyl'2'thiO'4'bemylhydafUoin,    '     CS 


-Three     and 


CiHiN— CHCHiCHf 
four-tenths  grams  of  a-anilino-jS-phenylpropionic  add  and  1.9  g.  of 
phenyl  mustard  oil  were  heated  together  at  130-135  **.  Water  was  evolved 
immediately,  and  a  small  amotmt  of  the  unchanged  propionic  add  sub- 
limed during  the  operation.  After  heating  for  5  hrs.  we  obtained  a  brown 
oil,  which  was  diluted  with  alcohol.  A  crystalline  substance  separated 
at  once.  This  was  separated  and  then  triturated  with  cold  benzene^ 
when  the  above  hydantoin  dissolved,  immediately  leaving  behind  an  in- 
soluble crystalline  product  (see  below). 

The  benzene  solution  was  evaporated,  whereupon  we  obtained  a  yellow 
gum  which  immediately  solidified  after  trituration  with  95%  alcohol. 
This  was  purified  by  crystallization  from  alcohol  and  separated  in  dus- 
ters of  needle-like  prisms  which  melted  at  129-130®  to  a  clear  oil  without 
decomposition.  The  hydantoin  gave  a  strong  test  for  sulfur.  The  com- 
pound is  very  soluble  in  cold  benzene  and  ether;  easily  soluble  in  glacial 
acetic  add,  and  very  difficultly  soluble  in  hot  water.  It  is  insoluble  in 
dilute  sodium  hydroxide  solution  even  on  warming.  The  jdeld  of  puri- 
fied material  was  56%  of  the  theoretical. 

C^lc.  for  CttHiiONiS:  N,  7.82;  found:  N,  7.96,  794. 


'•  0-^" 


a-Benzylindoxyl,     I      I         ^H.CH,CJI,.— The    substance     obtained 

in  the  preceding  experiment,  whidi  was  insoluble  in  cold  benzene,  was 
purified  by  crystallization  from  gladal  acetic  add.  It  separated  in  well- 
defined,  prismatic  crystals  (cubical)  whidi  mdted  at  271-272®  to  a  dear 
oil.  They  did  not  contain  sulfur.  The  compound  was  difficultly  solu- 
ble in  water  and  very  soluble  in  alcohol  and  acetic  add.  The  yidd  was 
very  small. 

Calc.  for  CiiHuON:  N,  6.28;  found:  N.  6.2 x. 

Several  attempts  were  made  to  obtain  this  compound  in  larger  quanti- 
ties. The  corresponding  ^-nitrobenzyl  derivative^  was  obtained  as  a 
secondary  product  in  the  preparation  of  diethyl  nitrobenzylanilinomal- 
onate,  and  it  seemed  probable  that  this  corresponding  benzyl  compound 
would  be  formed  under  similar  conditions.  A  careful  examination,  how- 
ever, of  the  secondary  products  formed  in  the  reaction  between  benzyl 
chloride  and  the  sodium  salt  of  diethyl  anilinomalonate  failed  to  rev^ 
a  trace  of  the  indoxyl  compound. 

Benzylanilinomalonic  acid  was  also  heated  with  phenyUsothiocyanate^ 
but,  here  again,  the  yidd  of  indoxyl  was  not  increased.  This  malosic 
^  Johnson  and  Shepard,  Loc,  cit. 
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add  was  also  heated  alone  at  its  melting  point,  but  no  formation  of  the 
indoxyl  compound  was  observed.  We  finally  heated  a-anilino-|S-phenyl* 
propionic  add  with  potassium  hydroxide  at  200°,  but  the  result  was  nega- 
tive, nothing  but  benzoic  acid  being  identified. 

C«H»N--CO 


i,3'Diphenyl-4'benzylhydantoin,  CO 


. — ^This    hydantoin 


CeHiN— CHCH,C«H, 
is  fonned  by  the  action  of  phenylisocyanate  on  a-anilino-i9-phenyl- 
propionic  add.  The  reaction,  however,  is  not  smooth  and  the  yield  of 
hydantoin  is  poor.  One  and  three-tenths  grams  of  the  propionic  add 
were  heated  with  0.8  g.  of  the  isocyanate  for  3  hrs.  at  140-150®,  when  a 
brown  colored  product  was  obtained.  On  triturating  with  alcohol,  the 
latter  completdy  dissolved  with  the  exception  of  a  very  small  amount 
of  crystalline  material,  which  mdted  at  270-272®.  This  was  a-benzyl- 
indoxyl.  The  alcohol  filtrate  was  concentrated  to  remove  the  alcohol, 
when  an  oil  was  obtained  which  dissolved  in  ether.  A  small  amotmt 
of  diphenylurea  was  obtained  by  this-treatment.  After  drying  the  ether 
and  then  allowing  to  evaporate  the  diphenylhydantoin  was  obtained  as 
an  oil  which  finally  solidified  after  long  standing.  This  hydantoin  is 
extremely  soluble  in  the  common  organic  solvents  and  was  not  obtained 
in  a  crystalline  condition.  The  crude  dry  product  mdted  from  58  to  62  ® 
Calc.  for  CttHitOiN:  N,  8.1;  found  (Kjeldahl) :  N,  7.75. 

This   same  hydantoin  is  also  formed  by    heating  phenylisocyanate 
with  the  ethyl  ester  of  a-anilino-/9-phenylpropionic  add. 

Formation  of  i,3'Diphenyl'4''benzylhydafUoin  by  Desulfurization  of  1,3- 
IHphenyl'2-thio-4'benzylhydafUoin. — ^Three  grams  of  the  thiohydantoin 
were  heated  with  8.0  g.  of  chloroacetic  add  and  15  cc.  of  water  for  6  hours 
at  150®.  The  desulfurized  product  was  obtained  as  an  oil.  This  was 
finally  digested  with  hydrochloric  add  to  destroy  any  addition  product 
fonned  with  the  halogen  add  and  then  dissolved  in  ether  and  dried  over 
caldum  chloride.  After  evaporating  the  ether  the  hydantoin  was  then 
dried  over  concentrated  sulfuric  add  and  finally  by  heating  at  105-1  lo*. 
Calc.  for  CisHitOtNs:  N,  8.1;  found:  N,  772. 
NH—CO 

2'Tkuh5-bemyl-7-pkenyluramil,   CS    C^  . — ^This     uramil    was 

NH— CX) 
obtained  in  the  form  of  its  sodium   salt  by  digesting  thiourea  in  alco- 
holic solution  with  soditmi  ethylate  (2  molecular  proportions)  and  diethyl 
benzylanilinomalonate.    After  heating  on  the  steam  bath  for  9  hrs.  the 
yellow  sodium  salt,  which  had  deposited,  was  separated  by  filtration  and 
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dissolved  in  water.  After  washing  with  ether  to  remove  a  trace  of  oil, 
the  uramil  was  precipitated  by  addition  of  hydrochloric  acid.  It  separa- 
ted as  an  oil,  which  finally  solidified  on  standing.  The  3rield  was  2 .  i  g. 
<>^  35%  oi  theory.  It  was  purified  by  crystallization  from  alcohol  and 
separated  in  stout,  prismatic  blocks.  They  melted  at  219-220**  to  a  dear 
oil,  which  soon  began  to  decompose  with  effervescence.  This  pjrrimidine 
is  very  soluble  in  glacial  acetic  add,  moderatdy  soluble  in  hot  benzene 
and  cold  ether,  and  very  difficultly  soluble  in  hot  water.  The  condensa- 
tion was  repeated  with  four  molecular  proportions  of  sodium,  but  the 
yield  of  pyrimidine  was  not  increased.  A  portion  of  the  malonic  ester 
undergoes  decomposition  during  the  reaction  and  a-anilino-|S-phenyl- 
propionic  acid  is  fomed. 

Calc.  for  CitHuOiNiS:  N,  12.92;  found:  N,  12.75,  12-69,  13.03. 
Nsw  Havsn,  Conn. 
May  20,  1914. 
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RESEARCHES  ON  PTRIMIDINES:    LXXI.    SYNTHESIS  OF  THE 
PYRIMIDINE  NUCLEOSIDE,  4-HYDROXYMETHYLnRACIL. 

By  Trbat3.  Jobnson  and  Lbwib  H.  Chskmofp. 
Received  June  6,  1914. 

This  paper  is  our  third  contribution  to  the  chemistry  of  pyrimidine 

nucleosides.^    It  includes  a  description  of  the  synthesis  and  properties 

of  the  simple  nucleoside  of  lu-adl,   namely,   2,6'dioxy-4-hydroxymeihyl'- 

pyrimidine  represented  by  Formula  (I). 

NH— CO  *  NH— CO 

II  II 

CO     CH  CO     C.CH, 

I         II  -  I  II 

NH— C.CH,OH  NH— C.CHiOH 

(I)  (II) 

The  method  of  synthesis,  which  has  been  applied  successfully  for  the 
preparation  of  this  interesting  pyrimidine,  is  perfectly  analogous  to  that 
employed  for  the  preparation  of  the  corresponding  simple  nucleoside  of 
thymine,  namely,  2,6-dioxy-4-hydroxyTqethyl-5-methylpyrimidine*  repre- 
sented by  Formula  (II).  The  starting  point,  in  this  case,  was  the  ethyl 
ester  of  ethoxyacetic  add  (III),  which  was  prepared  in  quantity  by  inter- 
action of  sodium  ethylate  with  ethyl  chlcnroacetate,  and  also  from  the 
nitrile  CjHsO.CHjCN'  by  direct  esterification  with  ethyl  alcohol  in  the 
presence  of  hydrochloric  acid  (imidoester  method).  The  ester  undergoes- 
condensation  with  ethyl  bromoacetate,  in  the  presence  of  amalgamated 

^Johnson  and  Chemoff,  J.  Bid.  Chem.,  14,  307;  This  Journal,  35,  585  (1913)^ 
'  Johnson  and  ChernoiP,  Loc  cU. 
*  Sommelet,  Compt,  rend.,  Z431  827. 
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zinc,'  giving  the   /^-ketone  ester — ethyl   y-ethoxyacetoacetate   (IV).    The 
reaction  may  be  expressed  by  the  following  equation:^ 
CrfisOCHiCOOCHft  -h  Zn.Hg  +  Br.CHi.COOCjH,  = 

(in) 

CH*OCH,C— CHjCOOCH,       ^% 
X)ZnBr 
COIftOH  +  Zn(OH)Br  +  COIftO.CHi.COCHsCXDOCiHft 

(IV) 

This  ester  (IV)  exhibits  the  normal  properties  of  a  /8-ketone  ester  and 
condenses  normally  with  thiourea  in  alcohoUc  scdution  and  in  the  presence 
d  sodium  ethylate,  fcnining  the  sodiimi  salt  of  the  thiop3n:imidine  repre- 
sented by  Formula  (V).  The  yield  of  this  pyrimidine  was  excellent. 
The  condensation  may  be  represented  as  follows: 

NH,      COOCOI*  NH— CO 

II  II 

CS   -f  CH.  -  CS      CH  -f  H,0  -f  CfH^OH 

II  I  II 

NH,      CO.CHjOCH*        NH— CCHtOCH, 

(V) 

little  difficulty  wds  encountered  in  converting  quantitatively  this  thio- 

pyrimidine  (V),  into  its  corresponding  oxygen  derivative  (VI).    This  was 

accomplished  by  digesting  the  thiopyrimidine,  in  aqueous  solution,  with 

dik)roacetic  add.    The  mechanism  of  this  change  may  be  represented 

by  the  following  formulas: 

NH— CO  NH— CO 

;          !                         ClCHsCOOH     HOOC.CHjv  I  I 

CS     CH  ►  >S  =  C        CH  — ► 


I    II 

XH-C,CH,OCiH»  NH— C.CHiOCH, 

NH— CO  NH— CO 

II  H.O  II 

HOOCCH,S--C        CH  — ►    HSCHiCOOH  +  CO     CH 

II         II  '''''  I  II 

N C.CH,OCtH,  NH— C.CHiOCiH* 

(VI) 
4-Ethoxymethylmacil   (VI)   is  very  stable  in  the  presence  of  acids. 
It  undergoes  no  change. when  heated  with  io%  sulfiuic  acid  at  140°. 
When  heated  with  concentrated  hydrochloric  acid  at  100®,  ethyl  chloride 
'  Johnson,  This  Journal,  35,  582  (191 3). 

'  This  reaction  has  been  applied  successfully  with  a  number  of  other  esters  and  the 
interesting  results,  which  have  been  obtained,  will  be  discussed  in  future  papers.  These 
types  of  ^-ketone  have  hitherto  received  practically  no  attention,  and  should  be  of  value 
(or  the  synthesis  of  other  important  combinations  of  immediate  biochemical  and  thera- 
peutic interest     (T.  B.  Johnson.) 
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was  evolved  and  the  pyrimidine  ether"  was  converted  smoothly  into  the 
primary  halide,  2,6-dioxy-4-chloromethylpyTimidine  (VII). 
NH— CX)  NH— CO  NH— CX) 

CO     CH  Zr^   CO     CH  ^  CO     CH 

I    II  I    II  I    II 

NH— C.CHjOCiHi  NH— CCHjOH  NH— C.CH,C1 

cvn) 

In  order  to  convert  this  chloropyrimidine  (VII),  into  the  simple  nucleo- 
side of  uracil  (I),  it  was  first  digested  in  aqueous  solution,  with  silver 
sulfate  to  remove  the  halogen  and  the  resulting  sulfate  was  then  de- 
composed by  digesting  with  an  aqueous  solution  of  barium  }iydroxide. 
In  this  manner,  the  nucleoside  (I)  was  easily  obtained  in  a  colorless, 
crystalline  condition.  A  description  of  this  compound  is  given  in  the 
experimental  part  of  this  paper. 

NH— CO  /NH-CO         \  NH— CO 

II  M  '  1  B.(OH,.      I  I 

2  CO     CH         -f  Ag,SO«  — ►    I    CO     CH  ISO,    ?!i^«    CO     CH 

I    II  vi   II     y         I   II 

NH— C.CH,a      •  ^NH— C.CH,0^«  NH— C.CHjOH 

(I) 

The  structures  of  the  ethers  (V)  and  (VI),  the  halide  (VII),  and  the 

nucleoside  (I),  were   all   established   by   the   behavior   of   the   uracil* 

nucleoside  on  reduction.    When  digested  in  hydriodic  add  solution,  in 

the  presence  of  a  small  amount  of  phosphorus,  it  underwent  reduction 

smoothly  and  was  converted  into  Behrend's  4-methyluracil  (VIII). 

NH— CO  NH— CO 

II  II 

CO     CH  +  aHI  «=  CO     CH     -f  I«  +  H,0 

I         II  I         II 

NH— C.CHiOH  NH— C.CH, 

(VIII) 

Experimental  Part 
Ethyl  y-Ethoxyacetoacetate,  C»HjOCH8CO.CH,COOC»H«.— The  boiling 
point  of  this  ester  has  previously  been  recorded  in  a  paper  from  this  lab- 
oratory.^ The  ester  is  easily  obtained  by  interaction  of  molecular  pro> 
portions  of  ethyl  etho3cyacetate  and  ethyl  bromoacetate  in  the  presence  of 
amalgamated  zinc.  The  esters  were  mixed  with  one  or  two  molecular 
proportions  of  amalgamated  zinc,  in  a  dry  flask  connected  to  a  reflux 
condenser,  and  the  mixture  then  warmed  on  a  steam  bath.  At  first,  there 
was  no  apparent  evidence  of  a  reaction,  but»  on  continued  warming,  there 
was  finally  a  great  evolution  of  heat  and  the  reaction  became  so  violent 
that  it  was  necessary  to  cool  with  ice  water.  Within  a  few  minutes, 
however,  the  violent  reaction  was  over  and  the  mixture  was  then  heated 
1  Johnson,  he.  cU. 
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at  loo^  for  lo  hours.  We  obtained  a  dark  ooiored  syrupy  product,  which 
was  poured  into  cold  water  to  decompose  the  double  zinc  compound. 
After  acidifying  with  hydrochloric  add,  to  complete  the  decomposition 
and  to  dissolve  the  zinc  hydroxide,  the  oil  was  thoroughly  extracted  with 
ether  and  the  add  filtrate  discarded.  The  ether  solution  of  the  crude  oil 
was  then  washed  several  times  with  cold,  dilute  soditun  hydroxide  solution 
in  order  to  remove  the  /9-ketone  ester.  On  addifying  this  alkaline  solution 
with  hydrochloric  add  (cold)  the  ketone  ester  separated  at  once  and  was 
dissolved  in  ether.  After  washing  with  water  and  finally  drying  over 
anhydrous  caldum  chloride,  it  was  then  purified  by  distillation  under 
diminished  pressure.  Some  of  the  observed  boiling  points  of  different 
preparations  are  recorded  bdow: 

Pressure  in  mm 22  26  50  30         33  53 

BoQing  point Ii3*      ii6-i20*      mo--i25*      ixy*      121*      f32* 

The  average  yidd  obtained  was  about  15%  of  the  theoretical.  The 
ketone  ester  can  also  be  obtained  by  applying  the  condensation  with  ethyl 
chloroacetate,  but  the  yield  is  smaller. 

NH— CO 

I        I 
2-ThiO'4'ethoxyfnethyl-6'Oxypyrtfnidine,  CS    CH  . — por  the  prep- 

NH— CCHiOCiH, 
aration  of  this  new  pyrimidine,  molecular  proportions  of  thiourea 
were  condensed  with  ethyl  7-ethoxyacetoacetate  in  the  presence  of  sodium 
ethylate.  The  quantities  of  reagents  used  in  one  experiment  were  as 
follows :  13.5  g.  of  the  ketone  ester,  5.9  g.  of  thiourea  and  3.6  g.  of  metallic 
sodium.  The  sodium  was  dissolved  in  50  cc.  of  absolute  alcohol  and, 
after  cooling,  the  thiourea  and  ketone  ester  added.  The  mixture  was  then 
digested  on  the  steam  bath  for  7  hrs.  to  complete  the  reaction  and  the 
alcohol  finally  removed  by  evaporation  on  a  water  bath.  We  obtained 
the  sodium  salt  of  the  p3rrimidine  as  a  colorless  solid,  which  was  very 
soluble  in  water.  On  addifying  this  solution  with  acetic  add  the  p3rrimi- 
dme  separated  as  a  heavy  cr3rstalline  predpitate.  This  was  separated  by 
filtration,  washed  with  water  and  finally  purified  by  crystallization  from 
hot  water.  It  deposited  in  large  radiating  prisms,  which  mdted  at  180-1  ^ 
to  a  dear  oil.    The  yidd  was  7.1  g. 

Cak.  for  C^HioOtNiS:  N,  15.05.    Pound:  N.  25.07. 
NH-<X) 
I         I 
2,6'Dioxy-4'ethoxyfnethylpyrifnidine,  CX)     CH  . — pive  grams  of  the 

NH— C.CH,OCiH, 
preceding  2-thiop3nimidine  and  5  g.  of  chloroacetic  add  were  dissolved 
in  hot  water  (50-75  cc.)  and  the  solution  boiled  for  3  hrs.  when  the  de- 
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sulfurization  of  the  tWbpytimidfaie  was  apparently  complete.  The 
mixture  was  then  evaporated  on  the  steam  bath  and  the  residue  obtained 
finally  triturated  with  cold  water.  The  above  pyrimidine  was  obtained 
in  crystalline  condition  by  this  treatment.  It  was  washed  with  cold 
water  and  finally  purified  by  crystallization  from  hot  alcohol.  It  separated 
in  rhombic  prisms  which  melted  at  175**  to  an  oil.  The  yield  of  purified 
p)rrimidine  was  2.5  g. 

Calc.  for  CTHioOjNt:  N,  16.47.    Pound:  N,  16.44. 

Behavior  of  2,6-Dioxy'4'ethoxymethylpyrimidine  when  healed  with 
Sulfuric  Acid, — One  gram  of  the  pyrimidine  and  25  cc.  of  10%  sulfuric 
acid  were  heated  in  a  bomb  tube  for  3  hrs.  at  125**.  On  cooling,  the  pyr- 
imidine crystallized  out  apparently  unaltered.  The  heating  was  con- 
tinued for  3  hrs.  at  140®,  and  the  sulfuric  acid  then  removed  from  the 
solution  by  precipitation. as  barium  sulfate.  After  filtering  off  the  sulfate, 
the  neutral  solution  was  concentrated  and  cooled,  when  the  unaltered 
pjrrimidine  separated  in  the  form  of  prismatic  crystals.  It  melted  at 
174®.    The  pyrimidine,  therefore,  did  not  undergo  conversion  to  uracil. 

NH— CO 
I         I 

2,6'Dioxy-4<hloromethylpyrimidine,     CO    CH        . — ^This   halogen    de- 

NH— C.CHjCl 
rivative  was  formed  by  interaction  of  the  above  ethoxypyrimidine  with 
hydrochloric  acid.  Two  grams  of  the  p)n4midine  were  heated  with  50  cc. 
of  concentrated  hydrochloric  acid  for  about  24  hrs.  at  ioo°.  The  contents 
of  the  tube  were  then  transferred  to  a  beaker  and  evaporated  to  dryness 
at  100°,  when  a  dark  colored  residue  was  obtained.  This  was  dissolved 
in  hot  water,  the  solution  decolorized  by  digesting  with  bone-coal  and 
finally  concentrated  again  to  a  small  volume.  On  cooling,  the  chloro- 
pyrimidine  finally  separated  in  the  form  of  small  radiating  prisms,  which 
decomposed  at  204-215®,  depending  on  the  rate  of  heating.  The  dust 
from  this  compound  irritates  the  membranes  of  the  nose  producing  sneez- 
ing. 

Calc.  for  CiHftOjNjCI:  N,  17.45.     Found:  N,  17.7. 

NH— CO 

I  I 

2f6'Dioxy'4-hydroxymethylpyrifnidine,    CO     CH  . — In      order       to 

NH— CCHjOH 
obtain  this  simple  nucleoside  of  uracil  we  proceeded  as  follows:  to  an 
aqueous  solution  of  the  above  chloropyrimidine  (1.4  g.  in  200  cc.  of  water) 
was  added  an  excess  of  silver  sulfate  (2.5  g.)  and  the  mixtiuie  boiled  in  an 
open  dish  for  about  one  hour,  keeping  the  volume  constant  by  addition  of 
water.    The  insoluble  silver  chloride  was  then  filtered  off  and  the  excess 
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of  silver  in  solution  precipitated  as  sulfide  by  hydrogen  sulfide.  The 
solution  was  then  boiled  to  remove  all  free  hydrogen  sulfide  and  the  silver 
sulfide  separated  by  filtration.  The  sulfuric  acid  was  then  separated  by 
precipitation  as  sulfate  with  barium  hydroxide  and  the  excess  of  barium 
precipitated  as  carbonate  by  saturating  the  solution  with  carbon  dioxide. 
The  neutral  solution  was  then  concentrated  and  cooled,  when  the  nu- 
cleoside separated  in  prismatic  crystals.  This  pyrimidine  was  purified 
for  analysis  by  crystallization  from  hot  water  and  separated  on  cooling, 
in  small  plates.  They  did  not  possess  a  sharp  melting  point.  On  heating 
in  a  capillary  tube  the  pyrimidine  began  to  show  signs  of  melting  at  about 
240**  and  then  decomposed  quite  sharply  a  254®.  This  decomposition 
point  varies  according  to  the  rate  of  heating.  The  yield  of  purified 
nucleoside  was  0.6  g. 

Calc.  for  CiHeOjNi:  N,  19.72.     Found:  N,  1942. 

The  structure  of  this  nucleoside   was  established  by  its  behavior  on 
reduction  with  hydriodic  acid. 

NH— CO 
I    •     I 

The  Fotmation  of  4'Methyluracil,  CO     CH     . — Five-tenths  of  a  gram 

NH— C.CH, 

of  the  nucleoside  was  dissolved  in  15  cc.  of  hydriodic  acid  (sp.  gr.  1.7) 

and  about  o.i  g.  red  phosphorus  added  to  the  solution.    The  solution  was 

then  boiled  for  4  hrs.,  diluted  with  wkter  and  finally  filtered  to  remove 

the  phosphorus.    The  halogen  and  phosphate  radicals  were  then  removed 

by  digesting  with  an  excess  of  silver  carbonate.    After  filtering,  the  excess 

of  silver  was  then  precipitated  as  sulfide 'with  hydrogen  sulfide  and  the 

aqueous  solution  then  decolorized  by  boiling  with  bone-coal.    The  solution 

was  then  concentrated  and  cooled,  when  4-methyluracil  deposited  in 

colorless  crystals.    It  was  ptuified  by  recrystallization  from  hot  water. 

It  did  not  melt  or  undergo  decomposition  below  300°  and  when  mixed 

with  pure  4-methylm'acil  this  behavior,. on  heating,  was  not  altered. 

Calc.  for  CftHtOsNs:  N,  22.22.     Fotind:  N,  21.9. 
Nbw  Hav«n,  Conn. 


[CONYKIBinnON   VROM  TBS   CbSMICAL  LABORATORY  OP  TRB   UnIVBRSXTY  OP   TbXAS.] 

THE  ACTION  OF  MONOCHLOROACETIC  ACID  ON  SEMI- 
CARBAZIDE  AND  HYDRAZINE. 

BV  J.  R.  BAIUtV  ANP  W.  T.  R«AD. 

Received  June  8.  1914. 

Introduction. 

Hydrazine  derivatives  have  been  prepared  by  the  action  of  mono- 

chloroacetic  acid  on  phenylhydrazine,*  and  on  hydrazine,*  but  no  inves- 

»  Ber„  28, 1231  (1895);  36,  3887  (1903). 
s  /.  prakt,  Chem.,  [2]  83,  249  (1861). 
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ligation  of  a  similar  reaction  has  been  published  between  semicarbazide 
and  halogen  acids.  Our  work  on  this  latter  reaction  has  shown  that  both 
semicarbazinoacetic  add,  NHjCONHNHCHjCOOH,  and  semicarbazino- 
diacetic  acid,  NH2C0NHN(CH,C00H),,  result  when  potassium  chloro- 
acetate  and  semicarbazide  are  heated  in  aqueous  solution.  The  yield  of 
semicarbazinoacetic  add,  as  obtained  by  us,  is  poor,  but  semicart>azino- 
diacetic  acid  is  readily  prepared  by  this  method.  It  was  observed  that 
monochloroacetic  acid  reacts  much  more  easily  with  semicarbazide  than 
do  the  halogen  derivatives  of  the  higher  fatty  adds,  a  behavior  wherein 
semicarbazide  resembles  hydroxylamine.^ 

The  study  of  the  action  of  potassium  chloroacetate  on  semicarbazide 
suggested  a  modification  of  the  method  of  Ctirtius  and  Hussong*  for  ob- 
taining hydrazinodiacetic  add,  which  has  led  to  a  simplification  of  their 
process  with  a  greatly  increased  yidd.  This  interesting  substance  is  now 
available  in  any  amount  desired  with  a  few  hours'  work.  Curtius  and 
Hussong  employed  5  mols  of  hydrazine  hydrate  to  2  mols  of  monochloro- 
acetic add,  whereas  in  reality  the  molecule  of  hydrazinodiacetic  add  is 
built  from  one  molecule  of  hydrazine  and  two  molecules  of  monochloro- 
acetic add.  In  their  process,  one  molecule  of  this  excess  of  hydrazine 
reacts  to  neutralize  the  hydrochloric  add  liberated  in  the  reaction,  and  a 
second  molecule  gives  with  the  hydrazinodiacetic  add  formed  a  hydra- 
zine salt.  The  reactions  that  take  place  in  the  process  may  be  interpreted 
as  follows:  sNHjNHa  +  2CH,C1C00H  =  NH2N(CH,COOH),.NHjNH2  + 
NH2NHj.2HCt  -f-  2NH2NH2  excess.  The  excess  hydrazine,  as  well  as 
the  hydrazine  forming  a  salt  with  the  hydrazinodiacetic  acid,  is  removed 
here  by  fractional  predpitation  with  benzaldehyde.  Hydrazinodiacetic 
add  itself  does  not  react  with  aldehydes.  It  is  simply  freed  from  the 
hydrazine  salt  by  the  action  of  the  aldehyde  and  separates  along  with 
benzalazine,  and  the  latter  is  removed  by  alcohol.  In  the  modification 
of  this  process,  as  worked  out  by  us,  i  mol  of  hydrazine  hydrate,  2  mols 
of  CH2CICOOH  and  2  mols  of  K2CO8  are  employed,  the  reaction  pro- 
ceeding as  follows: 
NH2NH2  +  2CH2CICOOH  +  2K2CO3  = 

NHjNCCHjCOOK),  +  2KCI  +  2CO2  +  2H,0. 
At  the  end  of  the  reaction,  the  hydrazinodiacetic  add  is  liberated  from  its 
salt  by  neutralization  with  hydrochloric  add,  whereupon  the  hydrazine 
add  crystallizes  out.  This  method  is  similar  to  tiie  one  employed  by  M. 
Busch  in  the  preparation  of  asymmetric  phenylhydrazinoacetic  add, 
CeH6N(CH2COOH)NH2,  from  i  mol  phenylhydrazine,  i  mol  monochloro- 
acetic acid,  and  i  mol  potassium  carbonate.'    Curtius  obtained  from  50 

1  Ann.,  a89i  285  (1896). 

*  /.  prakL  Chem.,  [2  J  83,  271  {1861). 

>  Loc.  cU, 


Digitized  by 


Google 


MONOCHLOROACBtIC  ACID  ON  SUUtCARbAZXD^,  ETC.  1^4^ 

g.  hydrazine  hydrate  16-18  g.  of  hydrazinodiacetic  acid,  which  he  re- 
ports as  a  51-57%  yield,  but  it  should  be  observed  that  this  calculation 
is  based  on  the  amount  of  monochloroacetic  acid  used  (40  g.).  Calcu- 
lated the  other  way,  the  yield  dwindles  to  10.8-12.2%.  We  obtained 
from  21  g.  of  hydrazine  hydrate  21 .5  g.  of  recrystallized  hydrazinodiacetic 
acid,  which  represents  a  jrield  of  34.6%,  calculated  on  the  basis  of  the  hy- 
drazine hydrate  used. 

Two  metkods  were  investigated  for  isolating  semicarbazinodiacetic 
add  from  the  salt  mixture  formed  in  its  preparation.  The  method  that 
gave  the  best  3rield  was  esterification  with  alcohoUc  hydrochloric  acid. 
As  semicarbazinodiacetic  add  forms  a  very  difScultly  soluble  barium  salt, 
an  attempt  was  made  to  utilize  this  salt  in  the  isolation  of  the  semicar- 
bazinodiacetic add,  but  the  method  was  not  perfected  to  the  point  where 
the  yield  was  equal  to  that  in  the  esterification  process. 

The  esters  of  semicarbazinodiacetic  add  are  readily  oxidized  with  per- 
manganate or  bromine.  The  oxidation  results  in  the  elimination  of  one 
acetic  add  rest,  with  the  formation  of  esters  of  the  semicarbazone  of  gly- 
oxyUc  add,  NH,CONHN  «  CHCOOH.  The  ethyl  ester  of  this  semi- 
carbazone was  first  prepared  by  Simon  and  Chavenne.^  Their  descrip- 
tion of  the  substance  does  not  agree  with  the  properties  of  the  semicarba- 
zone as  determined  by  us.  However,  the  constitution  of  the  oxidation 
product  of  ethyl  semicarbazinodiacetate  was  established  beyond  ques- 
tion by  its  formation,  (a)  on  esterification  of  glyoxylic  add  semicarba- 
zone, and  (b)  on  oxidation  of  ethyl  sefnicarbazinomonoacetate.  Further- 
more, on  reduction  with  sodium  amalgam,  according  to  the  method  of 
Darapsky  and  Prabhaker,*  the  oxidation  product  of  ethyl  semicarbazino- 
diacetate gave  semicarbazinoacetic  add,  NH2CONHNHCH2COOH, 
which  was  isolated  by  esterification.  The  ethyl  ester  obtained  in  this 
way  proved  identical  in  its  properties  with  the  semicarbazinoacetic  ester 
prepared  by  Traube  from  the  hydrochloride  of  ethyl  hydrazinoacetate 
and  potassium  cyanate.' 

With  sodium  alcoholate,  the  esters  of  semicarbazinodiacetic  acid,  analo- 
gous to  esters  of  semicarbazino  adds  in  general,*  condense  to  esters  of  3,5- 
dioxy- 1 ,6-dihy dro- 1 , 2 ,4-triazine- 1  -acetic  acid, 

N— CHjCOOH 

/\ 

CH,  N 

I        II 
HO— C       C— OH 

\/ 

N 
^  Compi.  rend.,  2439  1906  (1906). 
>  Ber.,  45,  2625  (1912). 
<  nrid.,  3I9  164  (1898). 
« Am,  Chem.  J.,  a8»  386  (1902) 
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Boiled  with  the  calculated  amount  of  alkali,  the  esters  of  semicarbazino- 
diacetic  acid  are  readily  saponified  to  semicarbazinodiacetic  acid;  but,  if 
heated  under  pressure  at  150°  with  potassium  hydroxide,  semicarbazino- 
diacetic acid  readily  loses  the  carbonamide  rest  with  the  formation  of 
hydrazinodiacetic  acid, 
NHjCONHNCCHjCOOH),  +  3KOH  = 

NHsNCCHjCOOK),  +  KHCO,  +  H,0. 
The  constitution  of  hydrazinodiacetic  acid  and  semicarbazinodiacetic 
acid  was  established  conclusively  by  the  action  of  sodium  nitrite  on  hydra- 
zinodiacetic acid  and  on  methyl  semicarbazinodiacetate,  in  which  reac- 
tions iminoacetic  acid,  NH(CHiCOOH)i,  and  methyliminodiacetate, 
respectively,  are  readily  formed  and  proved  identical  with  the  same 
preparations  as  described  by  other  investigators.  Ctutius  and  Hussong 
tried  the  action  of  nitrous  add  on  hydrazinodiacetic  acid,  but  did  not 
succeed  in  isolating  iminodiacetic  acid.  The  behavior  of  hydrazine-  and 
semicarbazino^diacetic  acids  towards  nitrous  add  is  analogous  to  that  of 
asymmetric  methylphenylhydrazine,  NHsN(CHs)C6H«,^  and  diethyl- 
semicarbazide,  NHxC0NHN(CiH6)i,*  towards  nitrous  add.  The  follow- 
ing equations  interpret  the  reactions  that  take  place  between  nitrous  add 
and  the  above  hydrazine  derivatives  of  acetic  add: 

NH2N(CH2COOH)2  +  HNO2  =  NHCCHjCOOH),  +  H2O  +  N2O 
NH2CONHN(CH2COOCH,)2  +  HNO2  = 

NH(CH2COOCH,)2  +  N2O  +  CO,  +  NH, 
Curtius  and  Hussong  found  that  hydrazinodiacetic  add  very  readily 
decomposes  on  heating  with  mineral  adds,  in  that  half  of  the  nitrogen 
in  the  molecule  is  eliminated  as  ammonia.  In  addition  to  confirming  this 
observation,  we  were  able  to  isolate  among  the  reaction  products  glyco- 
coU  and  nitrilotriacetic  acid,  N(CH2COOH)3.  The  primary  organic  com- 
plex of  the  hydrolysis  of  the  hydrazine  add  is  assumed  by  Curtius  and 
Hussong  to  be  hydroxylaminodiacetic  acid.  The  formation  of  glycocoU 
from  hydroxylaminodiacetic  acid  may  be  explained  by  assuming  the 
elimination  of  a  molecule  of  water  and  the  subsequent  hydrolysis  of  the 
resulting  products  as  follows: 

HON(CH2COOH)2  =  (CH2C00H)N  =  CHCOOH  +  H,0. 
(CH2C00H)N  =  CHCOOH  +  H2O  =  NH2CH2COOH  +  CHOCOOH.» 
It  may  be  that  a  second  form  of  hydrolysis  proceeds  along  with  the  one 
suggested  above  in  that  a  part  of  the  hydrazinoacetic  add  breaks  down 
into  glycollic  acid  and  hydrazinomonoacetic  add  as  primary  decomposi- 
tion products, 

»  Ann.,  igo,  158  (1878). 

2  Ibid.,  199,  314  (1879). 

«  Cf.  Ber.,  39,  2566  (1906). 
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NH2N{CH2COOH)2  +  H2O  =  NHjNHCHjCOOH  +  CH2OHCOOH. 
The  interaction  of  glycoUic  acid  and  glycocoll  could  then  explain   the 
formation  of  nitrilotriacetic  acid, 

2CH2OHCOOH  +  NH2CH2COOH  =  N(CH2C00H),  +  2H2O. 
The  assumption  that  glycoUic  acid  is  an  intermediary  product  in  the 
action  of  sulfuric  acid  on  hydrazinodiacetic  acid  harmonizes  with  the  be- 
havior of  semicarbazinodiacetic  acid  esters  toward  oxidizing  agents,  which, 
as  shown  above,  results  in  the  elimination  of  an  acetic  acid  rest  without  a 
severance  of  the  two  nitrogen  atoms  in  the  original  hydrazine  complex. 

The  formation  of  nitrilotriacetic  acid  in  the  interaction  of  sulfuric  acid 
and  hydrazinodiacetic  acid  was  quite  unexpected,  because  Heintz  found 
that  nitrilotriacetic  add,  heated  with  concentrated  hydrochloric  acid  for  17 
hrs.  at  190®  to  200®,  was  converted  to  iminodiacetic  acid.* 

However,  a  repetition  of  our  experiment  with  hydrazinodiacetic  acid 
gave  the  same  tmiform  result.  Attention  might  be  called  to  the  fact  that 
this  elimination  of  an  acetic  acid  rest  from  nitrilotriacetic  acid  by  hydrol- 
ysis, as  observed  by  Heintz,  is  also  strictly  analogous  to  the  second  form 
of  hydrolysis  suggested  above  for  hydrazinodiacetic  acid. 

In  confirming  the  constitution  of  the  oxidation  product  of  ethyl  semi- 
carbazinodiacetate,  as  described  above,  the  semicarbazpne  was  reduced 
with  sodium  amalgam,  according  to  the  method  of  Darapsky  and  Prab- 
haker,  and  in  this  way  semicarbazinoacetic  acid  resulted.  These  inves- 
tigators do  not  isolate  in  their  process  the  semicarbazino  acid  as  such,  but 
convert  it  to  the  hydrazino  add  by  the  action  of  concentrated  hydrochloric 
add,  and  isolate  the  hydrazine  in  the  form  of  the  hydrochloride  of  the  ethyl 
ester,  HCI.NH2NHCH2COOC2H6.  We  discovered  that  semicarbazino- 
acetic add  itself  is  readily  esterified  and  likewise  forms  a  hydrochloride 
difKcultly  soluble  in  alcohol,  so  that  an  excellent  method  of  preparing 
semicarbazino  adds  is  suggested. 

As  shown  in  the  experimental  part  of  this  artide,  this  method  may  be  used 
to  prepare  semicarbazinopropionic  add,  NH2CONHNHCH(CH3)COOH. 
from  the  semicarbazone  of  pyruvic  add, 

NHtCONHN  =  CH(CH3)COOH. 
Besides  Darapsky  and  Prabhaker,  Emil  Fischer,^  Elbers,'  and  later  Kesder 
and  Rupe,^  have  effected  the  reduction  of  the  N  =  C  complex  in  hydra- 
'zones  with  sodium  amalgam. 

The  ethyl  estei'  of  semicarbazinoacetic  acid  reacts  with  mustard  oils 
to  form  thiobydantoins.^    With  benzoyl  chloride,  the  ester  gives  a  benzoyl 

>  Ann.,  249,  88  (1869). 
■  Ber.,  i6y  2241  (1883). 
« i4iii».,  337f  354  (1885). 

*  B«r.,  45f  26  (1912). 

*  This  Jottrnal,  a6, 1006  (1904)* 
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derivative,  which,  with  alkali,  loses  a  molecule  of  water  with  the  forma- 
tion of  a  triazol.^  The  semicarbazino  ester  ftirther  condenses  with  sodimn 
alcoholate  to  the  sodium  salt  of  3,5-dioxy-i,6-dihydro-i,2,4-triarine,* 
The  hydrochloride  of  the  ester  yields,  with  sodium  nitrite,  a  beautifully 
crystalhzing  nitroso  derivative. 

The  isolation  of  nitroso-derivatives  of  semicarbazino  acids  extends  the 
analogy  between  the  semicarbazino  acids  and  secondary  amines,  which  show 
a  Uke  behavior  toward  acid  chlorides,  mustard  oils,  isocyanates,  nitrous  add, 
and  diazonium  salts,'  as  has  been  demonstrated  by  investigations  carried 
out  in  this  laboratory.  It  is  the  a-nitrogen  in  the  semicarbazino  adds 
to  which  is  joined  the  reactive  hydrogen,  just  as  in  the  case  of  phenyl 
semicarbazide. 

Experimental  Part. 

Preparation  of  Methyl  and  Ethyl  Esters  of  Semicarbazinodiacetic  Acid. — 
A  semicarbazide  solution  is  prepared  according  to  the  method  of  Bou- 
veault  and  Locquin*  in  the  following  way:  "130  g.  (i  mol)  hydrazine 
sulfate  are  dissolved  in  500  cc.  of  boiling  water,  and  to  the  hot  solution 
69  g.  (0.5  mol)  of  potassium  carbonate  added  in  small  portions.  After 
allowing  the  solution  to  cool,  81  g.  of  potassium  cyanate  (i  mol)  are  added 
in  several  portions  with  the  precaution  of  not  allowing  the  temperature 
to  rise.  After  this  solution  has  stood  12  to  15  hrs.,  the  potassium  sulfate 
is  precipitated  in  great  part  by  the  addition  of  300  cc.  of  absolute  alcohol 
and  filtered  off."  This  solution  is  assumed  to  contain  80%  of  the  theo- 
retical  yield  of  semicarbazide.  A  concentrated  aqueous  solution  of  227 
g.  of  monochloroacetic  add  (3  mols)  is  next  prepared  and  neutralized  with 
165.5  E-  ^f  potassium  carbonate  (1.5  mols).  The  semicarbazide  solution 
is  now  mixed  with  the  potassium  chloroacetate  solution,  and,  after  the  re- 
action has  proceeded  in  a  boiling  water  bath  for  12  hrs.,  the  solution  is 
evaporated  to  dryness  in  vacuo.  For  esterification,  it  is  best  to  crush  the 
flask  and  cut  the  sticky  salt  cake  into  small  bits.  Prepared  in  this  way, 
the  salt  cake,  on  boiling  with  alcohol,  disintegrates  into  a  form  suitable 
for  the  action  of  alcohoUc  HCl,  and  after  this  preUminary  treatment, 
is  allowed  to  stand  with  300  cc.  of  8%  alcoholic  add  for  one  week.  At 
the  end  of  this  time,  to  the  alcoholic  solution  of  the  ester  filtered  from  in- 
organic salts,  there  is  added  a  slight  excess  of  ammonia,  the  alcohol  is  then 
distilled  off  in  vacuo,  the  residue  taken  up  in  water,  and  the  ester  extracted 
with  chloroform.  A  small  amotmt  of  ester  may  be  obtained  by  ie-e»teri^ 
fication  of  the  salt  residue  obtained  from  the  mother  liquor  left  after  ex- 
tracting the  ester  as  above  with  chloroform.  130  g.  of  hydraadne  sulfate 
>  Cf.  Ber.,  33, 1520  (1912). 

*  Loc.  dt. 

*  Tras  Journal,  ag,  881  (1907)- 

*  BM.  soc.  Mm.,  33,  162  (1903). 
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worked  up  in  the  above  way  gave  34.9  g.  of  the  methyl  ester,  and  a  sec- 
ond experiment  to  determine  the  yield  of  ethyl  ester  resulted  in  39.3  g. 
of  the  latter,  substance.  Figured  on  the  basis  of  the  hydrazine  sulfate 
employed,  the  3rield  in  either  case  is  approximately  16%. 

Methyl  Semicarbazinodiacetate,  NHtCONHN(CH,COOCH8),.— This  es- 
ter can  be  purified  by  crystallization  from  alcohol  or  water.  Prom  alco- 
hol it  separates  in  long  needles,  which  melt  tmdecomposed  at  143.5^. 
It  is  readily  soluble  in  chloroform  and  water,  more  difficultly  soluble  in 
benzene,  and  only  slightly  soluble  in  ether. 

Calc.  for  CrHisQiNa:  C.  38.36;  H,  5.93;  N,  19.18.    Found:  C,  38.10;  H,  6.06;  N, 
18.97. 

Ethyl  Sefmcarbazinodiacetate,  NHtCONHN(CHsCOOCsHft)s.— The  ethyl 
ester  is  more  readily  soluble  than  the  methyl  ester  in  all  solvents.  It  is 
best  purified  by  crystallization  from  ether,  from  which  it  separates  slowly 
in  a  fine,  granular,  crystalline  state.  Prom  benzene  it  is  obtained  in  the 
form  of  thin  plates  with  dome  shaped  end  faces,  as  seen  under  the  micro- 
scope, and  melts  to  a  dear  liquid  at  91  °. 

Calc  for  CfHifC^t:  C,  43-73;  H,  6.88;  N,  17.00.  Pound:  C,  43.52,  43-7o;  H,  7.05, 
6.93;  N,  16.79.  17.15. 

Semkarbagiftodiacetohydraeide,  NH,CONHN(CH,CONHNHi)a.— Hy- 
drazine hydrate  (2  mols)  and  methyl  semicarbazinodiacetate  (i  mol) 
mixed  in  concentrated  aqueous  solution  react  readily  at  water  bath  tern- 
pera^ire.  The  hydrazide,  which  separates  out,  can  be  purified  by  pre- 
cipitation from  a  concentrated  solution  in  water  with  alccAol.  It  melts 
at  149^,  decomposing  on  heating  a  few  degrees  higher. 

Gate,  for  CiHisOiN?:  C,  2740;  H,  5.94;  N,  44.75.    Found:  C,  27.33;  H,  6.057 
N.  44.85. 

DibefUBal-semtcarbaeinodiacetohydrazide,  NHaCONHN(CH,CONHN  = 
CHCcHft)fl. — On  agitating  an  aqueous  solution  of  the  hydrazide  with  benz- 
aldehyde,  the  benzal  compotmd  quickly  precipitates  in  quantitative  3rield. 
Purified  by  crystallization  form  alcohol,  it  mdted  at  178°  with  gas  evolu- 
tion. 

Calc.  for  CifHuOsN?:  N,  24.81.  Found:  N«  24.85. 
Action  af  Nitrous  Acid  on  Methyl  Semicarbazinodiacetate, — ^When  equi- 
molecular  amounts  of  methyl  semicarbazinodiacetate,  soditmi  nitrite,  and 
hydrochloric  add  are  brought  together  in  water  as  a  solvent,  the  solution 
immediatdy  assiimps  a  deep  yellow  color  and  simultaneously  a  slow, 
steady  gas  evolution  begins.  The  gas  has  the  characteristic  odor  of 
nitrous  oodde,  and  is  mixed  with  carbon  dioxide.  After  several  hours' 
standing,  the  gas  evolution  stops  and  the  original  yellow  color  of  the 
solution  is  almost  completely  disdiarged.  The  methyliminodiacetate 
formed  can  be  removed  by  extraction  with  ether,  from  which  it  pre- 
dpitates  as  a  hydrochloride,  on  leading  into  the  ether  hydrochloric  add 
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gas.  This  substance  is  described  by  Jongkees.^  He  gives  the  decom- 
position point  as  183**,  which  agrees  with  our  observation,  when  the  sub- 
stance is  rapidly  heated. 

Calc.  for  aHii04N.HCl:  N,  7.09;  HCl,  18.48.     Found:  N,  7.38;  HCl,  18.73. 

EsUrs  of  j,S'Dioxy'i,6'dihydrO'J,2,4-triazine'i'acetic  Acid, 

N— CHjCOOH 

/\ 

H,C        N 

I         II 
HO— C        C— OH 

\/ 

N 

Ethyl  Ester. — When  treated  with  one  mol  of  sodium  ethoxide  in  ethyl 
alcohol  solution,  ethyl  semicarbazinodiacetate  loses  a  molecule  of  alcohol 
passing  to  the  sodium  salt  of  the  ester  of  the  above  triazine  add.  The 
same  substance  is  obtained  when  methyl  semicarbazinodiacetate  is  treated 
with  sodium  ethoxide  in  ethyl  alcohol  solution.  If,  on  the  other  haood, 
the  ethyl  ester  of  the  semicarbazino  add  is  treated  with  sodium  methoxide 
in  methyl  alcohol  solution,  a  salt  of  the  methyl  ester  of  the  triazin  add 
results.  In  the  preparation  of  the  ethyl  ester,  a  solution  of  sodium 
ethoxide,  from  o.  7  g.  metallic  sodium  and  5  cc.  of  ethyl  alcohol,  was  added 
to  5  g.  of  methyl  semicarbazinodiacetate  in  25  cc.  of  ethyl  alcohol.  A 
sodium  salt  of  the  triazine  ester  separated  out,  but  this  was  not  filtered 
off.  After  5  hrs.  35  cc.  N  HCl  was  added,  the  slight  excess. of  HCl  neu- 
tralized with  ammonia,  the  solution  evaporated  to  dryness,  the  residue 
taken  up  with  a  little  water,  and  the  triazine  extracted  with  chloroform. 
This  product  proved  identical  with  the  triazine  prepared  by  substituting 
the  ethyl  ester  of  semicarbazinodiacetic  add  for  the  methyl  ester  in  the 
above  experiment.  The  new  substance  can  be  crystallized  from  water, 
alcohol,  or  acetic  ether,  in  all  of  which  solvents  it  is  readily  soluble.  It 
is  more  difficultly  soluble  in  benzene,  and  very  sparingly  soluble  in  ether. 
Prom  alcohol  it  crystallizes  in  radiating  bunches  of  short  slender  needles, 
which  melt  undecomposed  at  138.5°. 

Calc.  for  C7Hn04Ni:  C,  41.79;  H,  5.47;  N,  20.90.     Pound:  C,  4i.59»  41-55;  H, 
5.45.  5.57;  N.  20.84. 

Methyl  Ester. — ^The  triazine  methyl  ester  was  prepared  similarly  to  the 
ethyl  ester  from  both  methyl  and  ethyl  semicarbazinodiacetate.  Hie 
yidd  of  ester  obtained  here  was  about  70%  of  the  theoretical.  This  ester 
is  niuch  more  difficultly  soluble  in  water  than  is  the  corresponding  ethyl 
ester,  so  that  it  separates  out  in  great  part,  when,  in  its  preparation,  the 
sodium  salt  of  the  triazine  ester  is  neutralized  with  HCL  The  methyl 
ester  is  readily  soluble  in  hot  water,  less  soluble  in  alcohol,  diffi^uldy 

*  Rec.  trav.  chim.,  27,  287  (1908). 
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soluble  in  chloroform  and  acetic  ether,  and  insoluble  in  ether.     Prom  water, 
the  methyl  ester  crystallizes  in  characteristic  short,  thick  prisms  with  dome 
shaped  end  faces,  melting  tmdecomposed  at  183.5°. 
Calc.  for  CtHs04Ns:  C,  3850;  H,  4.81 ;  N,  22.46.     Found:  C,  38.33;  H,  4.93;  N,  22.77. 

Semicarbazinodiacetic  Acid,  NH8CONHN(CHtCOOH)2.— The  esters  of 
semicarbazinodiacetic  add  are  readily  saponified  by  boiling  with  the  cal- 
culated amount  of  potassium  hydroxide  solution.    For  the  isolation  of 
the  semicarbazinodiacetic  acid,  the  pK>tassium  salt,  as  thus  prepared,  is 
treated  with  the  requisite  quantity  of  hydrochloric  acid,  the  solution 
evaporated  to  dryness,  and  the  residue  extracted  with  alcohol.    The  acid 
precipitates  from  the  alcohol  in  a*  fine  granular  condition  on  the  addition 
of  ether.     It  can  also  be  obtained  as  a  bcuium  salt  directly. from  the  re- 
action  product  of  potassium  m<Miochloroacetate  on  semicarbazide  by 
neutralizing  the  reaction  mixture  with  barium  hydroxide,  whereupon  the 
difficultly  soluble  barium  salt  separates  out.    From  this  salt,  the  semi- 
carbazino  add  can  be  obtained  in  the  usual  way  by  removing  the  barium 
as  sulfate.    The  add  may  be  recrystallized  from  either  alcohol  or  w^ter 
in  long  rectangular  plates,  which  on  heating  decompose  with  gas  evolution 
at  161^.     It  has  a  very  acid  taste.    The  barium,  caldum  and  zinc  salts 
are  difficultly  soluble  in  water.    Treated  with  soditun  nitrite,  an  aqueous 
solution  of  the  add  assumes  a  deep  yellow  color,  but  the  nitroso  com- 
pound here  formed  immediatdy  begins  to  decompose  with  gas  evolution. 
The  add  titrates  dibasic. 
Calc.  for  CiHiOiNr.C,  31-41  ;H, 4.71; N,  21.99.    Pound:  C,3i.iS,*H, 4.77; N,  22.25 
Calcium  Semicarbazinodiacetate,  C6H706N8Ca.4.5H20. — ^Por  the  prepara- 
tion of  the  salts  of  semicarbazinodiacetic  acid,  a  solution  of  the  potassium 
salt  was  made,  which  with  soluble  salts  of  caldum,  barium  and  zinc  shows 
a  predpitation.    These  salts  are  all  difficultly  soluble  in  water,  and  were 
not  recrystallized  for  analysis.    The  cajkium  salt  separates  slowly  from 
solution  in  the  form  of  short,  thick  prisms.    For  the  complete  dehydra- 
tion of  the  salt,  we  employed  a  temperature  of  180**. 

Xalc.  for  C6H70sNsCa.4HiO:  Ca,  12.90;  HtO,  26.13.     Pound:  Ca,  12.70.  12.69; 
H,0.  26.54. 

Barium  Semicarbcudnodiacetate,  CsHrOsNsBa.HsO. — ^The  barium  salt, 
prepared  by  adding  barium  chloride  to  a  solution  of  potassium  semi- 
carbazinodiacetate,  shows  no  definite  crystalline  form  under  the  micro- 
scope. Our  analysis  indicates  the  presence  of  a  molecule  of  water^  of 
crystallization,  but  the  salt  showed  no  loss  in  weight  on  heating  as  high 
as  I8o^ 
Calc.  for  C(H70kNiBa.HsO:  Ba,  39.89;  N,  12.21.     Pound:  Ba,  39.52, 3982;  N,  12.35. 

Zinc  SemicarbazinodiaceUUe,  CtHTOiNsZn.HjO. — The  zinc  salt,  made 
by  the  method  employed  for  the  caldum  and  baritun  salts,  was  obtained 
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in  the  form  of  thin  plates  with  dome-shaped  end  faces,  as  seen  wider  the 
microscope.  The  zinc  determination  on  a  sample  of  the  salt  dried  at  100*^ 
indicates  a  molecule  of  water  of  crystallization. 

Calc.  for  CfH,0«N|Zii.H]0:  Zn,  24.01.    Found:  Zn,  24.15. 

Preparation  of  Hydrasnnodiacetic  Acid,  NHjN(CHiCCX)H)2.  from 
Methyl  Semicarbazinodiacetate. — ^As  hydrazinodiaoetic  add  is  decomposed 
by  adds  similar  to  nitrilotriacetic  add»  it  was  attempted  to  sj^t  ofif  the 
urea  rest  from  the  semicarbazino  ester  with  alkali.  In  this  experiment 
the  conditions  followed  were  ta  heat  the  semicarbazino  ester  with  3  mols  of 
3iV  KOH  in  a  sealed  tube  at  150®  for  two  hrs.  At  the  end  of  this  time  the 
ammonia  was  distilled  off  and  3  mols  of  standardized  HCl  added.  On  con- 
centration of  the  solution  to  a  point  just  suffident  to  hold  the  inorganic 
salts  in  solution,  the  hydrazinodiacetic  add  crystallized  out  in  a  yidd  of 
sibout  75%  to  80%  of  the  theoretical.  In  one  experiment  the  yidd  of 
hydrazinodiacetic  add  obtained  was  77%  of  the  theoretical,  and  a  titra- 
tion of  the  ammonia  liberated  in  the  reaction  indicated  a  decomposition 
oi  75  •  76%.  There  is  necessarily  a  slight  loss  of  ammonia  in  the  transfer 
from  the  pressure  tube  to  the  distilling  flask,  and  a  further  sli^t  dis- 
crepancy in  the  results  may  be  accounted  for  by  a  small  amount  of  potas- 
sium chloride  in  the  hydrazine  add  as  wdghed.  On  evaporation  of  the 
filtrate  from  the  hydrazine  add  and  esterification  of  the  residue  with  8% 
ethyl  alcohoUc  HCl  in  the  cold,  about  15%  of  the  original  semicarbazino 
ester  may  be  regained. 

H3rdrazinod]acetic  add  can  also  be  prepared  by  the  action  of  KOH  at 
150^  on  the  barium  salt  of  semicarbazinodiacetic  add,  as  obtained  above 
directly  from  the  reaction  product  of  potassium  chloroacetate  on  semi- 
carbazide,  but  the  yield  obtained  by  this  method  was  not  satisfactory. 

Preparation  of  Hydrasdnodiacetic  Acid  from  Potassium  Chloroacetate  and 
Hydrazine  Hydrate.^ — ^The  following  modification  of  the  method  of  Curtius 
and  Hussong  is  to  be  recommended  in  the  preparation  of  hydrazinodi- 
acetic add.  Neutralize  80  g.  of  mcmochloroacetic  add  ^2  mols)  in  200  cc. 
of  water  by  adding  in  small  portions  58  g.  of  potasdum  carbonate  (i  mol) 
and  then  pour  into  this  solution  of  potassium  chloroacetate  21  g.  of  hydra- 
zine hydrate  (i  mol).  A  second  58  g.  of  potassium  carbonate  are  now  added 
gradually,  whereupon,  with  a  steady  evolution  of  COt»  the  temperature 
rises  to  about  70^.  The  sdution  is  now  heated  as  long  as  gas  evolution 
continues.  At  the  end  of  the  reaction,  the  hydrazinodiacetic  add  is  predpi* 
tated  by  making  the  solution  add  to  Congo  paper  with  hydrochloric  add.* 

»  /.  prakt.  Chem.,  [2]  83,  271  (1861). 

*The  foUowing  conditioiis  were  established  as  suitable  for  the  preparation 
of  hydrazinomonoaoetic  add  from  potassium  diloroacetate  and  hydrazine  hydrate: 
Into  43  g.  of  50%  hydraziiie  hydrate  (Kahlbaum),  allow  to  drop  rapidly  with  constant 
stirring,  a  sohition  of  potassium  chloroaoetate,  prepared  from  21  g.  of  potassium  car* 
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The  hydrazine  add  thus  obtained  is  freed  from  any  admixed  potassium 
chloride  by  reoystallization  from  water.  The  hydrazinodiacetic  add, 
obtained  by  the  action  of  potassium  hydroxide  on  the  methyl  ester  of 
semicarbazinodiacetic  add,  proved  identical  with  the  above  preparation 
from  hydrazine  hydrate.  Curtius  and  Hussong  state  that  the  hydrazine 
add,  on  heating,  melts  with  violent  gas  evolution  at  166^-167  ^  Our 
observation  is  that  the  substance  begins  to  take  on  a  yellow  color 
at  165^  and  decomposes  suddenly  and  completely  at  176^.  Despite  the 
fact  that  the  substance  contains  two  carboxyls  it  has  not  an  add  taste. 
Its  solubility  in  water  is  1:108  at  22^  and  1:46  at  IOO^  The  following 
analysis  was  made  on  a  sample  obtained  from  the  ester  of  semicarbazino- 
diacetic add. 

Calc.  for  C4H1O4N1:  C,  32.43;  H,  5.41;  N,  18.92.    Found:  C,  32.26;  H,  5.53;  N, 
18.86. 

Barium  Hydrazinodiacetate,  C4H604N9Ba.HtO. — ^The  barium  salt  of 
hydrazinodiacetic  add  was  made  by  adding  the  calculated  amount  of 
barium  chloride  to  a  solution  of  the  acid,  neutralized  with  potassium 
hydroxide.  The  barium  salt  separates  out  slowly  in  a  finely  divided 
state,  showing  no  definite  crystalline  form.  Heated  to  150^,  it  loses  one 
molecule  of  water. 

Calc.  for  C4H»04NtBa.HtO:  Ba,  45.58;  HA  5-98*    Found:  Ba,  44.74;  HtO,  6.53. 

Zinc  Hydrazinodiacetaie,  C4H604NfZn. — ^The  zinc  salt  was  prepared 
similarly  to  the  barium  salt  and  resembles  it  very  dosdy  in  its  physical 
properties.  Ndther  the  barium  nor  zinc  salt  could  be  purified  by  recrys- 
tallization. 

Calc.  for  C4Ht04NsZn:  Zn,  31.03.    Pound:  Zn,  30.81. 

Esters  of  Hydrakinodiaceiic  Acid. — Curtius  and  Hussong  prepared  the 
ethyl  ester  of  hydrazinodiacetic  add  from  the  silver  salt  of  the  add  and 

bonate  and  29  g.  of  monodiloroecetic  add  (i  mol.).  At  the  same  time  add,  in  smaU 
quantities,  a  second  batch  of  21  g.  of  potasstum  carbonate  to  the  hydrazine  solution, 
timing  the  process  so  as  to  bring  it  to  a  close  with  the  addition  of  the  potassium  chloro- 
acetate.  To  insure  completion  of  the  reaction,  next  heat  the  solution  to  boiling  one- 
half  hour.  In  this  reaction  there  is  formed  both  the  hydrazinomono-  and  di-acetic  add. 
The  latter  separates  on  making  the  solution  add  with  hydrochloric  add.  For  the 
isolation  of  the  hydrazinomonoacetic  add,  the  solution,  filtered  from  the  hydrazinodi- 
acetic add,  is  evaporated  to  dryness,  150  cc.  of  alcohol  poured  on  the  salt  cake,  and  finally 
hydrochloric  add  gas  led  in  to  saturation.  The  esterification  is  then  allowed  to  proceed 
in  the  cold  twelve  hours,  when  the  solution  is  heated  to  boiling  and  filtered  hot  from  the 
salt  residue.  On  cooling,  the  hydrochloride  of  the  hydrazino  ester  crystallizes  out. 
The  yields,  in  the  one  experiment  tried,  were  16  g.  of  hydrazinodiacetic  add  and  7.3  g. 
of  the  hydrochloride  of  hydrasdnomonoacetic  add  ethyl  ester.  Darapsky  and  Prabhaker^ 
obtained  from  20  g.  of  hydrazine  hydrate  (equal  to  40  g.  of  50%  hydrate  used  above) 
6.4  g.  of  the  hydrochloride  of  the  ester  of  hydrazinoaottic  add,  using  a  method  similar 
to  that  of  Curtius  and  Hussong  for  preparing  hydrazinodiacetic  add. — ^J.  R.  BAn«9Y 
and  L.  A.  Mkbsiia,  Ber.,  45, 1660  (1913). 
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ethyl  iodide,  and  found  it  to  be  a  **83rrup,'*  which  they  were  unable  to 
crystallize.  The  same  substance  was  obtained  by  esterification  with  alco- 
holic HCl.  We  repeated  their  last  experiment  and  obtained  the  hydro- 
chloride of  the  ethyl  ester  as  a  viscous  oil,  readily  soluble  in  alcohol,  but 
which  we  were  unable  to  crystallize.  On  dissolving  in  a  concentrated 
aqueous  solution  of  this  salt  an  equimolecular  amount  of  potassium 
cyanate,  ethyl  semicarbazinodiacetate  crystallized  out  after  stirring  a  few 
minutes,  and  proved  identical  with  the  esterification  product  of  the  acid 
already  described,  obtained  by  the  interaction  of  potassium  chloroacetate 
and  semicarbazide.  A  nitrogen  determination  was  made  on  the  semi- 
carbazino  ester  made  by  this  second  process. 

Calc.  for  CtHiyOtNi:  N,  17.00.     Found;  N.  17.30. 

Hydrazinodiacetic  acid  is  insoluble  in  both  ethyl  and  methyl  alcohol, 
but  quickly  dissolves  in  either  with  rapid  esterification  on  leading  hydro- 
chloric acid  gas  into  a  suspension  of  the  acid  in  alcohol.  We  found  that 
the  methyl  ester  gives  a  beautifully  crystallizing  hydrochloride.  For 
analysis  it  was  crystallized  from  methyl  alcohol  in  slender  microscopic 
needles,  which  melted  with  gas  evolution  at  174.5*. 

Calc.  for  C«H«04N,.HC1:  N,  13.13;  HCl,  17.18.    Found:  N,  13.33;  HCl,  17.10. 

This  salt  was  likewise  converted  to  the  semicarbazino  ester  by  the  action 
of  potassium  cyanate,  and  the  substance  thus  obtained  proved  identical 
with  the  esterification  product  of  CHsOH-HCl  on  semicarbazinodiacetic 
acid.     As  a  ftuther  confirmation,  a  nitrogen  determination  was  made. 
Calc.  for  CtHisOiNs:  N,  91.18.     Pound:  N.  19.41. 

Phenylthioureidaminodiacetic  Acid  Methyl  Ester,  C«H»NHCSNHN- 
(CHiCOOCH8)2. — ^The  above  substance  was  prepared  by  dissolving  the 
hydrochloride  of  hydrazinodiacetic  acid  methyl  ester  and  sodium  bicarbon- 
ate in  equimolecular  amotmts  in  a  little  water,  adding  one  mol  of  phenyl 
mustard  oil  dissolved  in  alcohol,  and  hfating  this  mixture  one  hour  to 
boiling.  The  alcohol  was  then  distilled  off  and  the  mustard  oil  compound 
crystallized  from  alcohol,  from  whidi  it  separated  in  long  needles,  melting 
undecomposed  at  120*^.  This  compound  is  readily  soluble  in  the  common 
solvents  with  the  exception  of  ether,  petrolic  ether,  and  water. 
Calc  for  CtiHiiOiNtS:  N.  13.55.    Found:  N,  1356. 

Action  of  Formaldehyde  on  Hydrazinodiacetic  Acid, — ^All  attempts  of 
Curtius  and  Hussong  to  condense  hydrazinodiacetic  add  with  aldehydes 
were  without  result.  We  repeated  some  of  their  experiments  in  this  di- 
rection and  were  likewise  unable  to  bring  about  a  reaction.  However, 
formaldehyde  reacts  in  a  peculiar  way  with  this  hydrazine.  If  hydrazino- 
diacetic acid  be  covered  with  ordinary  formalin,  the  hydrazine  after  a 
short  time  dissolves,  forming  a  yellow  solution,  which  becomes  red  on 
standing.     If  the  hydrazine  be  warmed  with  the  formaldehyde  solution. 
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it  immediately  disserves  with  a  violent  evolution  of  carbon  dioxide,  and 
the  reaction  product  can  be  precipitated  by  the  addition  of  alcohol  as  a 
crystalline,  slightly  yellow  substance,  which  was  not  fiuther  investigated. 

Conversion  of  Hydrazinodiacetic  Acid  to  Iminodiacetic  Acid  by  the  Action 
of  Sodium  Nitrite. — ^To  2  g.  of  the  hydrazine  acid  covered  with  15  cc.  of 
water  were  added  i  g.  of  sodium  nitrite  and  5  cc.  of  water.  The  hydrazine 
dissolved  after  a  few  minutes  stirring,  with  an  evolution  of  a  colorless  gas, 
probably  NjO.  At  the  end  of  the  reaction,  the  calculated  amount  of 
standard  hydrochloric  add  was  added  to  liberate  the  iminodiacetic  add, 
and  the  solution  was  then  concentrated  to  a  small  volume.  After  stand- 
ing over  night,  1.2  g.  of  the  characteristic  crystals  of  iminodiacetic  add 
separated  out.  This  product  proved  identical  with  a  sample  made  accord- 
ing to  the  method  of  Heintz.^  Eschweiler  found  that  this  substance 
melts  with  decomposition  at  about  225®,*  while  Johnson  gives  the  de- 
composition point  at  235-236 **.•  Our  determination  agreed  with  that  of 
Johnson. 

Calc.  for C^HtOiN:  C,  36.09;  H,  5.26;  N,  10.53.     Found:  C,  36.06;  H,  5.36;  N,  ro.66. 

Action  of  Sulfuric  Acid  on  Hydrazinodiacetic  Acid. — In  one  experiment 
0.5  g.  of  hydrazinodiacetic  acid  was  heated  in  a  sealed  tube  with  10  cc. 
of  2.85  N  H2SO4  2  hrs.  at  150**.  The  solution  was  then  made  alkaline 
with  a  slight  excess  of  barium  hydroxide  and  the  Uberated  ammonia 
estimated.  Calculated  for  i  mol  of  ammonia,  3.38  cc.  N  add;  used, 
3.65  cc.  This  result  agrees  with  a  similar  determination  made  by  Curtius 
and  Hussong  in  their  study  of  the  action  of  adds  on  hydrazinodiacetic 
add.  After  exact  removal  of  the  barium  as  sulfate,  the  solution  from  the 
ammonia  distillation  was  evaporated  to  dryness  and  the  residue  purified 
to  some  extent  by  dissolving  in  water  and  predpitating  with  alcohol. 
A  substance  was  thus  obtained  which,  on  heating,  began  to  show  signs  of 
decomposition  at  about  200^,  contracted  on  further  heating,  and  decom- 
posed completely  between  225®  and  230®  (uncor.).  This  observation 
agrees  quite  well  with  the  behavior  of  glycocoU  on  heating.  In  order  to 
confirm  fully  the  formation  of  glycocoll  in  the  above  decomposition  of 
hydrazinodiacetic  acid,  the  experiment  was  repeated  though  with  slight 
modification.  In  this  second  experiment  5  g.  of  hydrazinodiacetic  acid 
and  20  cc.  of  7.7  normal  sulfuric  add  were  heated  two  hours  at  150®. 
There  was  considerable  pressure  on  opening  the  tube,  and  after  standing 
three  days,  0.5  g.  of  a  crystalline  substance  had  separated  out.  This 
proved  to  be  Heintz's  " Triglycolamidsaure, "  NCCHjCOOH),.*  It  was 
compared  with  a  sample  of  nitrilotriacetic  add,   made    according   to 

^  Ann.,  xaa,  257  (1862). 

»/wa.,  378,231(1894). 

*  Am.  Chem.  /.,  35,  65  (1907). 

« Ann.,  laa,  269  (1862). 
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the  method  of  Heintz,  and  in  addition  a  nitrogen  determination  was  made. 
According  to  oin:  observation,  nitrilotriacetic  add  decomposes  at  246° 
to  a  reddish  brown  liquid.  Polstorff  and  Meyer ^  give  239^  as  the  decom- 
position point  (probably  uncor.). 

Calc.  for  CJItOcN:  N,  7.33.  Found:  N,  7.69. 
The  add  filtrate  from  the  nitrilotriacetic  add  was  heated  with  an  excess 
of  barium  carbonate,  and  after  removal  of  the  barium  salts  the  dissolved 
barium  was  predpitated  as  sulfate.  The  residue  obtained  by  evapcH-ating 
the  filtered  solution  was  taken  up  with  water,  and  after  neutralization 
with  the  calculated  amount  of  potassium  hydroxide,  shaken  with  a  slight 
excess  of  phenyUsocyanate,  according  to  the  method  of  Paal.^  A  small 
amount  of  diphenyl  mrea  was  filtered  off,  and  the  solution  made  add 
with  hydrochloric  add.  1.5  g.  of  phenylmrddoacetic  add  crystallized 
out.  Thi^  was  compared  with  a  preparation  made  according  to  the  method 
of  Paal.  On  heating  with  concentrated  hydrochloric  add,  this  hydan- 
toic  add  showed  the  behavior  of  phenylhydantoic  add,  as  recorded  by 
Mouneyrat,*  in  that  it  was  converted  to  2-phenylhydantoin,  mdting 
at  159  to  160**.  A  nitrogen  determination,  made  on  the  phenylureido- 
acetic  add,  gave  the  following  result: 

Calc.  for  CtHifOiNs:  N,  14.43.    Found:  N,  14.75. 

Oxidation  of  the  Esters  of  Semicarbazinodiacetic  Acid.  Ethyl  Ester  of 
Glyoxylic  Add  Semicarbazone,  NHaCONHN  =  CHCOOCjHb.— When  to 
a  concentrated  aqueous  solution  of  the  ethyl  ester  of  semicarbazinodiacetic 
acid,  made  add  with  sulfuric  add,  a  concentrated  solution  of  potassium 
permanganate  is  added,  oxidation  proceeds  for  some  time  without  gas 
evolution,  and  after  a  while  a  difficultly  soluble  substance  separates, 
which  proved  to  be  the  semicarbazone  of  glyoxyUc  add  ethyl  ester.  The 
yidd  is  poor  and  we  did  not  attempt  to  isolate  any  other  products  of  the 
reaction.  It  is  possible  that  ethyl  glycolate  is  formed  as  an  intermediary 
product,  but  according  to  Schreiner^  this  ester  would  immediately  be 
saponified  by  water  into  the  corresponding  add.  Although  the  "oxi- 
dation  proceeds  for  some  time  without  gas  evolution,  the  primary  oxidation 
products  later  decompose  on  further  addition  of  permanganate  with  gas 
evolution.  The  ethyl  ester  of  glyoxyUc  add  semicarbazone  was  also  pre- 
prepared  by  oxidizing  with  permanganate  Traube's  ethyl  semicarbazino- 
acetate,*  the  reaction  proceeding  here  similarly  to  the  oxidation  of  ethyl 
semicarbazinopropipnate.*    The  structure  of  the  ester  of  glyoxylic  add 

»  Ber.,  45,  1910  (1912). 

» /Wrf..  27,  975  (1894)-    ^ 
« Ibid,,  33,  2394  (1900). 

*  Ann.,  X97,  7  (1879). 
»  Ber,,  3X>  166  (1898). 

•  Ann.,  303,  83  (1898). 
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semicarbazone  was  further  confirmed  by  esterifying  with  alcoholic  hydro- 
chloric add  glyoxyUc  acid  semicarbazone,  which  had  been  prepared 
from  chloral  hydrate  and  semicarbazide.  A  substance  of  the  formula 
NHjCONHN  =  CHCOOC1H5  is  described  by  Simon  and  Chavanne,^ 
but  the  properties  of  their  semicarbazone  do  not  agree  with  those,  as  de* 
termined  by  us,  for  the  oxidation  product  of  ethyl  semicarbazinodiace- 
tate.  They  describe  their  product  as  follows:  "It  melts  with  decom- 
position at  228^,  is  apparently  insoluble  in  almost  all  solvents,  but  is 
readily  soluble  in  boiling  water  with  partial  saponification."  We  find 
that  the  substance,  when  slowly  heated,  melts  with  gas  evolution  to  a 
brown  liquid  at  211  ^,  but  on  rapid  heating,  the  decomposition  takes  place 
at  about  218^.  Our  preparation  was  purified  by  crystallization  from 
water  and  alcohol.  In  recrystallizing  from  water,  it  did  not  show  any  ten- 
dency to  saponify.  The  substance  crystallized  from  alcohol  has  the  form 
of  long,  slender  prisms,  the  faces  of  which  have  the  appearance  of  being 
etched. 

Calc.  for  COIflOiNt:  C,  3771;  H,  5.63;  N,  26.42.    Found:  C.  37-57;  H.  5.63;  N. 
26.6a 

The  above  ester  was  prepared  as  follows  from  glyoxylic  acid  semicarba- 
zone, obtained  by  the  action  of  chloral  hydrate  on  semicarbazide:'  3  g. 
of  the  semicarbazone  add  were  suspended  in  150  cc.  of  8%  alcoholic 
hydrochloric  add  and  the  solution  heated  to  boiling  45  min.  The  alco- 
hol was  then  distilled  off,  the  residue  taken  up  with  a  little  water  and 
made  slightly  alkaline  with  ammonia.  The  semicarbazone  ester  pre- 
pared in  this  way  has  a  slight  yellow  color,  which  is  completdy  removed 
by  recrystallization  from  water  with  the  addition  of  animal  charcoal. 

Oxidation  of  Methyl  Semicarbazinodiacetate  with  Bromine, — Only  a 
very  small  yield  of  the  semicarbazone  methyl  ester  was  obtained  by 
oxidizing  the  semicarbazino  methyl  ester  with  potassium  permanganate. 
The  esterification  was  therefore  carried  out  with  bromine  under  the  follow- 
ing conditions:  5  g.  of  the  semicarbazino  methyl  ester  were  dissolved  in 
40  cc.  of  water  and  i .  5  cc.  of  bromine  (i .  2  cc.  corresponds  to  one  mol)  aspi- 
rated into  this  solution.  The  bromine  was  instantaneously  reduced  and 
0-75  g-  of  the  oxidation  product  separated  out,  corresponding  to  22.7% 
of  the  theoretical  yield  of  semicarbazone.  This  semicarbazone  is  readily 
soluble  in  hot  water,  and  more  difficultly  soluble  in  alcohol.  It  crys- 
tallizes from  water  in  a  fine,  granular  condition.  If  it  is  heated  and  the 
bath  kept  at  206^  for  a  few  minutes  it  melts  completely  at  this  tempera- 
ture with  decomposition. 

Calc.  for  CiHTOtNi:  C,  33.10;  H,  4.83;  N,  28.97.    Found:  C,  3327;  H,  4.97;  N, 
29.31. 

*  Compi.  rend.,  143,  904  (1906). 

*  Ber.,  45»  2624  (1912). 
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Preparation  of  Ethyl  Semicarbazinoacetate,  NHjCONHNHCHiCOOCIt, 
from  Semicarbazide  and  Monochloroacetic  Acid, — In  the  action  of  potassium 
chloroacetate  on  semicarbazide,  there  is  always  formed  both  semicarba- 
zinomono-  and  di-acetic  add.  In  the  preparation  of  the  former  sub- 
stance, it  is  best  to  use  only  one-third  of  the  potassium  chloroacetate 
recommended  above  in  the  preparation  of  the  diacetic  derivative.  Es- 
terification  of  the  semicarbazinoacetic  acid  is  best  effected  with  boiling 
3%  alcohoUc  HCl,  from  which  the  HCl  salt  of  the  ester  crystallizes  on 
cooUng.  The  yield  of  semicarbazinoacetic  acid  ethyl  ester,  obtained  by 
this  method,  was  only  3  g.  from  40  g.  of  semicarbazide.  Purified  by  re- 
crystallization  from  alcohol,  the  ester  melted  at  122°,  as  reported  by 
Traube,^  and  proved  identical  with  the  ester  obtained  below  by  reducing 
glyoxyUc  acid  semicarbazone  and  esterifying  the  reduction  product. 

Calc.  for  C»HiiO|N.:  C,  3727;  H,  6.83;  N.  26.08.    Found:  C,  3732;  H,  6.96;  N, 
26.33. 

Preparation  of  Ethyl  Semicarbazinoacetaie  by  Esterification  of  the  Re- 
duction Product  of  Glyoxylic  Acid  Semicarbazone, — 11. 8  g.  of  glyoxylic 
acid  semicarbazone  were  reduced  with  sodium  amalgam,  according  to 
the  directions  of  Darapsky  and  Prabhaker,*  after  neutralization  of  the 
reduction  liquid  with  hydrochloric  acid,  the  solution  was  evaporated  to 
dryness,  and  the  residue  esterified  by  boiling  with  250  cc.  of  3%  alcohoUc 
hydrochloric  add  for  one  hour.  The  alcohol  solution  was  filtered  hot 
from  the  insoluble  inorganic  salts.  On  cooling,  9 . 2  g.  of  the  hydrochloride 
of  the  ethyl  ester  of  semicarbazinoacetic  acid  crystallized  out.  .The  fil- 
trate from  the  hydrochloride  of  the  ester  was  put  back  on  the  salt  mass 
and  boiled  another  hour.  The  alcohol  was  then  filtered  off,  the  HCl 
neutralized  with  ammonia,  the  boiling  solution  filtered  from  the  ammonium 
chloride,  and  the  filtrate  evaporated  to  dryness.  The  residue,  on  extrac- 
tion with  alcohol,  yielded  4  g.  of  crude  semicarbazino  ester,  which  gave 
2 . 1  g.  pure  substance  on  recrystallization.  The  total  yield  was  about 
66%  of  the  theoretical.  Darapsky  and  Prabhaker  obtained  a  yield  of 
50.4%  of  the  theoretical  in  working  up  the  reduction  product  of  glyoxylic 
add  semicarbazone  to  the  HCl  salt  of  the  ethyl  ester  of  hydrazinoacetic 
acid,  HCI.NH2NHCH2COOC3H6.  For  analysis  the  hydrochloride  of 
semicarbazinoacetic  add  ethyl  ester  was  recrystallized  from  alcohol.  It 
decomposes  at  170°  with  gas  evolution. 

Calc.  for  CfiHuCNj.HCl:  N,  21.27;  HCl,  18.50.    Found:  N.  21.42;  HCl,  18.53. 

Semicarbazinoacetic  Acid,  NHjCONHNHCHjCOOH.— The  ester  of 
semicarbazinoacetic  acid  is  readily  saponified  by  digestion  for  one-half 
hour  in  aqueous  solution  with  one-half  mol  of  barium  hydroxide.  On 
allowing  the  reaction  mixture  to  cool,  the  difficultly  soluble  barium  salt 
crystallizes  out,  from  which  the  acid  can  be  liberated  by  exactly  removing 
*  Loc.  cU. 
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the  barium  as  sulfate  and  concentrating  the  solution  to  the  point  of  crys- 
tallization. It  is  readily  soluble  in  water  and  difficultly  soluble  in  alco- 
hol.    The  acid  melts  at  143°. 

Calc.  for  CiHyOiNi:  N,  31. 58.     Found:  N,  31. 86. 

Benzoyl  Derivative  of  Ethyl  Semicarbazinoacetate,  NHiCONHNCCOCeHs)- 
CHfCOOQHs. — Ethyl  semicarbazinoacetate  (i  mol)  was  heated  in  acetic 
ether  solution  for  one  hour  with  benzoyl  chloride  (i  mol),  and  to  neu- 
tralize the  hydrochloric  acid  liberated  in  the  reaction,  sodium  bicarbonate 
(i  mol)  was  suspended  in  the  acetic  ether.  The  benzoyl  derivative  was 
isolated  from  the  solution  by  concentrating  this  to  a  small  volume  and 
adding  ether.  It  is  readily  soluble  in  water,  alcohol  and  acetic  ether,  and 
difficultly  soluble  in  ether  and  benzene.  It  crystallizes  from  water  in 
rectangular  plates,  which  melt  undecomposed  at  172°. 

Calc.  for  C12HWO4N,:  C,  5434;  H,  5.66;  N,  15.85.     Found:  C,  5402;  H,  5.82; 
N,  15-9X. 

Conversion  of  the  Benzoyl  Derivative  of  Ethyl  Semicarbazinoacetate  to 

N— CH2COOH 

/\ 

j-Oxys-phenyltriazol- 1 -acetic  Acid,  N       C— C«Hs     . — ^The  above  de- 

HO— C N 

scribed  benzoyl  derivative  was  converted  into  a  triazol  by  heating 
with  10%  potassium  hydroxide  solution  for  one-half  hour,  and  the  triazol 
was  then  precipitated  by  acidifying  with  hydrochloric  acid.*  It  is  moder- 
ately soluble  in  both  alcohol  and  water,  and  can  best  be  purified  by  crys- 
tallization from  glacial  acetic  acid.  On  slowly  heating  it  decomposes 
to  a  red  liquid  at  256®,  beginning  to  melt  at  253**. 

Calc.  for  CioH»0|Nt:  C,  54-79;  H,  4.11;  N.  19.18.     Found:  C,  54-44;  H,  4.37; 
N,  18.94. 

Ethyl  j-Oxy'S-phenyltriazol-i-acetate, — ^The  triazol  add  was  esterified 
in  the  usual  way  by  boiling  with  6%  alcohoUc  HCl  for  3  hrs.,  the  HCl 
was  then  neutralized  with  anunonia,  the  alcohol  solution,  filtered  from 
the  ammonium  chloride,  evaporated,  and  the  residue  taken  up  with  water. 
On  neutralizing  the  solution  with  ammonia,  the  ester  separated  out  and 
was  purified  by  crystallization  from  dilute  alcohol.  It  melts  undecom- 
posed at  145®. 

Calc.  for  CijHijOiNi:  N,  17.00.    Found:  17.30. 

Action  of  Phenyl  Mustard  Oil  on  Ethyl  Semicarbazinoacetate.     i-Ureido- 
NHjCONHN CH, 

I  I 

3'phenyl-2'thiohydantoin,  SC        CO     . — ^Phenyl  mustard  oil  and 

N— CiH, 
*  Cf.  Ber.,  39,  1946  (1899);  33>  1520  (1900);  45f  30  (19")- 
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ethyl  semicarbazinoacetate,  in  molecular  proportions,  were  heated 
to  boiling  for  one-half  hour  in  glacial  acetic  acid  solution.  On  cooling, 
the  hydantoin  crystallized  out  and  was  purified  by  recrystallizing  from 
acetic  add  and  water.  It  is  readily  soluble  in  hot  glacial  acetic  add, 
and  mc»'e  difficultly  soluble  in  alcohol  and  water.  From  the  latter  sol- 
vent it  separates  in  thin  plates  with  a  pearly  luster,  which,  on  slow  heat- 
ing, mdt  with  decomposition  to  a  red  liquid  at  211^. 

Calc.  for  C10H10O1N4S:  C,  48.00;  H,  4.00;  N,  22.40;  S,  12.80.    Found:  C,  4753; 
H,  4.18;  N,  22.61;  S,  12.84. 

Nitroso  Derivative  of  Ethyl  Semicarbazinoacetate,  NHjCONHN(NO)- 
CHjCOOCjH*. — ^The  hydrochloride  of  ethyl  semicarbazinoacetate  and 
soditun  nitrite  in  aqueous  solution  readily  react  to  form  a  stable  nitroso 
compound.  This  separates  out,  when  the  solution  is  concentrated,  or  can 
be  extracted  with  ether  or  diloroform.  The  nitroso  compound  is  soluble 
in  the  common  solvents  with  the  exception  of  petrolic  ether,  and  can  be 
purified  by  recrystallizing  from  benzene.  It  is  of  a  light  yellow  color 
and  gives  the  Liebermann  reaction.  Heated  with  10%  KOH,  the 
nitroso  compotmd  decomposes  with  gas  evolution.  The  substance  be- 
gins to  mdt  at  99^  and  decomposes  completdy  at  102^. 

Calc.  for  CiHioOiN^:  C.  3158;  H,  5.26;  N,  29.47.    Found:  C,  31.67;  3,  5.25; 
N,  29.79. 

NH 

/\ 

H,C       N 

S.S'Dioxy'ifi-dihydfO'i.zA'triazine,  I        II         .    Sodium  SaU. — 

HO— C      C— OH 

\/ 

N 

When  one  mol  of  sodium  ethoxide  in  alcohol  i^  added  to  an  alco- 
holic solution  of  ethyl  semicarbazinoacetate,  there  results  an  immediate 
predpitation  of  the  above  triazine  salt.  For  analysis  the  salt  was  boiled 
with  absolute  alcohol  and  washed  with  ether. 

Calc  for  CtHiOiNiNa:  N»  30.65;  Na,  16.79.    Found:  N,  30.44;  Na,  17.05. 

The  free  triazine  may  be  prepared  as  follows,  without  isolating  the 
sodium  salt:  After  mixing  the  semicarbazino  ester  and  sodium  alcoholate 
in  equimolecular  amounts  in  alcohol,  the  calculated  amount  of  standard 
HCl  is  added,  the  solution  heated  to  boiling,  and  filtered.  In  this  process 
only  a  small  amount  of  the  triazine  passes  into  the  alcohol.  The  triazine 
is  next  separated  from  admixed  sodium  chloride  by  carefully  leaching 
out  the  salt  with,  the  least  possible  quantity  of  cold  water.  It  can  be 
purified  best  by  recrystallization  from  water,  in  which  it  is  readily  solu- 
ble, and  from  which  it  crystallizes  in  prismatic  plates  of  a  pearly  luster, 
mdting  undecomposed  at  221^.    It  is  very  difficultly  soluble  in  alcohol, 
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and  insoluble  in  the  other  common  organic  solvents.    A  solution  of  the 
triazine  decolorizes  bromine  water  instantaneously. 

Calc.  for  CaHiOiNs:  N,  36.52.    Pound:  N,  36.49- 

Preparation  of  Ethyl  Semicarbaziftopropionate,  NHjCONHNHCH- 
(CH,)COOC2H6  from  Pyruvic  Acid  Semicarbazone,  NHtCONHN  = 
CH(CHj)COOH. — ^The  pyruvic  acid  semicarbazone*  used  in  this  experi- 
ment was  made  in  a  jdeld  of  about  92%  by  allowing  semicarbazide  and 
potassium  pyruvate  to  react  in  aqueous  solution.  The  reaction  pro- 
ceeds with  a  considerable  generation  of  heat,  and  at  its  close  the  semi- 
carbazone  can  be  precipitated  by  adding  the  calculated  amount  of  hydro- 
chloric acid.  The  reduction  was  carried  out  just  as  in  the  case  of  gly- 
oxylic  add  semicarbazone,  according  to  the  method  of  Darapsky  and 
Prabhaker,  and  the  esterification  process  used  there  was  found  available 
in  this  preparation.  The  ethyl  semicarbazihopropionate  does  not  sepa- 
rate out  as  the  hydrochloride)  but  is  readily  extracted  from  neutral  solu- 
tion with  chloroform.  Only  one  trial  was  made  in  the  working  out  of 
the  above  process  for  the  preparation  of  ethyl  semicarbazinopropionate, 
and  this  resulted  in  a  yield  of  46%  of  the  theoretical.  In  another  experi- 
ment, the  ethyl  ester  of  pyruvic  add  semicarbazone  was  reduced  in  boiling 
80%  alcohol  with  5%  sodium  amalgam,  according  to  the  method  of  Kess- 
ler  and  Rupe,'  and  the  reduction  product  isolated  in  the  form  of  the  ethyl 
ester  as  above.  This  experiment  gave  a  yield  of  64%  of  the  theoretical. 
However,  a  further  study  of  these  reduction  processes  would  be  necessary 
in  dedding  the  best  method  of  making  this  semicarbazino  ester.  There 
is  no  doubt  that  semicarbazinopropionic  add  esters  can  be  more  con- 
veniently prepared  from  pyruvic  add  semicarbazone  than  by  the  original 
method  of  lliide  and  Bailey.  The  semicarbazinopropionic  add  ethyl 
ester  made  as  above  was  compared  with  a  preparation  made  by  the  method 
of  Thiele  and  Bailey,  and  the  two  samples  were  in  every  way  identical. 
Further,  the  reaction  products  with  benzyl  diloride,  phenyl  mustard  oil, 
and  sodium  alcoholate  referred  to  in  other  parts  of  this  artide  were  made 
and  found  to  agree  with  the  description  of  these  substances.  A  nitrogen 
determination  on  ethyl  semicarbazinopropionate,  prepared  by  the  new 
process,  follows. 

Calc.  for  CsHiiOiNs:  N,  24.00.    Found:  N,  24.12. 

Nitroso  Derivative  of  Ethyl  Semicarbazinopropionate^  NHjCONHNCNO)- 
CH(CH8)COOC2H5. — ^This  nitroso  compound  was  made  similarly  to  the 
nitrososemicarbazinoacetic  add  ethyl  ester  described  above,  and  gives 
the  Liebermann  reaction.  It  crystallizes  from  acetic  ether  in  long, 
slender  prisms  of  a  light  yellow  color,  is  readily  soluble  in  water  and 

^UnnJso3f[^7  (1898). 
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alcohol,  and  diflScultly  soluble  in  ether  and  benzene.     It  melts  with  gas 

evolution  at  134.5®. 

Calc.  for  CeHwOiNii  C,  3529;  H.  588;  N,  27.45.    Found:  C,  3551:  H,  5.97; 
N,  27.31. 

Chsmxcal  Laboratory. 

UNivmuury  of  Tsxas. 

Austin,  Tsxas. 


[Contribution  from  the  Otho  S.  A.  Spragub  Mbmorial  Institutb,  Laboratory 
OP  CuNiCAir  Rbsbarch,  Rush  Mbdical  Collbge.] 

THE  PREPARATION  OF  ACROLEIN. 

By  Edgar  J.  Witshmann. 
Received  June  12.  1914. 

Although  numerous  methods  have  been  proposed  for  the  preparation 
of  acrolein,  it  has  remained  relatively  diflScult  to  obtain  it  pure  and  in 
large  quantities.  The  most  practical  method  for  obtaining  pure  acrolein 
hitherto  has  been  the  phosphoric  add  method  proposed  by  Nef,^  used 
by  McLeod,*  and  investigated  in  some  detail  by  Bergh.'  More  recently 
Wohl  and  Mylo*  have  described  a  method  fcH*  preparing  acrolein  in  which 
anhydrous  magnesium  sulfate  was  used  as  the  catalyst.  However,  the 
apparatus  used  by  Wohl  and  Mylo  is  composed  entirely  of  especially  con- 
structed parts  so  that  the  method,  as  described  by  them,  cannot  be  used 
except  after  a  large  outlay  in  time  and  money  for  the  construction  of  the 
apparatus.  The  present  note  is  an  account  of  a  much  simpler  way  of 
using  magnesium  sulfate  in  an  apparatus  composed  of  ordinary  stock 
materials.  The  results  obtained  by  this  modification  are  not  so  good 
as  the  best  results  obtained  by  Wohl  and  Mylo,  but  the  method,  as  de- 
scribed here,  is  much  more  available  for  ordinary  use. 

Before  discussing  the  modification  of  Wohl  and  Mylo*s  method  I  wish 
to  record  my  experience  with  the  phosphoric  add  method.  The  appara- 
tus used  was  essentially  like  that  used  by  Beigh.  A  three  liter  Kavalier 
round-bottom  flask  standing  in  a  Babo  funnel  and  heated  by  a  ring  burner 
was  used  instead  of  the  iron  retort  employed  by  Bergh.  That  is,  the 
apparatus  was  like  that  in  Fig.  i,  except  that  there  was  no  dropping  fun- 
nel in  the  generator  flask  and  that  the  thermometer  was  pushed  down 
into  the  glycerol. 

Using  an  apparatus  arranged  in  this  way,  a  charge  of  500  g.,  consisting 
of  475  g.  of  commerdal  glycerol  and  25  g.  of  a  pure  phosphoric  add  (d. 
1.7),  regularly  gave  40-45  (sometimes  50  g.)  of  very  pure  acrolein.  It  is 
necessary  to  regulate  the  flame  of  the  ring  bm-ner  carefully  because  more 

M»n.,  335,  221  (1904). 

« Am,  Chem.  /.,  37.  35  (1907). 

«  /.  prakt.  Chem.,  [2]  79,  351  (1909). 

«  Ber.,  45,  2050  (1912). 
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tar  and  less  acrolein  are  formed  the  higher  the  temperature  is  raised 
above  the  point  necessary  to  maintain  active  distillation.  This  is  usually 
about  220°  dtuing  the  first  part  oi  the  distillation.  The  temperature 
must  usually  rise  to  about  240°  as  distillation  progresses.  The  end  point 
of  the  distillation  is  very  definitely  indicated  by  the  fact  that  the  tar 
suddenly  begins  to  foam  up  and  fill  the  flask.  If  the  temperature  has 
been  properly  regulated,  the  flame  may  be  turned  down  when  the  foaming 
begins  and  the  tar  foam  will  only  rise  part  way  in  the  flask.  But  if  the 
tar  is  too  hot  it  will  boil  over  and  accomplish  one  of  several  things,  the 
least  of  which  is  to  fill  the  distilling  tube  and  condenser  with  tar. 

When  amotmts  of  phosphoric  acid  are  used  corresponding  to  between 
3  and  4.5%  of  the  reaction  mixture,  the  acrolein  distillate  is  somewhat 
heavier  (50-55  g.)  but  the  acrolein  thus  obtained  is  slightly  inferior.  The 
temperature  of  decomposition  rises  as  the  percentage  of  phosphoric  acid 
is  decreased. 

It  was  thought  that  perhaps  the  yield  could  be  increased  by  continuing 
the  distillation  after  the  foaming  stage.  It  was  possible  to  heat  the  tars 
after  the  foaming  but  the  yields  were  not  very  markedly  increased  and 
the  quality  of  the  acrolein  was  reduced  by  the  last  runnings.  Appar- 
ently, the  subsequent  heating  only  tends  to  fmrther  dehydrate  the  tar 
without  producing  additional  amounts  of  acrolein. 

Attempts  were  made  to  increase  the  yield  by  placing  only  200  g.  of  the 
charge  in  the  generator  and  dropping  the  other  300  g.  into  the  generator 
flask  through  a  separatory  funnel  dtuing  the  distillation.  This  proved 
to  be  tmsatisfactory,  because  the  reaction  mass  was  likely  to  foam  up 
at  any  moment  tmless  very  closely  watched,  and  the  yield  of  acrolein 
was  not  improved. 

The  tars  formed  in  this  process  are  relatively  easily  soluble  in  5-10% 
alkali  solutions.  The  solubility  diminishes  as  the  degree  of  dehydration 
increases. 

After  having  prepared  about  i .  5  kilos  of  acrolein  in  this  way  the  method 
was  abandoned  in  favor  of  the  following: 

Modification  of  Wohl  and  Mylo's  Method. 

The  method  of  Wohl  and  Mylo^  has  but  one  defect  and  that  is,  it  can 
only  be  used  after  a  heavy  outlay  for  special  apparatus.  The  modifica- 
tion here  described  was  made  in  an  attempt  to  utilize  nu^^esium  sulfate 
^  a  catalyst  under  less  expensive  conditions.  After  some  experimenta- 
tion with  the  use  of  distilling  tubes,  etc.,  the  apparatus  of  Bergh's  phos- 
phoric acid  method  was  modified  as  shown  in  Fig.  i.  i4  is  a  ring  burner 
resting  on  an  asbestos  board  supported  by  a  large  ring  attached  to  the 
ring  stand.  S  is  a  Babo  fimnel.  C  is  a  three  liter  round-bottom  Kavalier 
long  neck  (about  12  cm.)  flask  connected  by  an  ordinary  glass  tube  con- 
^Loc.cit. 
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nection  to  a  short  condenser.  A  short  bent  adaptor  connects  this  with 
the  first  receiver  (a  one  liter  flask),  which  contains  100-125  g.  of  conunon 
salt  and  is  immersed  in  boiling  water.  The  bent  glass  connecting  tube 
leading  from  D  is  constricted  at  its  lower  end  and  has  a  hole  blown  about 

2.5  cm.  from  the  lower 
end,  in  order  to  allow 
vapors  to  pass  through 
it  without  forcing  them 
through  the  water  drops 
which  continually  fall 
from  the  lower  end  of  this 
connecting  tube.  The 
receiver  for  the  acrolein 
is  kept  immersed  in  an 
ioe-water  bath  E.    The 


"^ 

^ 

i 

E 

3 

^/^X 


uncondensed  acrolein  vapors  are  disposed  of  by  means  of  a  rubber  tube 
attached  to  the  side  arm  of  the  receiving  flask  and  which  terminates  in  a 
good  hood  or  outside  of  the  building.  The  two  ring  stands  supporting 
the  condensers  are  not  shown. 

The  hydrated  magnesium  sulfate  was  dehydrated  by  heating  it  with  a 
good  Bunsen  burner  in  an  iron  pan.  Dehydrated  layers  at  least  three- 
eighths  of  an  inch  thick  were  obtained.  This  material  was  broken  up  be- 
tween the  fingers  into  pieces  varying  from  one-fourth  to  one-half  inch  in 
dimensions.  The  smaller  particles  and  dust  were  carefully  removed. 
One  hundred  and  sixty  grams  of  this  were  placed  in  the  three  liter  flask. 
If  dust  and  fine  particles  cover  the  bottom  of  the  flask  to  any  marked  ex- 
tent, the  flask  will  probably  be  broken  during  the  distillation,  hence  the 
care  in  removing  the  fine  magnesium  sulfate. 

Just  before  beginning  the  distillation  200  g.  of  commercial  glycerol 
are  poured  on  the  magnesium  sulfate.  The  flask  and  contents  are  now 
warmed  up  fairly  slowly  by  keeping  the  flame  low  at  first.  Meanwhile, 
the  Bunsen  lamp  under  D  is  lighted  in  order  to  heat  the  water  bath  to 
boiling.  When  acrolein  begins  to  pass  over  into  the  second  receiver 
(the  water  is  held  bade  by  the  salt  in  the  first  receiver)  glycerol  is  slowly 
dropped  into  the  generator  through  the  dropping  funnel.  The  glycerol 
must  be  added  as  fast  as  that  already  present  is  decomposed,  but  not  mudi 
faster.  If  the  glycerol  is  not  added  as  fast  as  it  is  decomposed,  the  bottom 
of  the  flask  bums  dry  and  breaks,  although  the  magnesium  sulfate  mass 
may  be  foaming  actively  and  developing  acrolein  freely.  The  glycerol  in 
the  generator  darkens  in  color  and  becomes  more  syrupy  and  tarry  as  the 
distillation  proceeds.  The  rate  of  the  tarring  depends  somewhat  on  the 
height  of  the  flame  on  the  ring  burner.  After  having  studied  the  reac- 
tion and  learned  the  optimum  conditions,  I  found  that  I  could  operate 
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with  three  sets  of  apparatus  simtiltaneously  and  could  thus  obtain  about 
500  g.  of  very  good  acrolein  in  about  five  hours.  The  process  requires 
Tcry  dose  attention,  especially  during  the  first  few  runs,  but  later  on 
other  work  can  be  carried  on  easily. 

Occasionally  generator  flasks  break  during  distillation,  but  there  is 
nothing  to  fear  from  this,  since  the  odor  given  ofif  is  mostly  that  of  hot 
si^;ar  tar.  This  was  a  great  surprise.  It  was  expected  that  the  odor  of 
acrolein  would  be  overpowering.  Usually  flasks  are  broken  in  this  way 
because  they  are  heated  too  rapidly  at  the  b^[inning  of  the  distillation. 
If  the  distillation  has  not  progressed  too  far,  so  that  the  magnesium  sul- 
fate is  not  clogged  with  tar,  the  glycerol-soaked  magnesium  sulfate  may  be 
transferred  to  another  flask  and  distillation  continued.  This  was  done  a 
oomber  of  times. 

Wdil  and  Wylo  have  suggested  that  the  yield  of  acrolein  mi^t  be  in- 
creased, when  distilling  from  a  metallic  retort  containing  the  whole  diarge, 
by  stirring  the  contents.  From  my  experience  in  watching  the  opera- 
tion in  a  glass  flask  it  is  apparent  that  the  tar  dogs  up  the  pores  and 
hanps  of  the  magnesium  sulfate;  if  this  tar  cotdd  be  drained  away  from 
the  catalyst  the  same  catalyst  could  be  used  with  much  larger  amounts 
of  glycerol.  This  tar  probably  arises  at  first  solely  from  aoetol  and  it  is 
possible  that,  as  the  amount  of  acetol  tar  increases,  that  either  relatively 
more  aoetol  is  formed  (x  that  much  of  the  acrolein  is  also  resinified.  At 
kast  it  is  certain  that  the  3rield  in  acrolein  hour  for  hour  diminishes  some- 
iriiatas  the  distillation  proceeds. 

The  acrcdein  as  obtained  in  the  second  receiver  is  lemon-3rellow  in  color 
and  nearly  always  begins  to  polymerize  at  once.  There  are  always  a  few 
gnuns  of  water  in  the  bottom  of  eadi  acr<dein  distillate.  If  this  water  is 
not  removed,  the  pcdymerization  does  not  proceed  very  far,  so  that  the 
crude  acrolein,  if  kept  in  a  cool  place,  may  be  redistilled  the  next  day 
without  very  great  loss. 

After  having  made  some  practice  runs  the  following  yields  were  ob- 
tained: 

460  J. 
470  J. 
480  {. 

495  f.  from  1850  g.  glycerol 370  g.  pure  acrcdeiii 

S47  g.  from  2000  g.  glycerol 425  g.  pure  acrolein. 

The  crude,  moist  acrolein  began  to  boil  at  51  ®  and  distilled  over  almost 
entirely  between  52-54^;  only  a  very  small  amount  boiled  between  54^ 
and  58**,  which  was  obviously  due  to  the  presence  of  water.  Acrolein 
thus  distilled  polymerizes  quite  rapidly  and  should  be  agitated  for  a  few 
nmmtes  with  granular  calcium  chloride  until  it  clears  up  and  then  be 


crude  acrolein  from  1800  g.  gly-  1  When  redistilled  320-^0  g.  of  purified  acro- 
cerol.    Average  yiM  43%.         /  lein  were  obtained. 
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used  at  once.  The  calcium  chloride  must  not  be  alkaline  to  litmus  in 
aqueous  solution,  because  such  calcium  chloride  causes  very  rapid  polym- 
erization. 

Under  normal  conditions  the  tar  in  the  generator  flask  can  be  readily 
and  quickly  washed  out  with  warm  water.  At  other  times  there  is  a  small 
amount  of  non-acid  tar,  which  can  be  removed  easily  with  the  chromic 
acid  deaning  mixture. 

CmcAoo,  Ii«L. 


THE  PHOSPHATES  OF  2,3-DISTEARIN.' 

Bt  R.  R.  Rbnsbaw  and  R.  R.  Stsvbns. 
Received  June  22.  1914. 

Gnm  and  Kade*  have  recently  described  a  number  of  distearyl  phos- 
phates  obtained  by  the  action  of  phosphoric  anhydride  on  2,3-distearin. 
It  would  appear  that  the  publication  of  their  researches  was  delayed  and 
that  their  results  were  obtained,  in  part  at  least,  as  early  as  19 10.  We 
also  began  the  study  of  the  phosphatization  of  distearin  in  the  summer  of 
1910,  but  our  object  was  to  obtain  a  definite  substance  and  not  per  se 
to  study  the  interaction  of  phosphorus  pentoxide  and  distearin.  Our 
investigaticHi  is  not  as  complete  as  that  of  Grun  and  Kade,  and  we  bring 
up  no  question  of  priority.  There  are,  however,  certain  similarities  and 
differences  in  our  results  which  we  think  desirable  to  indicate  at  this  time. 

Under  certain  conditions,  Gnm  and  ICade  obtained  the  mono-2,3-di- 
stearyl  glyceryl  phosphate  and  from  the  decomposition  of  this,  by  standing 
or  by  recrystallization  from  alcohol,  ether  or  ligroin,  they  seem  to  have 
obtained  primary,  secondary,  tertiary  and  quinquenary  esters  of  o-phos- 
phoric  acid.  Suggesting  as  probable,  the  intermediate  formation  of  m^a- 
phosphates,  they  propose  the  following  scheme  to  represent  the  decompo- 
sition, where  R  represents  the  distearyl  radical: 

RH8P2O7  — ^  RH2PO4  — ^  R2HPO4  — ^  R3PO4  — ^  RjPOfi 
That  is,  for  instance,  the  primary  distearyl  glyceryl  phosphate  breaks 
down  in  part  into  distearin  and  phosphoric  add  and  the  distearin  formed 
reacts  with  some  of  the  undecomposed  primary  phosphate  to  form  the 
secondary  phosphate,  and  similar  reactions  yield  the  tertiary  and  quin- 
quenary phosphates.  The  evidence  offered  seems  to  be  sufficient  with  the 
possible  exception  erf  the  quinquenary  phosphate.* 

*  Presented  at  the  49th  General  Meeting  of  the  Am.  Chem.  Soc.,  Cincinnati,  CHiio, 
April  8,  1914. 

«  Ber.,  45,  3358. 

*  In  connection  with  thL<t,  it  may  be  recalled  that  Grun  himself  has  shown  that 
digiycerides  form  very  stable  addition  products  with  the  fatty  adds,  as  for  instance, 
dimyristin  forms  CsH«(OH)(OCOCuHt7)i  +  2HOOCCisHa7.  The  phosphorus  content  oi 
the  quinquenary  ester  and  of  such  an  addition  product  of  the  tertiary  phosphate  with 
four  molecules  of  stearic  acid  differ  within  the  allowable  analytical  error. 
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Both  from  experimental  data  and  from  analogy  with  the  reversibility 
of  the  reaction  of  concentrated  sulfuric  acid  and  stearic  acid  on  mono  and 
distearin,  the  decomposition  proposed  by  Grun  and  Kade  was  viewed 
with  surprise  by  the  present  authors.  Our  results  show  clearly  the  ten- 
dency of  the  phosphates  to  hydrolyze,  fortmng  products  poorer  in  fatty 
add  and  richer  in  phosphorus  rather  than  the  reverse  as  found  by  Grun 
and  Kade. 

We  have  confirmed  the  work  of  Grun  and  Kade  and  of  Hundeshagen^ 
on  the  preparation  of  the  primary  (7-phosphate  of  2,3-distearin.  In  ad- 
dition we  have  isolated  salts  of  a  p3a'ophosphate  which  appears  to  be 

CH,— 0-C(X:i7H» 

CH— O— P^ONa 

CH,— O— P^ONa 
O 
This  was  obtained  in  an  attempt  to  simplify  the  process  for  the  separation 
of  the  primary  distearyl  glyceryl  phosphate.  A  typical  example  of  the 
procedure  follows:  2.5  g.  of  distearin  and  1.3  g.  of  phosphorus  pentoxide 
were  heated  for  an  hoiu"  at  loo^  with  constant  stirring.  The  reaction 
product  was  cooled,  pulverized  and  sifted  with  stirring  into  a  saturated 
solution  of  sodium  hydrogen  carbonate.  The  brownish,  granular  material 
separating  in  the  bottom  of  the  beaker  was  filtered,  washed  with  water 
and  extracted  with  acetone  to  remove  stearic  acid  and  distearin.  About 
one-fourth  of  the  residue  from  the  acetone  extraction  was  soluble  in  boiling 
benzene.  The  remainder,  insoluble  in  benzene,  was  boiled  with  water, 
and  its  concentrated  aqueous  solution  precipitated  with  acetone.  In 
the  boiUng  stearic  acid  was  split  off.  The  combined  soluble  products 
were  purified  by  dissolving  in  benzene  and  precipitating  with  acetone,  and 
finally  recrystallizing  from  petroleum  ether.  It  separated  from  this  solvent 
in  prismatic  plates  melting  at  167-8°  (uncor.).     The  )deld  was  about 

047  g. 

Calc.  for  CiiH4oOiP2Nas:  P,  11.39%;  stearic  acid,  522%.     Found:  P,  11.51%, 
"43%;  stearic  add,  51.86%. 

This  sodium  salt  dissolves  in  hot  water,  giving  a  solution  resembling 
that  of  soap.  It  is  soluble  in  hot  benzene  and  in  petroleum  ether  and  is 
nearly  insoluble  in  acetone. 

A  silver  salt  was  obtained  by  precipitating  a  concentrated  solution  of 
the  sodium  salt  with  silver  nitrate.  It  melts  at  147.5^  (uncor.)  and  readily 
darkens. 

Calc.  for  CfiHioOjPtAgi:  Ag,  30.23%.     Found:  Ag,  30.19%. 

Insoluble  barium  and  calcium  salts  were  also  obtained. 
1  /.  prakt.  Chem.,  a8»  232. 
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No  attempt  was  made  to  investigate  further  the  product  insoluble  in 
benzene. 
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OIL  OF  OCYMUM  PILOSUM  ROXB. 

By  Ksrxtibbusan  Bmaouki. 
Received  June  8,  1914. 

The  botanical  characteristics  of  Ocymum  Pilosum,  Roxb,  are  as  follows: 
Shrubby,  branches  four-sided,  and  furrowed.  Leaves,  ovate  oblong, 
cerrat.  Bractes  petioled,  sub-orbicular,  hairy;  upper  tip  of  the  cal3rx 
orbicular  and  hairy,  with  corrolla  twice  its  length. 

The  seeds  when  steeped  in  water  swell  into  a  jelly,  which  is  used  medicin- 
ally by  the  natives  of  India. 

The  plant  has  a  very  strong  odor  of  the  oil,  which  is  found  in  the  whole  of 
it  as  well  as  in  the  seeds;  but,  when  the  latter  are  dried,  no  oil  can  be  got 
from  them  by  distillation.  This  may  be  due  to  either  of  the  two  causes, 
viz.f  the  oil  is  extremely  volatile  and  when  the  plant  dries  it  volatilizes, 
or  in  the  course  of  dr3ring,  the  oil  resinifies  and,  as  such,  it  cannot  be  ob- 
tained by  distillation. 

The  percentage  of  oil  in  the  green  seeds  is  higher  than  in  that  of  the 
leaves.  The  oil  has  been  obtained  by  the  author  by  distillation  at  the 
laboratory,  the  total  volume  obtained  being  very  small.  The  season 
being  over,  it  was  not  possible  to  obtain  a  fresh  supply  of  the  plant.  It 
is  hoped,  however,  that  a  good  quantity  of  oil  may  be  obtained  the 
coining  season,  when  the  results  of  further  investigation  will  be  com- 
municated. 

To  obtain  the  oil,  the  whole  plant,  as  cut  down,  can  be  at  once  submitted 
to  steam  distillation.  The  whole  of  the  oil  comes  over  within  a  very  short 
time,  about  half  an  hour  being  suflSdent  for  this  purpose.  It  is  a  very 
thin  mobile  liquid  with  a  pale  yellow  color.  When  left  exposed  to  the 
aetmosphere  part  of  it  volatilizes  and  a  resinous  mass  remains.  The  odor 
is  almost  identical  with  that  of  lemon-grass  oil. 

Experimental. 

The  specific  gravity  as  determined  with  a  pycnometer,  was  found  to  be 
0.8872  at  25»5^  The  refractive  index,  as  determined  in  a  Pulfridi*s 
refractometer,  is  14843  or  40**  12'  at  24.5®.  Hie  oil  is  laevo-rotatory, 
the  optical  rotation  being  — 3.7  ®  in  a  tube  one  decimeter  long.  The  specific 
rotatory  power  [a]u  is,  therefore,  — ^4**io'i4''  at  24.5®. 

Generally,  Basil  oils  contain  methyl-chavieol,  which  gives  a  blue  colora- 
tion with  ferric  chloride.^    When  ferric  chloride  solution  (neutral)  was 

*  RUhier's  Organic  Chemistry,  p.  269. 
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added  to  an  alcoholic  solution  of  this  oil  no  coloration  was  produced, 
proving  the  absence  of  this  compound.  When  a  few  drops  of  the  oil  were 
shaken  with  a  neutral  solution  of  sodium  sulfite  and  phenolphthalein,  a 
pink  coloration  was  produced,  showing  that  aldehydes  were  present. 
From  the  resemblance  of  its  odor  to  that  of  lemon-grass  oil  it  was  suspected 
to  contain  dtral.  To  prove  it,  a  drop  of  the  oil  was  shaken  with  a  solution 
of  mercuric  chloride  in  25%  sulfuric  acid  when  a  red  coloration  was  pro- 
duced. The  presence  of  this  substance,  as  well  as  that  of  citronellal,  was 
proved  by  preparing  condensation  products  with  p)aiivic  add  and  /S-naphth- 
ylamine,  separating  them  by  fractional  crystallization  and  determining 
their  melting  points. 

On  adding  a  strong  solution  of  iodine  in  potassium  iodide  a  pasty  mass 
with  green  lustrous  scales  was  produced,  proving  the  presence  of  dneol. 
When  two  drops  of  the  oil  were  gently  heated  on  a  porcelain  basin  with  one 
drop  of  strong  hydrochloric  add  and  one  drop  of  a  strong  solution  of  f erri« 
chloride,  it  developed  a  rose  color,  showing  that  limonene  is  present. 
This  substance  was  also  isolated  from  the  oil  and  its  properties  were  found 
to  be  identical  with  that  of  a  sample  of  limonene. 

Here  it  may  be  mentioned  that  whenever  the  oil  is  treated  with  a  strong 
mineral  add  it  devdoped  a  camphor-like  odor.  It  does  not  contain  any 
free  add.  It  was  found  that  10%  of  the  oil  was  absorbed  when  shaken 
with  a  5%  solution  of  caustic  potash.  It  contains  a  very  small 
quantity  of  thymol.  The  major  portion  of  the  oil  distilled  between 
205-230''  C. 

For  the  estimation  of  dtral  and  citronellal  the  method  of  Teimann  was 
used.  5  cc.  of  the  oil  were  shaken  in  a  Hirsdisohn  flask  with  a  solution 
of  19  g.  of  sodium  sulfite  and  7  g.  of  sodium  bicarbonate  for  several  hours, 
and  allowed  to  stand,  after  adding  water  to  make  the  unabsorbed  portion 
collect  in  the  neck.  The  volume  of  this  was  found  to  be  1.25  cc,  or  75% 
by  volume  of  the  oil  were  aldehydes.  The  aqueous  liquid  was  transferred 
to  a  larger  flask  and  shaken  with  ether  to  extract  the  non-aldehydic  con- 
stituents in  it.  The  dtral  was  liberated  by  the  addition  of  a  solution  of 
caustic  potash  previously  saturated  with  ether.  A  layer  of  ether  was 
poured  into  the  flask  and  the  alkali  solution  added  so  that  the  citral  was 
taken  up  by  it  as  soon  as  liberated.  The  ethereal  layer  was  taken  in  a 
weighed  basin  and  the  ether  allowed  to  evaporate.  From  the  difference 
in  wdght  of  these  two  we  get  the  weight  of  dtral  and  subtracting  this  from 
that  of  the  total  aldehydes  we  get  the  percentage  of  citronellal.  The 
weight  of  dtral  found  was  1.8  g.  This  is  equal  to  2.05  cc.,  or  41%  by 
volume.    Hence  the  percentage  of  dtronellal  is  equal  to  75-41  or  34. 

CwtaacAL  Laboxatort. 

Px«8iD«Ncy  CoLUos.  Calcutta, 

India. 
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[Prom  rtm  Labokatoribs  of  Physiolooical  Chbiostry  of  ths  Univbrsity  of 

IlXmOIS  AND  OF  JSFFSRSON  MBDICAI,  CoIXBGS.) 

STUDIES  ON  WATER  DRINKING.    XVm.    ON  THE  RELATION 

BETWEEN  WATER  INGESTION  AND  THE  AMMONIA, 

PHOSPHATE,  CHLORIDE  AND  ACID 

EXCRETION. 

By  D.  W.  Wuaon  and  P.  B.  Hawk. 
Received  June  20.  1914. 

In  the  course  of  a  former  investigation  carried  out  by  one  of  us^  it  was 
demonstrated  that  the  ingestion  of  water  was  followed  by  an  increased 
excretion  of  urinary  ammonia  and  that  the  extent  of  this  increase  for 
any  given  subject  was  directly  proportional  to  the  voliune  of  water  in- 
gested. The  actual  increase  in  the  ammonia  output  varied,  however, 
for  different  individuals.  The  relation  between  the  water  ingestion  and 
the  increased  ammonia  output  as  determined  for  the  two  subjects  of  that 
experiment  was  as  follows: 

Subject  W.  Subject  E. 

Expt.  I.  Expt  II.  Expt.  III.  Ezpt  IV. 

Copious  HiO  .  NH«  inc.   (cop.).  Copiout  HtO  .  NH»  inc  (cop.). 

Moderate  HtO  NHa  inc.  (mod.)  ModeraU  HtO  NHa  inc.  (mod.) 

I  :  i.8i  I  :  1.75  I  :  2.66  1  :  2.54 

The  above  data  indicate  that  when  the  water  ingestion  of  Subject  W 
was  increased  from  a  value  of  i  to  a  value  of  i  .81  that  the  ammonia  ex- 
cretion simultaneously  rose,  from  a  value  of  i  to  a  value  of  i  .75.  In  the 
case  of  Subject  E  the  water  and  ammonia  ratios  were  i  :  2 .  66  and  i  :  2 .  54. 
The  increased  output  of  ammonia  under  the  influence  of  water  ingestion 
was  interpreted  as  indicating  a  stimulation  of  gastric  secretion. 

In  order  to  make  a  further  study  of  the  water-anunonia  relationship, 
using  other  subjects,  the  present  investigation  was  planned.  The  rela- 
tionship of  the  ammonia  output  to  the  urinary  chloride,  phosphate  and 
add  excretion  was  also  included. 

The  general  plan  of  the  experiment  was  similar  to  that  of  other  ex- 
periments previously  reported.**'  Two  normal  young  men  served  as 
subjects.  The  diet  was  simple  in  character  and  uniform  from  day  to 
day.    The  actual  daily  diet  as  fed  was  as  follows:  • 

Graham  crackers 300  grams  Peanut  butter 45  grams 

Milk  (whole) 1200  cc.  Water  (distilled) 300  cc. 

Butter 75  grams 

The  experiment  was  divided  into  five  periods  as  follows:  preHminary 
(3-5  days),  moderate  water  drinking  (10  days),  intermediate  (5  days), 
copious  water  drinking  (5  days),  final  (5  days). 

*  Wills  and  Hawk,  This  Journal,  36,  158  (19 14). 

*  Mattill  and  Hawk,  Ibid.,  33,  1978  (1911). 

*  Fowler  and  Hawk,  Exp.  Med.,  za,  388  (1910). 
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During  the  prelumnary,  intennediate  and  final  periods  Subject  C  in- 
gested 400  cc.  water  per  day  between  meals,  whereas  Subject  V  drank 
600  oc.  During  the  moderate  water  drinking  period  each  subject  took 
500  cc.  water  additional  at  each  meal.  Thus  the  total  daily  water  inges- 
tion of  C  during  this  period  was  2200  cc.,  whereas  V  drank  2400  cc.  In 
the  period  of  high  water  intake  each  subject  drank  850  cc.  water  at  each 
meaL  This  increase  made  the  daily  water  ingestion  of  C  3350  cc.,  whereas 
that  of  V  was  3450  cc. 

Ammonia  and  acidity  were  determkied  by  Folin's  methods.  The 
phosphates  were  determined  by  the  uranium  method,  whereas  chkxrides 
were  estimated  by  the  Dehn-Ckrk  procedure.^ 

Discoaaion. 

Chlorides  and  Phosphates. — ^The  excretion  of  chlorides  showed  small 
variations.  Both  subjects  excreted  less  during  the  water  periods  and 
showed  a  lower  output  with  moderate  than  with  copious  water  ingestion. 
The  averages  for  the  preliminary  period  (6.6  and  6.45  grams)  indicate 
a  low  chloride  ingestion,  which  may  account  for  the  small  variations  ob- 
served in  the  different  experimental  periods.  With  a  low  chloride  intake 
there  would  be  less  liability  of  retention  and  flushing  out  of  the  tissues 
with  the  increased  water  ingestion.  In  fact  the  data  indicate  a  reverse 
tendency.  On  the  first  day  of  each  period  of  moderate  and  copious 
water  ingestion  liiere  was  a  retention  instead  of  a  loss.  This  undoubtedly 
was  due  to  the  efforts  of  the  body  to  maintain  the  normal  osmotic  pressure 
in  its  various  fluids.  In  most  cases  there  was  a  marked  retention  of  water, 
and  as  distilled  water  was  ingested,  a  considerable  retention  of  inorganic 
salts  was  necessary.  The  phosphates  were  excreted  in  normal  amounts 
in  order  to  eliminate  adds  formed  from  metabolic  ^ocedures,  so  that  the 
first  source  of  material  for  maintenance  of  osmotic  pressure  would  be 
the  ingested  chlorides. 

The  most  marked  example  of  the  chloride  retention  was  in  the  case  of 
Subject  V.  On  the  ist  day  of  the  intermediate  period  the  chlmde 
output  was  8.2  g.,  whereas  on  the  two  following  days  in  which  copious 
volumes  of  water  were  ingested  the  chloride  sank  to  4.7  and  4.0  g.,  re- 
spectively, values  only  about  50%  as  great  as  that  previously  obtained. 
The  intermediate  period  showed  an  increased  chloride  output  due  to  the 
loss  of  water  when  the  water  ingestion  was  decreased.*  The  use  of  dis- 
tilled water  with  a  low  ingestion  of  inorganic  salts  may  easily  account 
for  the  lack  of  greater  variations  in  the  chloride  output  than  those  ob- 
served. 

Ammonia  and  Acidity. — The  variations  in  the  ammonia  output^  as 
influenced  by  the  ingestion  of  water  are  readily  apparent  from  an  exam- 
ination of  the  tables.    Increased  water  ingestion  was  followed  by  an  in- 
1  See  Hawk's  "Practical  Physiological  Chemistry/'  fourth  edition,  1912,  p.  417. 
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creased  excretion  of  urinary  ammonia.  Subject  V  gave  a  normal  ammonia 
value  of  0.26  g.  in  the  preliminary  period  which  value  was  increased 
to  0.32  g.  when  a  moderate  increase  in  the  water  ingestion  was  made. 
The  maximum  ammonia  value  was  0.33  g.  and  was  obtained  during  the 
copious  water  period.  The  ammonia  data  of  Subject  C  showed  greater 
variations,  but  with  the  same  general  tendency.  The  preliminary  period 
gave  an  average  ammonia  excretion  of  0.29  g.,  which  underwent  an  in* 
crease  of  0.37  g.  dtuing  the  period  of  moderate  water  intake.  The  aver- 
c^e  of  the  intermediate  period  was  slightly  lower  than  that  of  the  pre- 
liminary period  (o. 26  g.),  but  rose  again  upon  copious  water  ingestion  to 
0.34  gv  a  value  which  was  somewhat  lower  than  the  value  yielded  by  this 
subject  upon  the  ingestion  of  .moderate  quantities  of  water.  The  final 
period  gave  a  minimum  average  of  o.  25  g. 

Subject  C  showed  an  increased  excretion  of  acid  and  i^osphates  during 
the  water  drinking  period  with  maxima  during  the  moderate  water  in- 
gestion. Subject  V  showed  a  decreased  excretion  of  both  constituents 
in  both  cases. 

The  increased  excretion  of  ammonia  as  observed  with  both  subjects 
and  the  increased  excretion  of  adds  and  phosphates  in  the  case  of  Subject 
C  indicate  to  us  an  increased  cell  metabolism,  causing  a  formation  of 
add  products  whidi  are  partly  neutralized  by  ammonia  formation  and 
partly  cause  increased  add  phosphates  in  the  mine.  Various  experiments 
in  this  and  other  laboratories  have  shown  increased  total  nitrogen  excre- 
tion, and  one  of  us  has  recently  observed^  an  increased  neutral  sulfur 
output  after  ingestion  of  considerable  quantities  of  water.  It  has  been 
su^;ested  that  neutral  sulfur  is  a  product  of  cellular  metabolism.  The 
increase  of  total  nitrogen  and  neutral  sulfur  substantiates  otu*  assump- 
tion that  the  observed  increased  excretion  of  ammonia,  phosphates  and 
increased  urinary  addity  is  due  to  stimulated  cell  metabolism  caused  by 
ingestion  of  considerable  quantities  of  water. 

A  complication  which  undoubtedly  makes  less  apparent  any  variations 
which  are  produced,  is  the  necessity  of  maintenance  of  osmotic  pressure 
by  the  body.  This  calls  for  considerable  amounts  of  dissolved  solids 
drawn  from  the  tissues-  by  the  distilled  water  ingested.  As  inorganic 
salts  are  the  most  effident  means  of  developing  osmotic  pressure,  as  well 
as  the  most  available,  they  would  be  most  in  demand  and  thus  cause  a 
retention  of  the  constituents  with  which  we  are  dealing.  This  retention 
undoubtedly  occurs  in  all  the  water  periods  of  the  experiment  and  is  suffi- 
dent  in  the  case  of  Subject  V  to  mask  any  tendency  toward  increased 
excretion  of  the  add  phosphates.  The  same  consideration  probably  ex- 
plains why  the  values  (NHs,  acidity  and  phosphates)  for  the  copious 
water  periods  were  lower  than  the  values  for  the  moderate  water  periods. 
^  Fowler  and  Hawk,  Unpublished. 
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The  retention  of  even  small  volumes  of  distilled  water  by  the  body 
would  call  for  a  marked  retention  of  inorganic  salts.  For  example,  a  re- 
tention of  nearly  3  g.  of  inorganic  salts,  calculated  as  NaCl,  would  be 
necessary  to  render  300  cc.  of  distilled  water  isotonic.    Calculated  as 


SuBJBCt  C. 

Urine.  NHi 

Volnme.  N. 

Day.  Cc.  Ormms. 

Prdimiiiary. 

4 720  0.29 

5 620  0.26 

6 615  0.31 

Average 651  0.29 

Moderate  water. 

7 995  0.38 

8 1465  0.37 

9 1215  0.41 

10 1620  0.36 

II 2040  0.38 

12 2030  0.37 

13 1800  0.35 

14 2230  0.34 

15 2330  0.38 

16 1930  0.38 

Average 1768  0.37 

Intermediate. 

17 860  0.29 

18 675  0.28 

19 700  0.28 

20 770  0.24 

21 710  0.19 

Average 743  0.26 

CopicNis  water. 

22 2900  0.33 

23 2670  0.36 

24 3360  0.35 

25 3210  0.35 

26 3300  0.32 

Average 3088  0.34 

Final. 

27 920  0.23 

28 820  0.26 

29 833  0.26 

30 810  0.25 

31 850  0.25 

Average 847  o.  25 


Additr 
Cc  wo. 
NftOH. 


232.6 

235.4 
300.2 


287.5 

219.6 
289.3 
241.8 
200.6 
182.9 


226.8 


ISOs 
Orunii 


1.50 
1.94 
1.93 


2.01 

1.84 
1.88 
1.88 
1.88 
1.86 


1.87 


Gmns. 
NftO. 


6.78 
6.57 
6.57 


262.7 

X.79 

6.64 

324-7 

1.88 

S.44 

324.4 

2.24 

6.60 

343.8 

X.99 

5.96 

281.0 

2.24 

5.98 

242.9 

X.97 

6.31 

242.2 

1.97 

6.04 

263.7 

1.97 

6.31 

224.2 

1.93 

6.54 

346.0 

1.90 

7.14 

280.3 

1.98 

6.29 

6.26 

6.64 
5.92 
5.96 

8.00 

7.30 


6.76 


253.4 

2.09 

6.34 

234.5 

1. 61 

5.38 

244.9 

1.97 

6.97 

255.8 

1.96 

6.61 

228.6 

1.86 

7.41 

243.4 

1.90 

6.54 

233.5 

1.70 

6.77 

259.5 

1.75 

5.78 

279.1 

1.88 

6.13 

292.7 

1.94 

6.44 

244.4 

1.94 

7.32 

261.8 


1.84 


6.49 
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Subject  V. 

Urine  KRa  Addftf. 

Volnme.  N.  Cc.  NhO 

Day.  Ce.  Grami.  NftOR. 

4 740  0.22  254.9 

5 Z425  0.27  219.3 

6 890  0.31  268.0 

7 665  o.a6  263.3 

8 690  0.24  248.6 

Average 882  0.26  251.2 

Moderate  water. 

9 2110  0.31  258.9 

zo 4 2210  0.31  240.1 

11 1620  0.34  245.0 

12 1970  0.21  159.6 

13 2380  0.33  264.7 

14 2550  0.29  219.4 

IS 2165  0.38  238.2 

z6 2635  0.34  2O1.6 

17 2205  0.36.  245.6 

18 2410  0.29  2t6.I 

Average 2226  0.32  222.9 

Intermediate. 

19 1230  0.25  201.6 

20 1025  0.26  240.9 

2z zooo  0.25  240.4 

22 1195  0.24  220.9 

23 1670  0.23  233.7 

Average 1224  0.26  229.3 

Coptoiu  water. 

24 3400  0.35  224.9 

25 3140  0.35  226.0 

26 3600  0.31  207.  z 

27 3860  0.33  Z99.2 

28 3660  0.33  2Z2.Z 

Average 3332  0.33  213.8 

I^inal. 

29 920  0.25  232.2 

30 1240  0.27  223.5 

31 835  0.28  271.7 

32 8z5  0.23  217.6 

33 xozo  0.22  208.7 

Average 964  0.25  230.7 


FkOs. 
Gtmmi. 


.72 
.95 
.93 
.89 
.84 


.86 


.60 


79 


Ni 

5.78 
8.99 
6.39 
5.64 
5.49 


6.45 


77 

5.07 

88 

6.06 

82 

5.70 

02 

6.73 

45 

6.«$ 

89 

6.7* 

66 

5.72 

43 

6.73 

47 

5.76 

64 

3.* 

6. IX 


36 

7.a« 

78 

5.88 

7» 

6.40 

96 

7-23 

9« 

S.ai 

7.00 


6s 

4.70 

47 

4.0a 

77 

6.91 

63 

8.38 

«7 

6.91 

6.z8 


.63 

6.Z2 

.82 

6.69 

.72 

3.25 

.75 

3.53 

.84 

6.89 

1.75 


6.10 
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phosphates,  the  value  would  be  higher.  A  retention  of  double  that  vol- 
ume was  indicated  by  variations  in  body  weights  of  the  subjects  in  the 
different  periods. 

Considering  the  variations  in  the  excretion  and  retention  which  would 
be  caused  by  the  variations  in  the  water  content  of  the  body,  the  small 
differences  which  we  have  obtained  in  our  experiments  are  much  more 
significant,  for  our  increases  in  ammonia,  phosphate  and  add  output 
have  been  evident  in  spite  of  the  tendency  to  retention  and  obscurity. 
In  other  experiments  in  this  laboratory,  where  ordinary  tap  water  has 
been  used,  the  variations  were  much  more  pronounced.  This  was  un- 
doubtedly favored  by  the  presence  of  salts  in  the  water  which  made  it 
less  necessary  for  the  body  to  supply  the  necessary  material  for  develop- 
ment of  sufficient  osmotic  pressing. 

It  will  be  observed  that  the  increase  in  urinary  ammonia  which  fol- 
lowed the  increased  water  intake  by  the  subjects  of  these  tests  was  not 
proportional  to  the  volume  of  water  ingested.  This  lack  of  relationship 
is  easily  explained  on  the  basis  of  certain  experiments  now  in  progress 
by  one  of  us.^  In  the  tests  mentioned  the  introduction  of  distilled  water 
into  the  empty  stomach  causes  an  increased  flow  of  gastric  juice  but  the 
increaaed  flow  is,  in  some  cases  at  least,  in  no  way  proportional  to  the 
volutne  of  water  introduced  into  the  stomach.  Inasmudi  as  we  believe 
thefammonia  output,  under  such  conditions,  is  regulated  to  a  large  de- 
gree by  the  amount  of  add  entering  the  intestine,  the  non-parallelism  of 
the  water  intake  and  the  ammonia  output  may  be  logically  explained. 

^mnt^^gmunoA,  Pa. 
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STUDIES  ON  WATER  DRINKING.    XDL    INTESTINAL  PUTRE- 
FACTION AS  INFLUENC£D  BY  THE  INGESTION  OF 
SOFTENED  AND  DISTILLED  WATERS. 

By  C.  p.  Shsrwim  Asm  P.  B.  Hawk. 
RecdTcd  Jane  12.  1914. 

Investigations  already  reported  by  one  of  us^  indicated  that  the  drinking 
of  copious  (1000  cc.)  or  moderate  (500  cc.)  volumes  of  water  with  meals 
decreased  intestinal  putrefaction  as  measured  by  the  urinary  indican 
output,  and  that  copious  water  drinking  caused  a  more  pronounced  lessen- 
ing of  the  putrefactive  processes  than  did  the  moderate  water  drinking. 
Scrftened  water  was  employed  in  the  experiments  in  question.  In  the 
pceseat  instance  the  influence  of  both  distilled  and  softened  water  was 
studied. 

The  investigation  here  reported  embraced  two  experiments,  young  men 
^  Refaf tiw,  Bergeim  and  Hawk,  UnpubUsfaed. 
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serving  as  subjects  in  each  instance.  A  general  description  of  the  sub- 
jects, diets,  etc.,  used  in  the  two  experiments  will  be  found  in  other  con- 
nections.** '.  The  indican  determinations  were  made  by  Ellinger's* 
method  as  modified  by  Maillard.^  The  former  method  has  already  been 
given  in  another  connection.^  The  modification  consists  in  washing  the 
chloroform  extract  with  an  equal  volume  of  o.i%  sodium  hydroxide  and 
removing  the  adherent  alkali  by  careful  washing  with  distilled  water. 
From  this  point  the^Ellinger  procedure  is  followed.  The  ethereal  sulfates 
were  determined  by  Folin's  procedm-e. 

Experimental. 
First  Experiment. — ^This  experiment  was  divided  into  three  periods,  a 
preliminaryl^period  of  three  da3rs,  a  water  period  of  five  days,  and  a  final 
period  of  two  days.  A  uniform  diet  was  ingested  throughout  the  study, 
with  the  exception  that  the  water  ingestion  of  each  day  of  the  water  period 
was  increased  by  three  liters,  taken  at  meal  time,  one  liter  with  each  meal. 
The  water  was  a  freshly  softened  water.  Data  from  this  experiment  are 
given  in  Table  I. 

TabLB  I.  KMnOi 


KMn04  totn.     to  titrate 

In  tttratfaf     tiM  tntirc  fadtaiii 
40  cc  of  the        ori&e  output 

Urine,    derifted  eem^  Tohunti.  per  dnj. 
Dey.                                                         Cc                Cc                 Cc.  Mf. 

PreUminaiy  Period  (3  Days). 

1 830            5.90  135.3  35.^ 

2 920            6.70  168.5  44.1 

3 880            4.50  107.8  28.4 

Avoage 877  5-70  137-2  3^-o 

Water  Period  (5  Days). 

4.  •.• 3440  3.50  112.8  29.7 

5 3840  360  125.8  33.1 

6 3670  2.90  96.8  25.4 

7 3610  3.05  99.9  26.3 

8 4020  2.85  104.2  27.4 

Average 3716  3- 18  107.9  28.3 

Pinal  Period  (2  Days). 

9 1590  6.65  290.9  76.5 

10 885  9.83  237.6  62.5 

Average 1237  8.24  264.2  69.5 

An  examination  of  the  last  column  in  Table  I  will  serve  to  show  that 
the  average  output  of  indican  for  the  preliminary  period  was  36.0  mg.  per 
day.  During  the  five-day  interval  of  high  water  ingestion  this  vahie  was 
reduced  to  a  daily  average  of  28.3  mg.  It  is  evident,  therefore,  that  the 
drinking  of  one  liter  of  softened  water  with  each  meal  for  a  period  of  five 
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days  caused  a  lessening  of  the  processes  of  intestinal  putrefaction  as 
measured  by  the  urinary  indican  excretion. 

Second  ExperifnenL — ^This  experiment  was  divided  into  five  periods,  a 
pfeKnunary  period  of  6-8  days,  a  moderate  water  period  of  ten  days,  an 

TaBLB  II. — ^IMDICAN  AND  BTHBRBAL  ScTU^ATSB. 

Subject  C. 

BUiereal  ,5^ 

Day                                                                 Cc         Specific       fulphatet  indlcMn  am 
ofcspL                                                             urine.       gravity.           Mg.             Mg.     Indican — SOs. 

Preliminary  Period. 

5 620        1.032        153.8  27.2  17.73 

6 615         1.033        153.8  23.4  20.62 

Average 618        1.033        153-8  ^5>3  i9-i7 

Moderate  Water  Period. 

1 995        1. 019        24.3  20.2  3.7S 

2 1465        1. 014          16.9  24.4  2.1S 

3 1215        X.015          98.1  31.2  9.66 

4 1620        X.012        142.6  15.4  29.16 

5 2040        x.oxo        172.6  28.1  19.24 

6 2050        X.009        108.9         9.2  37.04 

7 1800         I. on         137-5          5-3  80.99 

8 2230         i.oio          7B.0  29.6  8.29 

9 2330         1.009         171 -6  22.2  24.20 

10 1930        I.OIO        206.0  27.9  23.17 

Average 1767        1012        115. 6  21.3  23.79 

Itttennediate  Period. 

1 860        1.023        170.9  22.3  24.04 

2 675        1.038        130. X  27.3  14.97 

3 700        1.030         76.9  26.6  9.07 

4 770        1.028         69.8  16. 1  13.56 

5 7x0        X.027        1x8. 5  13.8  26.96 

Averefe 743        1029        113. 2  21.2  17.72 

Copious  Water  Period. 

1 2900        X.008        128. o  14.9  26.99 

2 2670        X.007        155.7  13.8  35.34 

3 3360        1.007        1749  x6.8  32.71 

4 3210        1.007        1540  15.3  31.64 

5 3300        1.006        152.8  16.8  28.53 

Average 3088        1.007        i53.i  15.5  3104 

Pioal  Period. 

1 920        1.023        219.2  20.6  33.37 

2 820        1.024        183.8  24.6  23.45 

3 835        1.024        209.6  30.1  21.85 

4 810        1.026        132.2  24.6  16.89 

3 850        1.026        139.9  22.2  19.74 

Average 847        1.025        176.9  24.6  23.06 
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intermediate  period  of  five  days,  a  copious  water  period  of  five  days  €uid 

a  final  period  of  five  days.  Two  subjects  were  employed  and  the  water 
used  was  distilled  water.  A  uniform  diet  was  fed  and  ^^as  supplemented 
by  an  increase  of  500  cc.  in  the  water  ingestion  of  each  meal  of  die  moderate 

TaBLS  III. — ^INDICAN  AMD  BtBaUKAL  SUUMkTSS. 

Subject  V. 

Bthema  -^ 

Dny                                                          Cc.          Specific       talfstM.  Indican.  ^'"' 
ofexp.                                                     wine.       gravity.           Mf.              Mg.     Indk— — Od, 

Preliaiiiiaiy  Peciod. 

7 665        1.029  ...  64.7 

8 690        1.029  ...  79.7 

Average 677        1.029  ...  72.2 

Motemte  Water  Peckid. 

1 2110        1.008         91.2  60.6  4.74 

2 ! 2210        1.009          81.5  62.2  4.12 

3 1620        1. 012        112. 1  53.7  6.56 

4 X970        1.008        221.4  70.8  9.82 

S 8380        1. 008        H8.5  89.6  4.14 

6 8550    X.008    235.5  83.1  8.88 

7 8165    1.008    247.8  90.6  8,57 

8 8635    1.007    121. 1  90.3  4.21 

9 8205    1. 010    182.0  89.3  6.40 

10 8410    1.007    200.0  93.6  6.72 

Average 8254    1.009    154-4  79-8  6.04 

Iitteitneilkte  Period. 

1 1230        1.016          66.8  71.5  2.92 

2 1025         1.020        1350  81.3  5.21 

3 'looo        1.020        227.3  78.9  9,04 

4 1195        1. 017        179. 1  81.6  6,90 

5 1670        1.015        180. 1  73.6  7,69 

Average 1224        1.018        157.7  77.4  6.35 

Coptotis  Wtfter  Period. 

1 3400        1.005       322.2  68.5  14.75 

2 3140        1.005        no. 7  74.0  4.68 

3 3600   1.006   211. 1  60.8  10.89 

4 3?6o    1.006    165. 1  76.9  6.75 

5 3660        1.006        184.5  64.7  8,95 

Average 353^         1.006         198.7  64.9  9.20 

Final  Period. 

1 920         1. 021         207.9  99-1  6.59 

2 1240         1.017         203.8  99.8  6.40 

3 835         1.024         151.5  95.3  4.99 

4 815         1.022         170.9  84.5  6.34 

5 1010         1.020         156.0  85.0  5.74 

Average 9^        1.021        178.0  92.7  6. ox 
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water  period  and  an  increase  of  850  cc.  in  the  water  ingestion  of  each 
meal  of  the  copious  water  period. 

The  data  from  this  experiment  are  given  in  Tables  II  and  III.  From 
an  examination  of  Table  II  it  will  be  seen  that  subject  C  excreted  25.3  mg. 
of  indican  per  day  during  the  preliminary  period.  The  ingestion  of  a 
moderate  volume  (500  cc.)  of  water  at  each  meal  reduced  this  indican 
value  slightly  (21.3  mg.),  whereas  the  ingestion  of  a  larger  volume  of  water 
(850  cc.)  at  each  meal  caused  a  more  pronounced  drop  in  the  indican 
value,  as  is  shown  by  an  average  daily  output  of  15.5  mg.  for  the  copious 
water  period.  An  examination  of  Table  III  will  show  that  the  minimum 
indican  value  for  subject  V  was  also  secured  during  the  period  of  high 
water  ingestion.  In  each  instance  the  water  evidently  caused  a  decrease 
in  the  putrefactive  processes. 

It  is  interesting  that,  coincidently  with  the  most  pronounced  decrease 
in  the  excretion  of  indican,  i.  e.,  during  the  period  of  copious  water  intake, 
there  was  a  correspondingly  pronounced  increase  in  the  ethereal  sulfate 
output.  This  failure  of  the  indican  and  total  ethereal  sulfate  values  to 
run  parallel  has  been  previously  discussed  by  ourselves*''  and  others. • 
Such  observations  furnish  strong  evidence  in  favor  of  the  current  belief 
that  indican  has  a  different  origin  from  the  other  ethereal  sulfate. 

Discussion. 

The  data  herewith  submitted  indicate  that  the  ingestion  of  water, 
either  distilled  or  softened,  is  accompanied  by  a  decrease  in  the  processes 
of  intestinal  putrefaction.  The  examination  of  the  stools  from  these 
same  subjects  has  shown  that  the  output  of  fecal  bacteria  was  also  de- 
creased during  the  periods  of  high  water  intake.*'  '  The  logical  conclusion, 
therefore,  would  appear  to  be  as  follows:  The  ingestion  of  the  large 
volume  of  water  stimulated  the  flow  of  a  gastric  juice  of  increased  acid- 
ity.*' •»  *®  The  acid  chyme  upon  its  entrance  into  the  intestine  inhibited 
the  activity  of  the  indole-forming  bacteria  thus  causing  a  decreased  out- 
put of  indol  and  consequently  a  decreased  indican  excretion.  The  fact 
that  a  high  water  intake  is  accompanied  by  better  digestion  and  absorption 
of  the  ingested  protein^,  **  would  cause  the  protein  residues  in  the  intestine 
to  be  lessened  in  amount,  thus  reducing  the  quantity  of  material  available 
for  the  growth  and  development  of  the  bacteria  in  question.  Hence  the 
lowering  of  the  putrefactive  processes  would  naturally  be  accompanied 
by  a  decrease  in  the  development  of  the  intestinal  flora  and  a  consequent 
drop  in  the  fecal  bacteria  values. 

So  far  as  the  data  from  the  present  investigation  are  concerned,  it  is 
evident  that  distilled  and  softened  water  are  equally  efiicient  in  causing 
a  decrease  in  the  processes  of  intestinal  putrefaction. 

Many  objections  have  been  raised  against  the- practice  of  drinking 
distilled  water.    Most  of  these  objections  we  believe  to  have  t)ut  slight 
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foundation  in  fact.  According  to  Findlay^'  t]ie  ingestion  of  distilled  water 
is  followed  by  the  swelling  of  the  surface  layers  of  the  epithelium  of  the 
stomach,  due  to  the  passage  of  water  into  the  cells  because  of  the  difference 
in  osmotic  pressure.  The  cells  finally  die,  are  cast  off  and  catarrh  of  the 
stomach  may  result.  Koeppe^^  and  Harlow^^  have  expressed  somewhat 
similar  ideas,  whereas  Nocht"  and  Winkler"  dte  instances  showing  pro- 
longed drinking  of  distilled  water  to  have  been  unaccompanied  by  any 
serious  consequences.  Recently,  Oehler^'  claims  to  have  produced  hemo- 
globintu-ia  in  white  mice  by  the  introduction  of  distilled  water  into  the 
stomach.  We  are  rather  skeptical  as  to  the  possibility  of  producing 
hemoglobintuia  in  any  such  manner.  That  hemoglobinuria  will  follow 
the  introduction  of  distilled  water  into  the  circulation  is  well  known.  It 
is,  however,  rather  surprising  that  the  introduction  of  distilled  water  into 
the  stomach  should  cause  such  a  phenomenon.  As  soon  as  distilled  water 
reaches  the  stomach  it  ceases  to  be  distilled  water,  due  to  the  fact  that  it 
at  once  takes  unto  itself  various  electrolytes  which  are  present  in  the  food 
and  digestive  juices. 

We  have  shown  that  even  the  prolonged  ingestion  of  large  volumes  of 
distilled  water  over  a  long  period  of  time  was  not  accompanied  by  the  pro- 
duction of  any  observable  catarrhal  affection  of  the  gastric  mucosa.  This 
observation  was  made  in  connection  with  a  fasting  dog  which  received 
700  cc.  of  distilled  water  daily  for  a  period  of  104  days."  No  evidences 
of  catarrh  of  the  stomach  were  apparent.  Certainly,  if  distilled  water 
was  able  to  produce  this  type  of  disorder,  here  was  an  excellent  oppor- 
tunity. There  was  no  food  ingested  for  104  days  and  consequently  no 
electrol3rtes  from  this  source  to  lessen  the  harmful  (?)  influence  of  dis- 
tilled water  to  which  various  authors  have  referred. 

Conclusions. 
Both  softened  and  distilled  water  when  taken  with  meals  in  volumes 
ranging  from  500  cc.  to  1000  cc.  have  a  t^idency  to  cause  a  decrease  in  the 
putrefactive  processes  in  the  intestine  as  indicated  by  the  urinary  indican 
excretion. 

The  non-parallelism  of  the  indican  and  total  ethereal  sulfate  elimination 
was  again  observed. 
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ical School.) 

A  PEPETTOMBTER. 

By  W.  D.  Feost. 
Received  June  16.  1914. 

The  pipettometer  is  a  new  piece  of  apparatus  for  measuring  out  precise 
amounts  of  fluids  without  the  use  of  graduated  pipets.  It  was  originally 
intended  for  work  in  the  bacteriological  laboratory  but  will,  no  doubt, 
be  found  of  interest  to  those  working  in  other  laboratories,  such  as  those  of 
chemistry,  physics  and  medicine. 

It  consists  essentially  of  an  upright  graduated  glass  tube  with  an  upper 
side  arm  to  which,  by  means  of  a  piece  of  rubber  tubing,  ungraduated 
glass  pipets  may  be  readily  attached.  At  the  lower  end  of  this  graduated 
tube,  another  tube  is  attached  by  means  of  a  flexible  rubber  joint.  This 
tube  has  a  bulb  at  the  outer  end  and  is  so  arranged  that  the  bulb  end  can 
be  readily  raised  or  lowered.  The  upright  tube  and  this  movable  arm  with 
bulb  are  partially  filled  with  mercury.  The  whole  apparatus  is  supported 
on  a  wooden  or  metal  frame  which  is  so  attached  to  a  ring  stand  that  its 
height  can  be  varied.  By  moving  the  bulb  up  or  down,  the  height  of 
mercury  column  in  the  graduated  upright  can  be  raised  or  lowered.  When 
the  mercury  is  lowered  in  this  tube,  the  pipet  draws  up  the  fluid  into 
which  its  tip  is  immersed  and  when  it  is  raised  the  fluid  is  forced  out. 
The  amount  of  fluid  taken  up  or  discharged  is  measured  by  reading,  the 
position  of  the  mercury  in  the  graduated  upright. 

The  details  of  the  construction  and  the  use  of  the  pipettometer  can  best 
be  understood  by  reference  to  the  accompanying  figure. 

A  is  the  wooden  or  metal  support  with  its  short  arm  on  the  top  and  left  C, 
while  B  is  the  longer  arm  on  the  right,  hinged  at  the  bottom.  The  whole 
is  supported  on  a  ring  stand,  D,  to  which  it  is  held  by  the  screw  clamps  ff. 
Mounted  on  this  frame  is  the  bent  glass  tube  abed,  with  a  flexible  joint 
at  c  and  a  bulb  at  d. 

When  the  arm  B  is  moved  up  to  position  I,  the  mercury  stands  at  i.o, 
and  when  it  is  lowered  to  II  the  mercury  stands  at  o.    A  graduated  pipet, 
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gf  is  attached  at  a  and  the  arm  B  is  raised  to  I.    A  vessel  containing  the 
fluid  to  be  drawn  into  it  is  brought  to  the  point  of  the  pipet  and  the  arm 

B  is  lowered  to  II.    In 
this   way,    the    fluid  is 
drawn  into  the  pipet  g. 
It  can  then  be  disdiarged 
in  whole  or  in  part  by 
slowly  raising  the  armB. 
The  amount  discharged 
is  indicated  on  the  soak. 
The  graduations  on  the 
scale  must   be  carefully 
made.    This  can  be  done 
by  drawing  water  into  g 
and  then  discharging  it 
and  weighing  it  on  a  fine 
balance.      In    this   way 
the  0.5  and  i  cc.  points 
U  can  be  determined.     It 
will  be  accurate  enough 
for    ordinary    work    to 
mark  off  the  intervening 
points.     At  first  thought 
it  might  be  supposed  that 
all  that  it  would  be  neces- 
sary to  do  would  be  to 
put  a  carefully  graduated 
pipet   in    the   system   between    b   and   c   but   a    little    reflection    will 
show   that  this  would   not   be   accurate,    because   the   weight    of   the 
fluid    in    the    pipet    rarefies    the    column  of  air  between  the  fluid  in 
the  pipet  and  of  the  column  of  mercury,  so  that  not  quite  the  proper 
amount  of  fluid  is  taken  up.    When,  however,  the  graduations  are  once 
obtained,  it  is  then  possible  to  meastu-e  any  fluid  very  accurately  if  it 
has  practically  the  same  specific  gravity  as  the  fluid  used  to  make  the 
graduations. 

The  apparatus  was  originally  made  to  handle  i  cc.  lots  and  it  was  found 
that,  with  a  little  practice,  measured  quantities  could  be  handled  as  quickly 
and  accurately  as  with  graduated  pipets. 

The  tube  be  can  be  replaced  by  a  very  small  tube,  in  which  case  hun- 
dreths  of  a  cubic  centimeter  can  be  easily  measured.  Or  it  can  be  re- 
placed by  tubes  of  greater  capacity  which  arrangement  makes  it  con- 
venient for  measuring  amounts  of  10  cc.  or  more. 
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It  can  be  used  for  handling  poisonous  or  infectious  material  with  great 
sadsfaction,  and  can,  furthermore,  be  readily  used  to  calibrate  pipets. 

Madhov,  Wd. 


[Contribution  prom  the  Wolcott-Gibbs  Mbmorial  Laboratory  op  Harvard 

Univbrsity.  ] 

AW  ADVANTAGEOUS   FORM  OF  STILL  FOR  THE   EXACT 

MEASUREMENT  OF  BOILING  POINT  DURING 

FRACTIONAL  DISTILLATION. 

Bv  Thbodors  W.  Richards  and  Frbdskick  Barrv. 
Received  June  8.  1914. 

In  the  course  of  a  recent  investigation  on  the  heats  of  combustion  of 
liquid  hydrocarbons,  it  was  needful  to  prepare  certain  of  these  substances 
in  a  very  high  degree  of  purity,  and  at  the  same  time  in  considerable 
quantity.  For  this  work  it  was  necessary  to  determine  exact  boiling 
points,  and  an  advantageous  form  of  still  was  devised,  which  proved 
itself,  especially  in  this  respect,  more  efficient  than  any  of  the  apparatus 
now  in  common  use.  This  still,  because  of  its  simplicity  and  usefulness, 
and  because  it  does  not  appear  to  have  been  proposed  before,  seems  to 
the  authors  to  merit  separate  brief  description. 

In  the  accompanying  drawing,  two  forms  of  the  instrument  are  shown. 
Fig.  I  represents  the  type  first  constructed:  of  this  the  other  is  a  simple 
modification.  A  glance  will  show  the  immediate  purpose  of  the  device. 
The  still  was  designed  to  hold  a  sensitive  Beckmann  thermometer,  so 
that  very  small  fluctuations  in  the  boiling  point  of  the  liquid  under  ex- 
amination could  be  accurately  observed,  and  the  boiling  point  of  the 
purest  distillate  precisely  determined  by  a  comparison  with  a  standard 
vapor  of  neighboring  known  boiling  point.  The  still  not  only  served 
this  purpose  admirably,  but  proved  itself  (as  had  been  expected)  a  very 
effective  instnunent  for  fractionation,  without  being  further  modified. 

It  consists  essentially  of  a  flask,  of  any  desired  capacity  within  prac- 
ticable limits,  to  which  a  side  tube  is  attached,  the  latter  being  held  parallel 
to  the  neck  of  the  flask,  and  connected  with  it,  by  two  smaller  tubes  at 
the  top  and  bottom.  The  upper  of  these  (which  serves  to  carry  the  out- 
ginng  vapor)  communicates  directly  with  the  upper  end  of  the  flask- 
neck;  while  the  lower  tube,  which  serves  to  return  the  prematurely  con- 
densed liquid  to  the  flask,  is  a  constricted  continuation  of  the  side  tube 
itself,  and  is  bent  into  a  shallow  U,  fused  into  the  flask-neck  a  few  centi- 
meters above  the  bulb.  The  relative  positions  and  sizes  of  these  tubes 
arc  ^own  in  the  drawing  (Fig.  i).  The  lower  connecting  U-tube  should 
be  very  narrow  in  diameter,  and  bent  in  such  a  way  that  the  orifice  at 
the  flask-neck  is  not  much  more  than  the  tube's  diameter  above  its  lowest 
point,  so  as  to  minimize  the  amount  of  dead  space  which  can  hold  ^nd 
thereby  waste  the  liquid  being  distilled. 
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The  vertical  side  tube  is  left  open  at  the  top,  where  it  is  constricted 
to  such  a  diameter  that  it  will  receive  and  hold  closely  the  shell  of  die 
Beckmann  thermometer  at  a  point  near  the  zero  mark.  No  cork  should 
be  used;  the  thermometer  may  easily  be  made  to  fit  without  grinding 


Fig.  I.  Fig.f2. 

closely  enough  to  prevent  the  escape  of  vapor,  for  a  liquid  seal  will  collect 
in  the  annular  space  at  this  point.  If  necessary,  a  packing  of  clean  as- 
bestos fiber  will  make  the  closure  sectu^.  With  hygroscopic  liquids, 
of  course,  the  thermometer  must  be  fitted  into  place  with  a  ground  joint 
The  delivery  tube  should  be  wide,  and  should  be  bent  upward  at  the 
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point  wbere  it  leaves  the  side  tube,  so  as  to  cause  condensed  liquid  from 
the  bulb  of  the  thermometer,  or  from  the  walls,  to  flow  back  into  the 
flask,  and  not  into  the  condenser.  A  mirror  of  tinfoil  to  prevent  radiation 
may  advanti^ously  be  bound  arotmd  the  side  tube  so  as  to  surround 
the  thermometer  bulb;  and  the  whole  of  this  tube  as  well  as  the  upper 
connecting  tube  should  be  encased  in  a  thick  shell  of  asbestos. 

When  liquid  is  boiled  in  this  apparatus,  there  is,  of  course,  an  almost 
complete  reflux  condensation  until  the  tubes  reach  the  temperattu-e  of 
ebullition.  In  full  operation,  the  distillation  should  be  not  rapid,  but 
very  steady.  All  that  condenses  before  the  delivery  tube  is  reached  re- 
turns to  the  flask  through  the  narrow  lower  connecting  tube,  and  only 
that  part  which  still  remains  as  vapor  after  the  long  journey  passes  out 
into  the  condenser.  No  stream  of  superheated  vapor  can  rise  around 
the  thermometer,  nor  direct  spatterings  from  the  liquid  impinge  upon 
it.  When  the  tubes  are  well  insulated  thermally,  the  irregular  motions 
imparted  to  the  vapor-stream  by  the  shape  of  the  tubes  seem  to  be  sufiicient 
to  render  the  vapor  thermally  homogeneous  when  it  reaches  the  ther- 
mometer bulb.  Here  the  presence  of  both  vapor  and  liquid  in  approxi- 
mate equilibrium  enables  tiie  temperature  at  the  moment  of  egress  into 
the  condenser  to  be  accurately  determined. 

The  essential  feature  of  the  apparatus  is  the  fact  that  in  it  the.  whole 
uncertain  stem  of  the  thermometer,  practically  up  to  the  zero  of  the 
Beckmann  scale,  is  kept  really  at  the  temperattu-e  of  the  vapor.  The 
importance  of  this  precaution  in  determining  any  exact  temperature  with 
the  Beckmann  thermometer  can  hardly  be  overestimated.  The  degree 
of  uncertainty  introduced  by  a  merely  partial  heating  of  the  lower  tube 
of  this  instrument  may  be  very  great.  Moreover,  the  bulb  of  the  ther- 
mometer is  exactly  opposite  the  exit  tube  into  the  condenser,  so  that  the 
thermometer  indicates  the  true  temperattu-e  of  the  vapor  which  is  actually 
being  condensed,  as  nearly  as  possible.  In  these  respects  it  is  very  different 
from  the  Claisen  form. 

Another  modification  of  the  same  type  of  still  is  seen  in  Pig.  2.  This 
is  intended  for  use  with  small  Anschfitz  thermometers;  it  is  like  the  first 
modification  except  for  the  addition  of  a  hooked  glass  stopper  to  the 
side  tube,  and  the  inserting  of  mica  windows  into  the  asbestos  shell  around 
this  tube.  When  liquids  are  to  be  distilled  which  leave  much  insoluble 
residue,  another  stopper  on  the  neck  of  the  flask  itself  facilitates  cleaning, 
but  this  is  not  necessary.  Electric  heating  by  an  immersed  platiniim 
coil^  is  practicable,  and  with  non-conducting  liquids  advantageous.  The 
use  of  platinum  scrap,  fragments  of  porcelain,  or  the  like  to  introduce  the 
gaseous  phase  into  the  body  of  the  liquid  is,  of  course,  advisable;  but 
^See  Richards  and  Mathews,  Proc.  Am.  Acad.,  43,  21  (1908);  also  Beckmann, 
Z.  physik.  Chem.,  64,  506  (1908). 


Digitized  by  VjOOQIC 


I790  THEODORQ   W.   RICHARDS  AND  PREDBRICK  BARRY. 

except  in  order  to  prevent  violent  bumping,  such  {H'ecautions  are  less 
necessary  than  with  the  simple  boiling  flask.  In  our  work  the  flask  was 
usually  heated  with  the  naked  flame,  which  gives  less  trouble  from  super- 
heating than  a  more  evenly  distributed  source  of  heat  of  lower  tempera- 
ture. 

To  prevent  irregular  cooling  from  the  outside,  especially  when  high 
boiling  liquids  were  being  distilled,  the  whole  still,  together  with  the  burner 
beneath,  was  enclosed  in  a  cylindrical  asbestos  box,  or  air-bath,  through 
which  only  the  outlet  tube  and  the  stem  of  the  thermometer  protruded. 
By  proper  manipulation  of  the  flame,  or  with  the  help  of  a  second  lamp, 
the  whole  system  could  be  kept  at  a  sufiScient  ccmstant  temperature, 
while  through  a  mica  window  in  the  protecting  jacket  the  boiling  liquid 
could  be  watched. 

An  example  of  the  progress  of  a  typical  case  will  show  the  eflSdency 
of  the  apparatus.  Five  hundred  cubic  centimeters  of  a  good  commercial 
toluene  were  fractionated,  six  fractions  being  collected  in  each  distillation 
and  each  of  these  fractions  distributed  into  &x  others  in  the  following. 
After  six  such  complete  distillations,  the  final  product,  130  cc.  in  volume, 
redistilled  within  an  interval  of  0.02^,  although  the  original  range  of 
boiling  point  was  at  least  fifty  times  as  great.  Two  more  fractionations 
of  a  half  of  this  material  yielded  40  cc.  of  a  product  which  distilled  within 
a  range  of  less  than  o.oi  ®  under  barometric  presstu-e  constant  during  the 
time  of  distillation;  and  very  nearly  all  of  this  purer  material  redistilled 
over  the  same  range.  By  immediate  immersion  of  the  warm,^  dry  bulb 
of  the  standardized  Beckmann  thermometer  (which  had  a  range  ol  20^) 
into  a  carefully  regulated  steam  bath,  the  differen<;:e  between  the  two 
boiling  points  of  toluene  and  water  was  thus  measured,  and  the  boiling 
point  of  the  toluene  determined  to  within  0.01  ^. 

Although  no  daim  is  made  that  this  sort  of  still  is  more  efficient  than 
some  of  the  other  forms,  it  is  seen  to  possess  advantages  with  regard  to 
exact  thermometry  not  possessed  by  any  other  usual  form.  Moreover, 
stills  of  this  type  will  be  found  to  be  not  only  sufficiently  effective  in  opera- 
tion (as  is  evidenced  by  the  data  just  quoted),  but  also  convenient  in  use. 
They  are  uncomplicated  in  design,  and  are,  therefore,  inexpensive.  They 
are  not  cumbersome,  and  are  easy  to  handle.  If  properly  made  they  are 
by  no  means  fragile,  and  will  not  crack  at  the  joints  if  they  are  gradually 
heated  with  ordinary  precaution,  and  if  no  cold  liquid  is  put  inta  them 
while  they  are  hot.  Made  of  Jena  glass,  they  are  very  resistant  to  fracture 
by  irregular  heating;  made  of  silica,  they  can  be  used  at  high  tcmpera- 
tiu-es  still  more  safely ;  and  they  may  be  used  with  resistance  thermometers 
if  desired.  They,  may  easily  be  cleaned  and  are  much  more  practicable 
^  The  thermometer  was  allowed  to  fall  just  below  loo?  SQ.that  the. boiling  point 
of  water  should  be  read  on  a  rising  thread. 
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than  some  of  the  more  complicated  still  heads.  Distillations  from  this 
apparatus  are  also  acoompaoied  by  little  k)ss,  because  the  surface  d  con- 
densatioo  is  small,  and  the  liquid  retained  by  the  U-tube  may  be  reduced 
to  a  very  sUg^t  amount  by  constricting  its  diameter.  But  the  most 
importattt  object  of  the  apparatus,  as  already  stated,  is  the  exact  determina- 
tion of  tiie  boiltng  point  of  the  actual  distillate. 


NBW  BOOKS. 
in  tenonl  Chsailstiy.    Deitgned  especiaUy  lor  use  with 
8to4dard't  I]itrodttctio&  to  General  Chemistry,    aa  pp.    Narthsmpton,  Mass.: 
Gazette  Printing  Co.,  19 13.    Price,  30  cents. 

This  QoUection  indudes  159  experiments,  about  two-thirds  being  de- 
voted to  the  nonmetallic  elements.  These  are  followed  by  a  brief  treat- 
ment of  the  metals,  indnding  simple  directions  for  their  identification. 
The  Jast  eight  experiments  ^ue  quantitative.  All  of  the  e]q>eriments  are 
well  sdected  and  the  4irections  tp  the  student  ax£  brief,  even  meagre. 
Some  mndifiration  of  the  order  is  xiesirable,  but  this  is  easily  accomplished 
since  the  loose-leaf  plan  is  employed.  The  colleotioa  is  well  suited  for 
use  an  the  smaller  laboratories.  B.  S.  Hopkins. 

Handhuch  der  Mineraichemie,  Vol.  II,  No.  s  (Bogen  41-53}  witii  Titelbogen.    Dosltbr, 
ei  a/.     Diesdeii  and  Leiprig:    Tlieodor  Steinkopff.    Prioe,  M.  9.10. 

Mineralochemie  in  the  modem  sense  is  only  just  emerging  from  min- 
eralogy, and  that  only  at  certain  points.  The  mass  of  our  knowledge 
pertaining  to  minerals  is  still  practically  unchanged  in  form  since  a  much 
earlier  day.  The  present  volume  is  peculiarly  arid  in  that  it  deals  with 
matter  which  has  been  practically  tmtouched  by  modem  ideas.  There 
are  a  few  hydrous  silicates,  the  role  of  water  in  which  has  been  experiment- 
ally studied,  and  there  are  some  S3mthetic  data  on  the  silicates  of  copper, 
lead,  and  zinc,  but  they  are  mostly  of  a  fragmentary  sort,  made  without 
much  regard  for  physical  conditions  or  chemical  relations.  A  great  many 
pages  are  devoted  to  jade  and  nephrite;  there  are  long  tables  of  analyses 
and  many  physical  constants,  the  latter  probably  determined  not  infre- 
quently, as  was  the  habit  of  the  earlier  physicists,  on  material  of  unknown 
composition;  but  of  mineral  chemistry  there  is  practically  none.  How- 
ever, the  editors  should  not  be  blamed  for  omitting  what  does  not  as  yet 
exist.  E.  T.  Allen. 

Pkaktiknm  der  Waaaenrntersucfaimg.    By  Prof.  Dr.  O.  EMMBRLnvG.    GebrAder  Bora- 
tfaeger,  Berlin,  1914.    Price,  7  mk.,  20  pfg. 

This  little  book  of  approximately  200  pages  covers  the  entire  field  of 
chemical,  biological,  microscopical,  and  bacteriological  water  examination, 
in  a  very  clear  and  concise  manner.    The  ''chemical  examination"  in- 
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dudes  also  determinations  of  electric  conductivity,  gas  analysis  and  bio- 
logical oxygen  consumption.  One  chapter  is  devoted  to  the  examination 
of  mineral  water  and  the  determination  of  the  radioactivity.  The  chapter 
on  the  examination  of  sewages  deals  with  the  determinations  of  oxygen, 
hydrogen  sulfide  and  iron  sulfide,  putresdbility,  phosphoric  add,  organic 
carbon,  the  nitrogenous  constituents,  etc.  The  most  important  imparities 
in  trade  wastes  are  thoroughly  discussed,  and  methods  for  the  determina- 
tion of  some  of  the  impurities  given.  The  biological-microscopical  part 
of  the  book  is  excellently  treated,  and  represents  the  latest  views  of  the 
German  school.  The  Germans  have  developed  this  fidd  in  a  mamier 
hardly  appreciated  by  the  majority  of  the  American  water  and  sewage 
chemists.  This  part  of  the  book  in  particular  is  profusely  illustrated. 
The  illustrations  are  of  a  high  order  and  are  present  in  suffident  numbers 
to  fulfill  the  needs  of  the  routine  water  and  sewage  diemist.  Hie  organ- 
isms are  divided  into  three  dasses,  representing  the  different  stages  of 
self-purification.  The  organisms  diaracteristic  of  eadi  stage  are  »mmer- 
ated.  The  German  method  of  collection  and  enumeration  of  fdankton  is 
likewise  given.  The  last  chapter  deals  with  the  routine  bacterial  examina- 
tion of  waters  and  the  preparation  of  media.  A  short  interpretation  of 
the  results  obtained  by  the  chemical  analysis  and  a  discussion  of  the 
German  laws  dealing  with  the  sanitary  qualities  of  the  water  and  the  pre- 
vention of  stream  pollution  are  appended.  Akthur  Ledb&BR. 
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THE    ELECTRO-TITRAMETRIC    METHOD  AlfD    TTS  APPLICA- 
TION TO  GENERAL  ANALYTICAL  CHEMISTRY. 

Bt  p.  H.  Hbsssunk  van  Sucbtsx,8n  and  Akao  Itano. 
Received  June  23.  1914. 

Since  the  time  of  the  first  use  of  the  empirical  normal  solutions  of  Gay- 
Lussac  and  the  introduction  of  present  normal  solution  of  Ure,  volu- 
metric analysis  has  never  received  such  a  strong  impulse  as  that  through 
the  application  of  physical  chemistry.  This  is  especially  true  for  the  volu- 
metric determinations  of  adds  and  bases,  in  so  far  as  'the  nature  of  neu- 
tralization is  now  clearly  understood.  Our  knowledge  of  the  role  which 
indicators  may  play  in  neutralization  has  been  increased  in  recent  years 
very  markedly  by  the  introduction  of  the  dissociation  theory.  We  do 
not  consider  that  this  is  the  place  to  go  into  a  discussion  of  indicators, 
but  it  will  suffice  to  say  here  that  with  the  knowledge  of  the  necessary 
facts,  especially  of  dissociation  constants,  we  may  occasionally  predict 
whether  an  indicator  is  appUcable  in  a  special  case  or  not. 

In  spite  of  the  fact  that  in  recent  times  the  theoretical  knowledge  of 
the  color  indicators  has  been  considerably  increased,  and  here  and  there 
practical  appUcations  drawn  from  those  principles  have  been  made, 
there  are  still,  as  every  analytical  chemist  knows,  many  embarrassing 
and  tmmanageable  difficulties  to  contend  with. 

We  can  only  touch  upon  a  few  of  those  difficulties.  For  instance,  the 
personal  equation  which  can  cause  an  error  of  i  cc.  in  a  o.oi  A/^  solution, 
and  further  the  difficulty  encountered  with  a  liquid  which  possesses  a 
color  that  may  interfere  with  the  recognition  of  the  indicator,  and  those 
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complications  which  may  arise  in  the  case  of  very  dilute  solutions.  These 
are  only  a  few  of  the  reasons  why  the  application  of  indicators  in  the 
general  anal3rtical  field  of  chemistry  is  rather  limited.  It  is  therefcne  not 
tmexpected  that  attempts  have  been  made  to  overcome  these  difficulties 
by  the  introduction  of  another  type  of  indicators  which  are  dependent 
on  and  indicative  of  the  physico-chemical  changes  in  the  solution. 

W.  Bdttger^  some  years  ago,  in  the  case  of  colored  or  turbid  solutions 
in  which  the  change  of  color  of  an  indicator  would  be  more  or  less  masked, 
recommended  the  use  oi  the  electrometer.  It  must  be  said,  however, 
that  determinations  with  this  instrument  are  more  laborious  and  that 
such  measurements  are  less  familiar  to  chemists  than  the  determination 
of  conductivity.  It  is  the  merit  of  Ktister'  and  his  associates  to  have 
shown  that  such  titrations,  which  cause  great  diffictdty  and  uncertainty, 
could  be  made  with  a  high  degree  of  accuracy  if,  instead  of  depending 
on  the  change  of  color,  use  was  made  of  the  change  of  physical-chemical 
property  (electrical  conductivity)  of  the  liquid  by  the  process  of  neutral- 
ization. We  may  conclude  from  their  work  that  the  point  of  neutrality 
between  strong  adds  and  bases  can  be  determined  much  more  exactly 
by  conductivity  methods  than  by  the  use  of  indicators.  Also,  if  weak 
adds  were  used,  as  for  example  tartaric  and  acetic  adds,  which,  as  iswell 
known,  have  caused  so  many  difficulties  by  the  ordinary  titration  method, 
sharp  and  good  results  were  obtained  by  the  use  of  the  conductivity 
method.  The  point  of  neutralization  of  red  wine  by  means  of  the  con- 
ductivity determination  was  much  more  definite  than  if  determined  by 
titration  with  litmus.  The  attempt  was  also  made  by  them  to  titrate 
four  quinine  derivatives  by  the  dectro-conductivity  method  with  good 
success.  Further,  Duboux  aind  Dutoit*  have  used  this  conductivity 
titration  in  many  of  their  spedal  researches  in  wine  analysis.  From  their 
interesting  work,  which  treats  especially  the  organic  adds  in  wine,  we  may 
say  that  the  conductivity  titration  has  proved  here  also  to  be  a  very 
successful  and  hdpful  aid  in  chemical  analysis. 

The  preparation  of  exact  anmionium  dtrate  solution,  which  previously 
gave  rise  to  difficulties,  has  been  solved  by  the  application  of  the  above 
mentioned  method  by  Hall  and  Bell,^  who  showed  by  this  method  an  ex- 
actly neutral  solution  of  ammonium  dtrate  was  easily  prepared. 

In  our  analysis  of  soil  solutions,^  we  had  already  used  the  method  of 
titration  by  conductivity  in  determining  the  add  and  basic  binding  capacity 
of  such  solutions.    We  fed  that  it  would  be  superfluous  here  to  go  into 

^  W.  BOttgcr,  Z.  physik.  Chetn.,  24,  253-301  (1897). 

«  F.  W.  Kflstcr,  M.  Grflters,  and  W.  Geibel,  Z.  anorg,  Chem.,  4a,  225-34  (J904)- 

'  P.  Dutoit  and  M.  Duboux,  /.  suisu  de  Chim,  et  pharm.,  igo8,  p.  690. 

^  /.  Ind.  Eng,  Chem,,  3,  559  (191 1). 

*  P.  H.  Hessdink  van  Sucfatelen  and  A.  Itano,  5^nd  Ann.  Rept.  Mich,  Board o/ifr.» 
p.  149  (1913). 
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the  fundamental  principles  underlying  this  method  of  analysis,  since  they 
may  be  considered  to  be  the  common  property  of  the  analytical  and 
biological  chemists;  and  there  is  no  lack  of  excellent  matiiials  dealing 
with  the  practical  phases  of  measurements  of  electrical  conductivity. 
We  will,  therefore,  confine  ourselves  to  a  brief  summary  of  results  and 
call  attention  to  precautions  necessary  in  carrying  out  our  technique. 

It  must  be  said  that  in  the  execution  of  such  conductivity  titrations, 
certain  precautions  have  to  be  followed.  These  will  be  treated  very  briefly 
because  such  rules  can  be  deduced  easily  from  the  theoretical  basis  of  the 
applied  method  and  from  hydrolysis. 

It  is  quite  evident  that  in  most  of  our  experiments  a  determination 
of  the  cell  constants  did  not  need  to  be  considered,  because  it  was  only 
necessary  to  have  the  relative  bridge  readings.  An  exception,  however, 
was  made  in  the  case  of  physiological  liquids,  such  as  urine  and  milk, 
because  such  determinations  of  specific  conductance  may  be  of  special 
clinical  value. 

Because  of  the  fact  that  electrical  resistance  varies  greatly  with  temper- 
ature, greatest  care  must  be  taken  that  the  solutions  are  not  subjected  to 
changes  of  temperature  at  the  time  of  titration.  In  our  case,  the  conduc- 
tivity cup  (filled  with  vertical  electrodes)  stood  deep  in  a  large  75-liter 
water  bath,  and  throughout  the  time  of  titration  the  cup  remained  in  the 
liquid.  The  cup  was  agitated  by  gentle  shaking  in  order  to  facilitate 
rapid  intermixture. 

To  relieve  the  operator  of  the  tedium  and  strain  of  acute  Ustening 
through  the  telephone  receiver,  we  have  substituted  in  many  of  our  ex- 
periments, especially  where  dilute  solutions  were  employed  or  a  high 
degree  of  accuracy  was  required,  an  alternating  current  galvanometer 
which  permitted  far  sharper  determinations  to  be  made.  The  use  of  such 
a  galvanometer  is  advisable,  but  not  essential. 

To  those  familiar  with  this  field  of  work,  this  short  introduction  does 
not  claim  to  disclose  any  new  point  of  view,  nor,  for  those  not  so  well 
versed  in  these  subjects  in  question,  do  we  attempt  an  exhaustive  pre- 
sentation of  the  ftmdamental  supporting  theory. 

We  will  now  proceed  to  consider  the  individual  curves,  and  there, 
as  the  case  may  arise,  enlarge  upon  certain  feattnes  necessary  to  an  tmder- 
standing  of  the  subject.  We  deem  it  advisable  to  start  with  the  most 
ample  case  in  our  analysis,  namely,  the  titration  of  acids  and  bases,  be- 
cause they  may  be  considered  as  the  basis  of  our  work. 

In  the  preceding  paragraphs  we  have  discussed  some  of  the  typical  feattues 
and  peculiarities  of  this  special  conductivity  titration.  Let  us  turn  now  to 
a  [comparison  of  the  accuracy  of  this  method  with  that  of  a  color  in- 
dicator.   We  see  at  once  that  the  values  for  neutrality,  as  obtained  by 
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means  of  phenolphthalein,  are  all  without  exception  more  alkaline  than 
those  determined  from  the  conductivity  titrations. 

The  question  now  arises,  "Which  method  gives  the  neutral  point  with 
greater  accuracy?"  In  deciding  this  question,  use  was  made  of  the  indi- 
cator table  so  thoroughly  worked  out  by  S5rensen«  It  was  easily  demon- 
strated that  by  the  use  of  an  appropriate  indicator  with  a  sharp  color 
change  at  the  neutral  point,  results  were  obtained  which  agreed  with 
the  conductivity  titration.  Besides  this,  it  is  a  well-known  fact  that  the 
neutral  point  of  phenolphthalein  is  decidedly  alkaline. 

It  must  be  noted  here  that  of  the  above  curves,  only  one  (No.  i)  was 
made  by  an  experimenter  who  was  famiUar  with  conductivity  titrations. 
The  others  were  all  worked  out  by  men  performing  the  experiment  for 
the  first  time.  This  fact  leads  to  an  important  feature  oijtke  conduc- 
tivity titration;  namely,  that  the  influence  of  the  subjective  factor^which 
necessarily  enters  into  every  chemical  analysis  is  here  minimal.  This 
fact  will  be  borne  out  by  a  consideration  of  the  above  curve. 
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NeutralUation  of  strong  add  by  strong  base. 
In  cup  10  cc.  0.001  N  HsSO«. 
Titrated  with  0.01  N  NaOH. 

Readings. 
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No.  I. 

No.  II. 

No.  in. 

0                 615.0 

533.7 

447.5 

0.5             492.5 

417.6 

345.0 

2.0             447.5 

3S7.5 

342.0 

3.0             590.0 

477.0 

443.0 

Theoretically,  0.1  cc. 

Found.  0.1  cc. 

Fig.  1. 


Nentraliaation  of  5  oc.  0.001  N  HiSO«. 
with  0.01  N  NaOH. 

Readings. 

Occ 457.5 

0.4  cc 267.5 

1.0  cc 350.0 

2.0  cc 541.7 

Theoretically,  0.5  cc. 

Pound.  0.5  cc. 

Pig.  2. 


It  should  be  added  that  many  of  these  curves  were  made  without  the 
use  of  a  galvanometer.  It  is  evident  that  the  use  of  this  instrument  will 
still  further  minimize  the  influence  of  the  personal  equation.  The  sig- 
nificance of  this  elimination  is  emphasized,  on  the  contrary,  by  a  glance 
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at  the  varying  results  obtained  by  different  experimenters  using  phenol- 
phthalein — an  indicator  noted  for  the  sharpness  of  its  color  change. 

As  n:iay  be  seen  from  the  graphs,  it  is  an  a  priori  fact  in  conductivity 
titrations  that  they  are  not  characterized,  as  are  the  color  indicator  titra- 
tions, by  a  total  dependence  on  one  single  point  at  which  the  color  changes. 
The  conductivity  titration,  on  the  contrary,  is  t3rpified  by  lines,  each  line 
being  fixed  and  determined  by  a  series  of  points,  the  niunber  of  which 
is  under  tlte  control  of  the  experimenter.  We  consider  this  to  be  an  im- 
portant advantage  over  the  color  indicator  method,  for  many  interesting 
deductions  can  be  drawn  from  such  curves. 

In  regard  to  the  point  of  inflection,  we  may  sjay  that  it  is  sharply  defined 
and  determinable  with  exceeding  precision.  As  an  illustration  of  this, 
the  following  graph  may  serve.  In  this  case  o.ooi  iV  5  cc.  HsSOi  were 
titrated  with  o.oi  N  NaOH.  Even  in  this  concentration,  the  result 
was  satisfactory. 

In  the  following  experiment 
the  electro-titrametric  method 
was  employed  for  the  titration 
of  a  weak  acid  (lactic  add)  with 
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Neutralisation  of  a  weak  add  (lactic  acid)  by 

0.1  N  NaOH. 
la   cup    5    cc.    0.1   N    NaOH  (and    phenol- 

phthalein). 
Titrated  with  0.5  N  OHtOs. 

Readings. 

0 457.5 

0.5 335.5 

1.5 220.0 
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3.0 245.0 

Tlieoretically.  1  cc.    ^   * 

Pound.  1  cc 
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Determination  of  malic,  tartaric  and  succinic 
acids. 

In  cup    5  cc.  0.1  N  tartaric  I       ^^^^ 
5  cc.  0.1  iV  succinic  V  ^ 

lOcc.O.lT^mabc      )       ^^^^^ 

Titrated  with  0.5  N  barium  acetate. 

Readings  No.  1.  Readings  No.  2. 


0  cc. 

1  cc 

2  cc 

3cc 

5  cc 

6  cc 

Total  acids. 


375         Occ 377.5 

380         2cc 401.5 

385         4cc 432.9 

390         5cc 448.0 

415  Total        acids — sue- 

435  cinic.    as    No.     1 

plus    1    cc.    36% 
acetic  acid. 

Pig.  4. 
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a  strong  base  (NaOH) — a  titration  which  had  hitherto  been  attended 
with  many  difSculties. 

The  amount  of  lactic  add  was  determined  by  the  formation  of  its  zinc 
salt,  and,  in  accordance  with  this,  a  normal  solution  was  prepared  (theo- 
retical inflection  point,  i  cc.;  fotmd,  i  cc.).  Here  again,  as  in  the  experi- 
ments described  in  the  foregoing,  the  electro-titrametric  method  proved 
to  be  of  especial  value,  because  o^  the  high  degree  of  precision  with  which 
the  neutralization  point  was  obtained.  It  is  to  be  noted  here  that  the 
titration  in  this  case  was  performed  in  the  reverse  of  the  usual  manner; 
i,  €.,  the  NaOH  was  placed  in  the  conductivity  cup  and  the  acid  was  added 
to  it  from  the  buret.  The  reason  for  this  procedure  is  at  once  evident 
and  requires  no  comment. 

The  graph  (Pig.  4)  is  an  illustration  of  the  determination  of  various 
organic  adds  (malic,  tartaric  and  succinic).  It  is  interesting  to  note 
that  in  the  case  where  no  acetic  add  was  added  (No.  i),  the  result  was  in 
perfect  sccordsnce  with  the  total  amotmt  of  adds  present.  In  the  de- 
termination, however,  when  an  addition  of  acetic  add  had  taken  place 
(No.  2)  only  tartaric  add  and  malic  add  showed  their  presence. 

Up  to  now,  we  have  considered  simply  the  determination  of  neutraliza- 
tion points.  This  naturally  is  the  most  ordinary  kind  of  determination 
to  make  first,  but  in  no  way  marks  the  limitation  of  the  sphere  of  useful- 
ness of  the  method.  We  feel  confident  that  the  dectro-titrametric  method 
will  find  a  constantly  widening  fidd  of  application,  and  this  will  naturally 
be  a  source  of  personal  gratification  to  us,  should  it  prove  to  be  the  case. 
The  experiments  which  we  have  performed  are  necessarily  limited  in  num- 
ber and  kind,  being  confined  to  the  determination  of  those  dements  and 
radicals  known  to  be  of  particular  importance  in  general  and  biological 
chemical  analysis. 

At  this  juncture  we  wish  to  emphasize  two  points  that  strongly  com- 
mend this  method,  namdy,  accuracy  and  ease  of  performance.  The  ele- 
ments and  radicals  induded  in  our  determinations  were,  CI,  Ag,  SO4,  Ba, 
U,  PO4,  NOa,  K,  Ca,  Fe'. 

In  the  first  determinations  of  those  dements  and  radicals,  we  aimed 
to  test  the  method  as  to  its  application  and  limitations,  and  we  used,  there- 
fore, chemicals  of  highest  purity  (Kahlbaum),  even  going  so  far  as  to  check 
their  purity  by  standard  methods  of  analysis. 

The  first  of  these  experiments  was  a  determination  of  CI  in  KCl  by 
means  oi  AgNOt.  Pig.  5  shows  the  sharpness  and  predsion  which  char- 
acterizes the  determination.  The  value  obtained  by  the  conductivity 
titrations  coindded  exactly  with  the  theoretical  value  (theoretical,  35 .  46 
mg.  CI;  found,  35.46  mg.  CI). 

The  next  analysis  was  the  determination  of  SO4  in  K2SO4.  In  the  cup 
was  10  cc.  N/io  K2SO4.    This  was  titrated  with  N/s  Ba(N08)». 
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At  this  point,  attention  should  be  called  to  the  fact  that,  in  order  to  ob- 
tain the  highest  degree  of  precision,  we  introduced,  in  many  instances 
into  the  cup,  a  very  small  portion  of  the  salts  yielding  the  predpitajtion 
to  be  expected.  It  will  be  seen  that  in  addition  to  what  has  been  said 
already,  the  analysis  of  KaS04  by  the  electro-titrametric  method  does 
away  with  the  laborious  processes  of  precipitation,  incineration,  and  weigh- 
ing, and  avoids  the  many  opportunities  for  error  engendered  by  these  opera- 
tions. 
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Determination  of  SO«. 
lo  cup  5  cc.  0.1  2^  KtSOi. 
Titrated  with  N/3  Ba(NOi)t. 


Detcrminatioii  of  CL 
In  cup  10  cc.  0.1  JV  Ka. 
Titrated  with  0.5  V  AgNOi. 

Reading!. 

Occ 592 

0.5  cc 586.5 

0.955  cc 582.3 

2.000  cc 576 

2.55  cc 629.5 

3.00  cc 668.3 

Theoretically,  2  cc.  -  35.46  mg.  CI. 
Found.  2  cc.  •-  35.46  mg.  01. 
Fig.  5. 

The  next  determination  was  that  of  P0«  in  (NH4)2HP04.  the  titration 
being  formed  with  uranium  nitrate  as  reagent.  A  glance  at  Fig.  7  shows 
that  the  analytical  result  agrees  exactly  with  the  amount  introduced. 


Readings. 

Occ 463.0 

1.06CC 452.1 

2.005  cc 485.0 

2.986  cc 567.8 

TheoreUcaUy,    1.52    cc.    N/Z     Ba(NO.)«   - 

240.175  mg.  SO4. 
Found.  1.58  cc.  -  240.175  mg.  SO«. 

Pig.  6. 
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Determination  of  PO4. 

In  cup  10  cc.  0.1  iV  (NHOtHPOi. 

Titrated  with  0.25  2V  UO«(CHiCOO)f. 

Readings. 

Occ 466.5 

1.5  cc 375 

3.0  cc 311 

4.0  cc 310 

5.0  cc 310 

Theoretically.  2.5  cc.  contains  31.68  mg.  PO4. 

Found.  2.5  cc.  contain  31.68  mg.  PO4. 

Fig.  7. 


Determination  of  NOt. 
In  cup  5  cc.  0.1  i^  NaNOs. 
Titrated  with  0.25  N  CmHiiNi  (addition  of 
1  drop  1  :  1  H1SO4). 

Readings. 

Occ 401 

1.5  caL 297.5 

2.5  cc 257.5 

3.5  cc 245.0 

Theoretically,    2    cc.     -     31.005    mg.    NO 

Pound,  2  cc.   «  31.005  mg.  NOs. 


Pig.  8. 
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This  analysis  in  particular  is  noteworthy  because  of  the  fact  that  in  using 
the  ordinary  indicators  (cochineal  or  potassium  ferrocyanide)  the  turn- 
ing points  are  not  very  definite;  and,  in  general,  leave  much  to  be  desired. 

Another  electro-titrametric  determination  was  that  of  NOa  in  a  solu- 
tion of  NaNOs  (a  salt  which  may  be  looked  upon  as  chemically  pure 
Chili  saltpeter) »  containing  also  free  HsSOi.  This  solution  was  titrated 
with  a  0.2S  N  solution  of  nitron  in  acetic  add.  In  this  experiment, 
where  the  theoretical  amount  of  nitrate  present  was  31 .005  mg.,  the  elec- 
tro-titrametric method  again  showed  perfect  coincidence.  A  differ- 
ential determination  of  nitrates  and  nitrites  is  possible  by  the  use  of  hydra- 
zine sulfate. 

In  the  experiments  now  to  be  described,  determinations  were  made 
of  several  cations.  The  first  was  that  of  K  in  KCl  (Sylvin).  The  re- 
agent used  here  was  sodium  cobalt  nitrite.  The  result  obtained  was 
once  more  in  exact  accord  with  the  theoretical  calculation:  actually 
present,  39.10  mg.;  determined  by  the  conductivity  titration,  39.10 
mg. 
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DetcrmiiMtioii  of  K. 

In  cup  lOcc.  0.1  N1L.CL 

Titrated  with  0.5  N  NatCO(NOi)«. 

Readings. 

Occ 362.5 

1.5  cc 442 

2.5  cc 482 

3.0  cc 495.5 

ThcoreticaUy.  2  cc.  -  39.10  m%,  K. 

Pound.  2  cc  -  39.10  mff.  K. 

Pic.  9. 
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Determination  of  Ca. 

In  cup  10  cc.  0. 1  If  CaCIt. 

Titrated  with  0.5  i^  HsCiO*. 

Readings. 

Occ 562.5 

1.5  cc 578.0 

2.5  cc 623.5 

3.0  cc 657.5 

Theoretically,  2  cc.  -  20.035  mg.  Ca. 

Pound,  2  cc.  i-  20.035  mg.  Ca. 

Pig.  10. 


In  this  case  the  precipitation  requires  3-4  minutes  for  completion. 
The  conductivity  reading  then  becomes  constant.  Although  the  conduc- 
tivity curve  in  this  instance  permits  of  reasonably  high  accuracy,  it  is 
nevertheless  not  as  sharp  as  in  the  other  determinations  which  preceded, 
or  in  those  which  follow  it.  We  have,  however,  good  grounds  for  the  be- 
lief that  by  the  use  of  another  cobalt  nitrite  a  sharper  graph  would  re- 
sult; in  any  case  the  reagent  must  be  used  fresh. 

The  next  determination  of  a  cation  was  that  of  Ca  in  CaClg.    The  re- 
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agent  used  was  0.5  A^  oxalic  acid.    As  before,  the  result  of  the  analysis 
checked  with  the  theoretical  amount  present. 

The  next  experiment  was  the  determination  of  the  Pe"  content  of 
FeCla.  The  titration  was  performed  with  0.5  N  Na^S.  One  can  hardly 
fail  to  be  struck  here  with  the  extraordinary  sensitivity  of  the  electro- 
titrametric  method  so  notably  illustrated  by  the  results  of  this  experi- 
ment. Thus,  2 .  792  mg.  Fe"'  was  dissolved  in  the  conductivity  cup.  A 
glance  at  the  graph  shows  that  by  the  analysis  exactly  this  amount  was 
fotmd  to  be  present. 

Up  to  now  we  have  considered  exclusively  the  analysis  of  elements 
and  radicals  in  a  solution  containing  only  the  pure  salt.  It  is  hardly  neces- 
sary to  say  that  by  the  application  of  such  reliable  and  specific  reagents 
as  we  used,  the  accuracy  of  the  results  would  not  be  affected  by  the  pres- 
ence of  foreign  substances.  Many 
experiments  have  convinced  us 
of  the  applicability  of  the  electro- 
titrametric  method  in   the  case 
of   a   solution  of  a  mixture  of 
salts.     We  invariably  fotmd  that 
the  presence  of  salts  other  than 
the  one  in  question  did  not  cause 
variation  or  inaccuracy  of  results. 
For  this  reason  we  feel  it  unnec- 
essary to  go  any  further    into 
this  question,  resting  content  with 
the    statement    that    inteUigent 
choice  of  the  reagents  used  will, 
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Determination  of  Pe''. 

In  cup  1  cc.  0.1  ^  PeCh. 

Titrated  with  0.5  i^  NaiS. 

Readings. 

Occ 410 

0.1  cc 410.7 

0.4  cc 535 

0.5  cc 594 

TheoreUcaUy.  0.2  cc.  -  2.792  mg.  Pe\ 

Pound.  0.2  cc.  -  2.792  mg.  Pe*. 


Determination  of  Cl  and  SO4  in  the  same 

solution. 
In  cup  5  cc.  0.1  li  NaCl;  5  cc.  0.1  ^  KsSO«. 
Titrated  with   (A)  0.5   N  AgNOs;   (B)   Ar/3 

Ba(NOi)t. 

Readings. 


A. 

Occ 563.0 

0.5  cc 560.5 

1.5  cc 598.5 

2.5  cc 678.0 


B. 

Occ 678.0 

1.0  cc 675.0 

2.5  cc 694.5 

3.0  cc 706.0 


A: 


Pig.  11. 


Theoretically.  1  cc.  -  35.46  mg.  CL 
Pound,  1  cc.  »  35.46  mg.  Cl. 

B: 
Theoretically.  1.51  cc.  -  96.09  mg.  SO4. 
Pound,  1.5  cc.  *  96.09  mg.  SO4. 
Pig.  12. 
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in  the  case  of  a  mixture  of  substances  in  solution,  prevent  the  possibility 
of  even  the  slightest  disturbance.  A  single  illustration  of  this  may  be 
seen  in  Fig.  12,  representing  the  determination  of  four  different  sub- 
stances, Ag,  CI,  Ba,  SO4,  in  a  solution  containing  a  mixture  of  K1SO4  and 
NaCl.  The  graph  speaks  for  itself  in  language  that  is  unmistakable. 
Previously,  we  dealt  with  the  determination  of  acids,  bases,  salts,  and 


<NaOh 


to     iCC     ICC  ^CC   4CC    sec  ^CC   7CC  SCC  3CC   HkC 

Determination  of  the  add  and  basic  binding  capacity  (HCI.  NaOH) 

of  urine  (sp.  cond.  260.5  »»■*). 
In  cup  50  cc.  urine. 
Titrated  witli  (A)  iST  HCI;  (B)  2V  NaOH. 

Readings. 
Baae  binding  (B). 


Readings. 
Add  binding  (A). 

0 555.0 

0.5 556.5 

0.9 560.0 

1.5 563.5 

2.3 569.5 

2.8 573.5 

3.3 577.0 

3.8 580.7 


0 559.0 

0.5 561.5 

0.9 564.0 

1.4 565.5 

1.9 566.5 

2.4 •. .   567.0 

2.9 567.0 

3.4 566.0 

3.9 566.0 

4.4 567.5 


4.9 567.5 

5.4 569.5 

5.9 572.0 

6.4 575.5 

6.9 581.0 

7.4 587.0 

7.9 595.5 

8.4 603.5 

8.9 614.0 

9.4 628.0 


Fig.  13. 

mixtures  of  salts.  At  this  point  we  take  occasion  to  state  that  this  m^ethod, 
which  was  so  successful  for  the  above  mentioned  substances,  was  ^so  of 
great  value  in  the  analysis  of  liquids  of  biological  constitution.  W^  bave 
purposely  concentrated  the  largest  part  of  our  attention  upon  the  analysis 
of  the  working  basis  of  the  method  in  its  wider  applications.  TheJ^efore, 
we  reserve,  for  later  publication,  the  analysis  of  biological  liquids «  We 
may,  however,  remark  that  by  means  of  our  method  of  analysis  €A  the 
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chlorine  and  phosphate  in  such  liquids  (for  example,  urine)  no  difficulties 
were  presented,  the  results  being  in  perfect  accord  with  those  obtained 
by  the  other  methods.  The  advantages  of  the  electro-titrametric  method 
in  these  latter  instances  are,  the  possibility  of  an  exact  anal3rsis  of  a  few 
cubic  centimeters,  and  at  the  same  time  an  extremely  high  degree  of  pre- 
cision. 

It  is  necessary  here  to  call  attention  to  the  fact  that  in  the  determina- 
tion of  SO4  in  such  liquids  certain  complications  were  encotmtered,  which 
impressed  us  with  the  fact  that  we  had  to  deal  with  a  liquid  of  different 
composition  from  the  synthetical  solution.  Observing  certain  precau- 
tions, as  fdr  example,  degree  of  acidity,  kind  of  reagent,  etc.,  we  were  in 
some  instances  able  to  obtain  results  which  closely  agreed  with  those 
of  gravimetric  determinations. 

The  last  curve  is  an  illustration  of  the  acid-  and  base-binding  capacity 
of  a  physiological  liquid,  in  this  case  tuine.  The  previous  statement 
in  regard  to  the  use  of  indicator  is  especially  true  in  this  case.  It  should 
not  be  overlooked,  however,  that  the  direction  of  the  curve  in  such  cases 
is  probably  not  entirely  due  to  the  above  stated  phenomena,  because 
other  factors,  such  as  changing  viscosity,  may  affect  the  total  result.  It 
is  interesting  to  note  that  in  this  connection  successive  precipitations 
were  observed  after  the  addition  of  certain  amotmts  of  the  reagent. 

It  is  the  belief  of  the  writers  that  such  curves  may  prove  to  be  in  some 
cases  a  more  instructive  demonstration  of  the  complex  properties  of  such 
liquids  and  that  more  deductions  might  be  drawn  from  such  curves  than 
those  from  a  turning  point  of  an  indicator. 

As  the  nature  of  this  publication  is  preliminary,  the  authors  wish  to 
reserve  the  right  to  develop  this  field  more  completely  in  the  near  future. 

AKSSsar,  Mass. 


[Contribution  prom  the  Chemical  Laboratoriss  of  Clark  UNivSRSiTy.] 
A  RAPID  LABORATORY  METHOD  OF  MEASURING  THE  PAR- 
TIAL VAPOR  PRESSURES  OF  LIQUID  MIXTURES. 

By  M.  a.  Robamov*.  C.  W.  Bagom  and  R.  H.  Wbits.> 
RecdTed  July  2.  1914. 

Section  I. — ^Introductory  Remarks. 
It  is  scarcely  necessary  to  point  out  that  the  partial  pressures  of  volatile 
mixtures  are  not  measured  as  such.  What  is  really  determined,  is  the 
composition  of  the  vapor  which  is  in  equilibriiun  with  the  liquid  mixture. 
The  partial  pressures  are  then  assumed  to  be  proportional  to  the  molar 
percentages  of  the  components  in  the  vapor,  and  their  absolute  values 
become  known  if  the  total  pressures  have  been  determined  manometrically. 
'  I  gladly  acknowledge  my  indebtedness  to  my  research  assistant,  Dr.  John  P.  W. 
Schulze.  for  valiiable  help  in  preparing  this  paper  for  publication.    M.  A.  R. 
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The  main  difficulty  involved  is  that  of  analyzing  the  vapor  with  sufficient 
precision.  The  method  that  has  been  most  extensively  used  in  the  past 
consists  in  distilling  off  a  small  amount  from  the  given  mixture  and  anal- 
yzing the  distillate,  on  the  assimiption  that  if  the  relative  amount  of  dis- 
tillate is  sufficiently  small,  its  composition  is  very  dose  to  that  of  the  first 
trace  of  vapor  given  off  by  the  liquid.  As  the  precision  and  rehability 
of  this  method  are  in  many  ways  subject  to  doubt,  and  as  the  results  ob- 
tained have  often  been  found  to  disagree  with  those  yielded  by  other 
methods,  it  appeared  desirable  to  devise  a  method,  the  reliability  of  whose 
results  should,  as  far  as  possible,  be  free  from  doubt.  Such,  we  believe, 
is  the  method  devised  by  Rosanoff,  Lamb,  and  Breithut,^  and  worked  out 
in  its  practical  details  in  these  laboratories.^  It  consists,  briefly,  in  pass- 
ing a  binary  vapor  of  constant  composition  through  a  liquid  mixture  of 
the  same  substances;  as  long  as  the  Uquid  is  not  in  equilibrium  with  the 
vapor,  its  composition  changes,  and  consequently  both  its  boiling  point 
and  the  vapor  escaping  from  it  change  continuously.  When  the  composi- 
tion of  the  liquid  has  finally  adjusted  itself  to  that  of  the  vapor  employed, 
and  equilibrium  has  set  in,  everything  becomes  constant:  the  thermom- 
eter in  the  liquid  indicates  a  constant  temperature;  the  escaping  vapor  has 
ceased  changing,  and  consecutive  fractions  of  it  condensed  show  the 
same  composition.  The  attainment  of  equilibrium  is  thus  attested  in 
two  independent  ways,  and  as  the  condensed  fractions  can  be  taken  as 
large  as  desired,  the  analytical  difficulties  disappear,  and  the  composi- 
tion of  the  equilibrium  vapor  becomes  known  with  all  precision  necessary. 
Unfortunately,  the  required  apparatus  is  somewhat  complex,  and  its 
efficient  handUng  calls  for  considerable  manipulative  skill,  so  that  the 
method  can  scarcely  be  reconmiended  for  ordinary  use,  in  connection 
with  studies  of  either  the  theory  of  solutions  or  fractional  distillation. 

The  method  just  referred  to  has  served  to  demonstrate  that  reliable 
partial  pressure  data  can  be  obtained  by  distilling  off  a  small  fraction, 
as  has  long  been  practised.  Thus,  the  well-known  results  obtained  by 
V.  Zawidzki*  are  doubtless  very  good.  Only,  on  accotmt  of  the  tendency 
of  certain  impurities,  such  as  moisture,  to  accumulate  in  the  first  distil- 
late, the  organic  liquids  employed  must  be  exquisitely  purified,  and  the 
small  distillate  to  be  analyzed  must  be  handled  with  great  care,  if  its  com- 
position is  not  to  be  grossly  affected  by  evaporation.  Furthermore, 
even  v.  Zawidzki's  apparatus  is  of  somewhat  complex  construction  and 
calls  for  no  little  delicacy  of  manipulation.  Thus  a  need  still  remained 
for  a  simpler  and  more  rapid,  yet  sufficiently  reliable,  laboratory  method. 

^  Rosanoff,  Lamb,  and  Breitfaut,  This  Journal,  31,  448  (1909);  Z.  physik.  Chem., 
66,  349  (1909). 

*  Rosanoff  and  Easley.  This  Journal,  31,  953  (1909) ;  Z.  physik.  Chem.,  68,  641 
(19x0). 

s  Von  Zawidzki,  Z.  physik.  Chmn.,  3$,  129  (1900). 
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Such  a  method  is  described  in  the  present  communication.  It  was  first 
devised  and  successfully  employed  in  these  laboratories  during  the  year 
1510-1911,  and  a  brief  preliminary  account  of  it  was  published  in  1911.^ 
Since  then,  however,  it  has  been  used  here  in  a  number  of  new  cases  of 
both  binary  and  ternary  mixtures,  and  to-day  we  feel  justified  in  recom- 
mending it  as  the  easiest  method  for  ascertaining  the  composition  of  vapors 
in  equilibrium  with  all  sorts  of  liquid  mixtures.  We  believe,  further, 
that  it  would  be  especially  useful  where  the  available  amount  of  substance 
is  too  small  for  the  older  methods  to  yield  accurate  results. 
Section  11. — Principle  of  the  Method. 

The  problem  is  to  ascertain  the  composition  of  the  first  infinitesimal 
amotmt  of  vapor  given  off  by  a  liquid  mixture  of  known  composition. 
To  this  end  we  subject  the  given  mixture  to  distillation,  carefidly  avoid- 
ing reflux  condensation.  The  amount  finally  driven  over  may  be  as  great 
as  80  or  90%  of  the  total  original  weight.  And  imagine  that  we  have 
obtained  knowledge  of  what  the  composition  of  the  distillate  was  when 
its  weight  was,  say,  i  g. ;  what  the  composition  of  the  distillate  was  when 
its  weight  had  reached  2  g.,  then  3  g.,  4  g.,  5  g.,  etc.  If  the  composition 
of  the  distillates  were  now  plotted  against  their  weights,  a  curve  would  be 
obtained,  every  point  of  which  would  indicate  the  composition  that  the 
distillate  would  have  when  its  weight  has  attained  any  definite  amount 
within  the  range  of  the  curve.  But  only  a  moderate  extrapolation  back- 
ward would  lead  up  to  the  composition  axis,  that  is,  to  where  the  weight 
of  distillate  is  zero.  The  point  of  intersection  would  obviously  indicate 
the  composition  of  the  first  indefinitely  small  amount  of  distillate,  and  thus 
our  problem  would  be  solved. 

This  is,  in  fact,  our  procedure.  Only,  instead  of  allowing  the  distillate 
to  accumulate  in  the  receiver,  we  remove  seven  or  eight  consecutive 
fractions  of  it,  and  weigh  and  analyze  them  separately.  Knowing  the 
weights  and  compositions  of  Fractions  i  and  2,  we  can  readily  calculate 
the  weight  and  composition  that  would  have  been  fotmd  if  they  had  been 
allowed  to  form  a  single  combined  fraction.  Similarly,  knowing  the 
weights  and  compositions  of  i,  2  and  3,  we  can  easily  calculate  what  the 
weight  and  composition  would  have  been  if  these  three  distillates  had 
been  allowed  to  form  a  single  fraction,  and  so  forth  for  the  rest  of  the  dis- 
tillates obtained. 

The  extrapolation  just  mentioned  indicates,  as  stated,  the  composi- 
tion of  the  first  infinitesimal  amount  of  vapor  evolved  by  the  given  liquid 
mixture.  But  the  same  experiment  yields  also  further  information. 
Suppose  that  eight  distillates  have  been  collected  and  that  the  composi- 
tion of  the  residue  had  been  found  by  anal3rsis.  Knowing,  again,  the 
weights  and  compositions  of  Fractions  8  and  7,  we  can  calculate  the  weight 
»  Rosanoff,  /.  FrankUn  Inst.,  173,  527  (1911). 
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and  composition  that  would  result  if  the  two  were  mixed,  or  if  they  had 
been  allowed  to  form  a  single  fraction.  Similarly,  we  can  find  the  com- 
bined weight  and  composition  of  Nos.  8,  7,  and  6,  then  of  Nos.  8,  7,  6, 
and  5,  etc.  Suppose  now  that  the  weight  of  No.  8  is  entered  as  an  ab- 
scissa and  the  composition  of  No.  8  as  the  corresponding  ordinate;  that 
the  combined  weight  of  Nos.  8  and  7  is  taken  as  a  second  abscissa,  and  their 
combined  composition  as  a  second  ordinate,  etc.  A  new  curve  would 
thus  result,  and  this  ciu^e  again  we  would  extrapolate  to  intersection 
with  the  composition  axis.  The  point  on  the  ciu^e  corresponding  to  dis- 
tillate No.  8  may  be  thought  of  as  the  composition  of  the  mixture  returned 
to  the  residue  when  the  weight  returned,  as  if  by  a  reversal  of  the  actual 
distillation,  is  that  of  No.  8.  Similarly,  the  point  of  intersection  on  the 
composition  axis  would  represent  the  composition  of  the  first  infinitesimal 
amount  returned  to  the  residue.  But  this  is  evidently  nothing  else  than  the 
composition  of  the  slight  amount  of  vapor  still  in  contact  with  the  residue. 
In  this  manner  oiu-  one  actual  distillation  teaches,  not  only  what  vapor 
is  in  equilibrium  with  the  original  mixture,  but  also  what  vapor  is  in 
equilibriiun  with  the  final  residue.  It  would  be  easy  to  show  that  simple 
enough  calctdation  could  further  reveal  the  composition  of  the  vapors 
in  equilibrium  with  mixtures  intermediate  between  the  original  and  the 
residue.  But  we  will  not  insist  on  this  point,  as  we  have  not  made  use  of 
it  in  our  practical  work. 

Section  m.— Apparatus  and  Manipulation. 
In  applying  experimentally  the  simple  principle  just  stated,  an  appara- 
tus was  devised  in  which  reflux  condensation  is  practically  impossible. 
The  apparatus,  drawn  to  scale  in  cross  section,  is  shown  in  Fig.  i.  It 
consists  of  a  pear-shaped  vessel  with  a  long  neck,  near  the  upper  end  of 
which  are  four  circular  openings  for  the  escape  of  the  vapor.  A  glass 
jacket,  fused  on  to  the  rim  of  the  neck,  surrounds  the  flask  and  ends 
below  in  a  tube  through  which  the  vapors  escape  into  a  powerful  worm 
condenser,  and  thence,  in  liquid  form,  into  a  receiver  having  several 
compartments  for  the  convenient  collection  of  consecutive  fractions. 
The  receiver  commimicates  with  the  atmosphere  through  a  tube  filled 
with  calcium  chloride,  to  keep  out  moistiu-e.  The  neck  of  the  pear- 
shaped  boiling- vessel  is  permanently  stoppered  above  with  a  cork,  which 
is  made  thoroughly  vapor-  and  liquid-tight  with  shellac  and  sealing-wax. 
The  cork  carries  an  electric  heater  of  platinum,  wire,  and,  for  the  intro- 
duction and  withdrawal  of  liquid,  an  adapter-tube  reaching  nearly  to  the 
bottom  of  the  boiling-vessel.  Liquid  is  introduced  and  withdrawn  with 
the  aid  of  a  separatory-fimnel  fitted  by  means  of  a  tight  cork  into  the  upper 
part  of  the  adapter-tube,  as  shown  in  the  diagram.  During  operation  the 
boiling-vessel  is  thus  surrounded  by  the  vapor  of  the  boiling  liquid  itself, 
And  thus  reflux  condensation  is  prevented.    B|it  to  make  doubly  sur^ 

Digitized  by  VjOOQIC 


PARTIAL  VAPOR  PRESSURES  OF  LIQUID  MDCTURBS. 


1807 


"I  Mi  \—---^- 


=  ^^ 


of  this,  the  jacketed  distillation  vessel  is  all  but  completely  immersed  in  a 
bath,  whose  temperature,  roughly  constant,  is  somewhat  above  the  high- 
est temperature  that  may  be  at- 
tained by  the  boiling  mixture  experi- 
mented upon. 

The  manipulation  is  very  simple. 
A  mixture  of  known  composition  is 
introduced  into  the  distilling  vessel 
and  is  set  boiling  by  means  of  the 
electric  heater.  There  being  no  re- 
flux, the  distillation  is  usually  very 
rapid,  each  fraction  taking  only  a 
minute  or  two  to  collect.  The  frac- 
tions are  received  in  small,  carefully 
weighed  glass-stoppered  bottles, 
and  in  scarcely  half  an  hour,  dur- 
ing which  the  apparatus  requires 
little  attention,  the  run  is  complete. 
Now  a  sample  of  the  residue  is  with- 
drawn for  analysis,  the  several 
distillates  are  weighed  (with  a  pre- 
cision of  about  0.05  g.),  and  finally 
the  residue  and  the  distillates  are 
analyzed  as  stated  above. 

We  have  not  mentioned  the  di- 
mensions of  the  distillation  ap- 
paratus. In  our  earlier  work  the 
pear-shaped  boiler  had  a  capacity 

of  about  300  cc.  and  was  almost 
filled  with  the  liquid  mixture  for  a 

run.    To  prevent  the  protrusion  of 

the    platinum    heater    above    the 

liquid,  the  distillation  was  usually 

mterrupted  when  about  100  cc.  of 

liquid  still  remained  in  the  vessel. 

More  recently  a  smaller  apparatus 

has  been  employed  here,  the  pear- 
shaped   boiler   having   a    capacity 

of  only    125    cc.,    and   the   shape 

of  the  platinum  heater  was  modified  to  permit  of  leaving  a  residue  of  barely 

25  cc.    There  is,  however,  no  reason  why  a  still  smaller  apparatus  should 

not  be  employed  when  only  a  scanty  amount  of  experimental  material 

is  available. 
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Section  IV.— Analytical  Metiiod. 

The  composition  of  our  binary  mixtures  was  determined  on  the  basis 
of  their  refractive  indices  by  an  interpolation  method  first  recommended 
by  Ostwald  and  since  used  by  von  Zawidzki  and  also  in  this  laboratory. 
The  indices  of  a  number  of  mixtures  of  exactly  known  composition  are 
determined,  and  from  these  the  percentages  are  calculated  which  would 
correspond  to  these  indices  if  the  latter  obeyed  the  rule  of  additivity. 
The  differences  between  the  true  and  these  "ideal"  percentages  are 
plotted  as  ordinates  against  the  ideal  percentages  themselves.  The  re- 
sulting curve  gives  the  correction  to  be  algebraically  added  to  the  ideal 
percentage,  the  latter  being  calculated  in  any  given  case  from  the  equa- 
tion: 

TJ    1  A  ioo(i  — ii) 

Ideal  percentage  =  — h — r~ 
*i  —  H 

where  ii  is  the  refractive  index  of  the  isolated  component  whose  ideal 
percentage  in  the  mixture  is  sought,  i%  is  the  index  of  the  second  com- 
ponent in  the  isolated  state,  and  i  is  the  observed  index  of  the  mixture. 

Tables  I-III  give  the  corrections  for  a  number  of  ideal  percentages 
in  the  case  of  three  pairs  of  liquids;  the  data  of  Tables  I  and  II  are  based 
on  new  measurements;  the  data  of  Table  III  are  calculated  from  the  meas- 
urements of  von  Zawidzki.^  Corrections  for  other  percentages  than  those 
given  in  the  tables  will  readily  be  found  by  graphic  interpolation.  All 
these  corrections  lead  to  the  true  composition  of  the  mixtures  expressed 
in  tnolar  percentages. 


Tablb  I. 

Table  II. 

Table  III. 

Chi^oroform — ToLvmm. 

ACBTONB— TOLUENB. 

Ethyl  Iodidb— Ethyl 

Acetate. 

The     index 

of    CHCl,  is 

The   index  of  (CH,),CO  is 

The  index  of  the  iodide  is 

1. 44301.   That  of  CJIiCHi 

1.35662.    ThatofCiHiCH, 

1.51009. 

That    of    the 

is  1.49323. 

Temp.  25.4*. 

is  1.49337. 

Temp.  25.0*. 

acetate  is  1. 37012.   Temp. 

Ideal  % 

Correc- 

(CH.)k:?). 

Cocrec- 

25*2    • 

Cocrec* 

CHCU. 

tion. 

tion. 

tion. 

0 

0 

0 

0 

0 

0 

10 

+2.04 

10 

+3.03 

10 

+4.12 

20 

+3.72 

20 

+3.56 

20 

+6.96 

30 

+4.72 

30 

+7.35 

30 

+8.68 

40 

+5.26 

40 

+8.56   • 

40 

+9.41 

50 

+5.32 

50 

+9.16 

50 

+9.42 

60 

+5.04 

60 

+9.12 

60 

+8.70 

70 

+4.43 

70 

+8.31 

70 

+6.21 

80 

+3.31 

80 

+6.32 

80 

+5.36 

90 

-fi.68 

90 

+3.56 

90 

+2.96 

100 

0 

100 

0 

TOO 

0 

*  Von  Zawidzki,  Loc.  cit.,  p.  145. 
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Tables  for  the  analysis  of  mixtures  of  carbon  disulphide  and  carbon 
tetrachloride  may  be  fomid  in  a  former  commtmication.^ 

Ternary  mixtures,  whose  partial  pressiu-es  were  determined  by  the 
present  method,  have  been  analyzed  according  to  the  procedure  described 
by  Schulze.* 

Section  V. — ^Purification  of  the  Substances. 

Our  substances  were  purified  as  follows :  Carbon  disulfide  was  thoroughly 
shaken  with  lime,  allowed  to  stand  for  some  time  in  contact  with  mer- 
cury, dried  with  calcium  chloride,  and  distilled;  a  large  middle  fraction 
collected  for  use  passed  over  within  less  than  o.  i^  Elahlbaum's  carbon 
tetrachloride  required  no  further  treatment  than  drying  with  calcium 
chloride  and  redistilling,  the  fraction  collected  for  use  boiling  again  within 
o.  I  ^.  Chloroform  from  a  well-known  American  manufacturer  was  washed 
with  dilute  sulfuric  add,  then  with  caustic  potash,  and  next,  five  times 
with  water.  After  drying  with  calcium  chloride,  it  was  distilled  in  dim 
light,  a  large  middle  fraction,  boiling  between  60.9^  and  6i.o^  being 
kept  for  use.  A  high-grade  commercial  toluene  was  thoroughly  washed 
with  water,  dried  with  calcium  chloride,  and  distilled,  the  utilized  frac- 
tion passing  over  between  109.5^  and  109.6^.  A  quantity  of  commercial 
acetone  was  boiled  for  ten  hours  with  an  excess  of  sohd  potassium  per- 
manganate, distilled  off,  dried  with  potassium  carbonate,  and  redistilled; 
the  fraction  kept  for  use  passed  over  within  o.  i ^.  The  ethyl  iodide  was 
prepared  by  ourselves,  from  resublimed  iodine,  absolute  alcohol,  and 
pure  red  phosphorus;  the  crude  product  was  washed  with  a  solution  of 
caustic  potash  and  with  water,  then  dried  with  calcitmi  chloride,  distilled, 
and  preserved  in  contact  with  finely  divided  ("molecular")  silver;  the 
preparation  distilled  over  completely  between  72 .6^  and  72 .8^.  Finally, 
a  good  grade  of  commercial  eOiyl  acetaU  was  washed  with  a  50%  solution 
of  calcium  chloride,  then  dried  with  fused  calcium  chloride,  and  distilled, 
the  utilized  fraction  passing  over  between  76.6^  and  76. 7^ 

Section  VI. — ^Results  for  Carbon  Disulfide — Carbon  Tetrachloride. 

Tablb  IV. — ^RuN  A. 

Wdcht  of  distillate.  Molar  % 

No.  of  dittiOatc  Grains.         Index  of  rcfractioii.  of  CSb. 

1 16.48  1. 53177  59.35 

2 1943  1.53108  5S.96 

3 15.86  1. 53815  57.21 

4 16.00  1. 53491  55.25 

5 2375  *     1.52088  52.73 

6 17.80  1. 51639  49.85 

7 25.23  1.51181  46.79 

It  would  have  been  advantageous  to  express  the  composition  of  the  dis- 
^  Rosanoff  and  Easley,  Loc,  cU.,  p.  970. 
*  Schulze,  This  Journal,  369  498  (1914)- 
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tiallates,  not  in  molar,  but  in  weigfU  percentages,  as  the  former  compli- 
cate the  calculations  tmnecessarily.    We  will,  however,  reproduce  all  re- 
sults in  this  paper  in  the  form  in  which  they  were  originally  obtained  and 
used. 
From  the  figures  of  Table  IV,  calculation  gives  the  following: 

Tablb  V. 

Combined  Combined 

Com-     Gompo-  Com-    compo- 

bined     tition.  bined      aition. 

DistillAtea  weight    (Molar  Distillates  weight.    (Molar 

combined.  Grams.  %  CSt,)  combined.  Grams.    %  CSk) 

No.  1 16.48  59.35           No.    7 25.23  46.79 

Nos.  l-h2 35.91  59.11            Nos.  7+6 43.03  48.07 

Nos.  1+2+3 51.77  58.55            Nos.  7+6+5 66.78  49.76 

Nos.  1+2+3+4 67.77  57.79           Nos.  7+6+5+4 82.78  50.86 

Nos.  1+2+3+4+5 91.52  56.51            Nos.  7+6+5+4+3 98.64  51.92 

Nos.  1+2+3+4+5+6 109.32  55.47            Nos.  7+6+5+4+3+2 118.07  53.10 

Nos.  1+2+3+4+5+6+7....  134.55  53.92  Nos.  7+6+5+4+3+2+1 ... .  134.55  53.92 

The  original  mixture  (refractive  index  =  1.49780)  contained  36.77 
molar  per  cent  CSi.  The  third  column  of  Table  V  shows,  by  graphic 
extrapolation,  that  the  vapor  in  equilibrium  with  the  original  mixture 
contained  60.35  molar  per  cent  CSj. 

The  residue  (refractive  index  = 
1.48000)  contained  22.18  molar  per 
cent  CSi.  The  sixth  column  of  Table 
V  shows,  by  graphic  extrapolation, 
that  the  vapor  in  equilibrium  with  the 
residue  contained 44.85  molar  per  cent 
CS,. 

The  results  of  Table  V  are  shown 
graphically   by   the    pair    of   curves 
marked  A  in  Pig.  2.    The  curves,  it 
will  be  seen,  are  very  smooth,  and  the 
sUght  extrapolation  introduces  prac- 
tically no    imcertainty.       Only    the 
first  point  on  the  upper  curve,  corre- 
sponding  to  the  fii^t  distillate,   fails 
to  agree  with   the  rest.    The   cause 
of  this  was  doubtless  a  trace  of  mois- 
'  ture   contained   in  the  original   mix- 
Fig.  2. — Carbon^disulphide — carbon    ture,  and  if  one  distillate  only  had  been 
tetrachloride.  examined,    as   is   done   in    the   older 

procedures,  an  error  of  at  least  1%  would  have  been  introduced,  prob- 
ably more.  On  the  other  hand,  the  shape  of  our  curve  and  its  ex- 
trapolation are  scarcely  rendered  less  certain  by  the  irregularity  of  that 
one  point. 
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Naof 
dbtillate. 


Tabui  VI.— Run  B. 

Weight  of  dbUnate. 
Grami. 


1 13.67 

a 18.01 

3 16.22 

4 21.43 

5 12.14 

6 17.76 


Index  of 
refraction. 

1.55285 

I. 55168 

1.54901 

1.54582 

1.54200 

K 53890 


Tabls  VII. 

Com- 


DistU. 


Com- 
bined 

weight. 

Grams. 


bined 
Gompo- 


bined. 

No.  1 13.67 

Noa.  1+2 3l.6« 

Noa.  I  +2+3 49.90 

Noa.  1+2+3+4 69.33 

^oa.  1+2+3+4+5 81.47 

Noa.  1  +2+3+4+5+6 99.23 


(Moiar 


70.78 
70.44 
09.89 
69.05 
68.48 
67.60 


DiaUl- 
lates 
com- 
bined. 


Molar  % 
of  CSt. 

70.78 
70.19 
68.80 

67.14 
65.08 

63.43 


Com- 
bined 

weight. 

Grams. 


Com- 
bined 
compo- 
sition. 
(Molar 
%CS..) 

63.43 
64.10 
65.39 
66.22 
67.08 
67.60 


No.  6 17.76 

Noe.  6+5 29.90 

Nos.  6+5+4 51.33 

Nos.  6+5+4+3 67.55 

Nos.  6+5+4+3+2 85.56 

Nos.  6+5+4+3+2  +  1 99.23 

Original  mixture  (refractive  index  -  1.51680) 50. 11%  CSi 

Corresponding  vapor  (by  extrapolation) 71 .50%  CSi 

Residue  (refracUve  index  -  1.49889) 37.62%  CSi 

Corresponding  vapor  (by  extrapolation) 62.30%  CSi 

The  results  of  Table  VII  are  shown  graphically  by  the  pair  of  curves  B 
in  Fig.  2. 


TABL9  VIII.--RUN  C. 


Weight  of 
disdUate. 
No.  of  distiUate.  Orams. 

1 18.25 

2 16.80 

3 16.66 

4 14.37 

5 14.50 

6 15.54 

TABtS  IX. 

Combined 

compo- 

Combined  sition. 

weight    (Molar 

Grams.  %  CSl) 

77.28 
76.94 
76.44 
75.99 
75.49 
74.91 


Index  of  refraction. 
1.56573 
1.56465 
I. 563 19 
1.56002 
1.55767 
1.55486 


combined. 

No.  1 18.25 

Noa.  1+2 35.05 

Noa.  1+2+3 51.71 

Noa.  1+2+3+4 66.08 

Noa.  1+2+3+4+5 80.58 

Nos.  1+2+3+4+5+6 96.12 


Distillates 


Molar  %  of  CSi. 
77.28 
76.57 
75.37 
74.33 
73.20 
71.81 


Combined 

compo- 

Combined  sition. 

weight.     (Molar 

Grams.    %  CSi.) 

7181 


No.  6 15.54 

Nos.  6+5 30.04  72.48 

Nos.  6+5+4 44.41  73.09 

Nos.  6+5+4+3 61.07  7372 

Nos.  6+5+4+3+2 77.87  74.34 

Nos.  6+5+4+3+2  +  1 96.12  74.91 


Original  mixture  (refractive  index  -  1.53056) 58.66%  CSi 

Corresponding  vapor  (bjr  extrapofaition) 77.70%  CSt 

Retidne  (refractive  index  -  1 .5 1440) 48 .  52 %  CSi 

Corresponding  vapor  (by  extrapolation) 70.90%  CSi 

The  results  of  Table  IX  are  shown  graphically  by  the  pair  of  curves 
C  in  Pig.  2. 
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Tablb  X.--RyN  D. 

Wdchtof 
distillate. 

No  of  distillate.                                                    Grams.  Index  of  refraction.     Molar  %  of  CSc. 

1 15.94  1.57393  80.88 

2 15.02  1.57336  80.62 

3 17.54  I.57171  79.86 

4 16.86  1.56966  78.93 

5 14.66  1. 56771  78.02 

6 16.87  1.56534  76.88 


Tabus  XI. 


DistU- 
lates 


Com- 
bined 
Com-     compo- 
blfiad      sition. 
weight.  (Molar 
%CS«.) 


bined.  Grams. 

No.  1 15.94  80.88 

Nos.  1+2 30.96  80.73 

No^  1  +2+3 48.50  80.43 

Nos.  1+2+3+4 65.36  80.05 

Nos.  1+2+3+4+5 80.02  79.68 

Nos.  1  +2+3+4+5+6 96.89  79.20 


Com- 
bined 

Distillates  weight. 

combined.  Gruns. 

No.  6 16.87 

Nos.  6+5 31.53 

Nos.  6+5+4 48.39 

Nos.  6+5+4+3 65.93 

Nos.  6+5+4+3+2 80.95 

Nos.  6+5+4+3+2+1 96.89 


Com- 
bined 
compo- 
sition. 
(Molar 
%CSi.) 
76.88 
77.42 
77.96 
78.46 
.78.87 
79.20 


Origina]  mixture  (refractive  index  -  1.54167) 64.94%  CSi 

(Corresponding  vapor  (by  extrapolation) 81 .22%  CSs 

Residae  (refractive  index  -  1.52583) 55.82%  CSi 

Corresponding  vapor  (by  extrapolation) 76. 13%  CSi 

The  results  of  Table  XI  are  shown  graphically  by  the  pair  of  curves 
D  in  Fig.  2. 

Tablb  XII.— Run  E. 

Weight  of 
No.  of  distillate.  Index  of  Molar 

distiUste.  Grams.  refraction.  %  of  CSt. 

1 18.09       X. 59875       91.00 

2 18.38        1.59848        90.88 

3 21.23        1. 59751        90.51 

4 15.70        1.59634        90.06 

5 15.78        1.59520       89.60 

6 17.78        1.59370       89.02 


Distil- 
lates 
com- 
bined. 


Tablb  XIII. 
Com- 
bined 
Com-     compo- 
bined      sition. 
weight    (Molar    DistlUates 
Gsams.  %  CSi.)  combined. 


C«in- 


No.  1 18.09  92.70 

Nos.  1+2 36.37  90.94 

Nos.  1+2+3 57.60  90.78 

Nos.  1+2+3  +  4 73.39  90.63 

Nos.  1+2+3+4+5 89.17  90.45 

Nos.  1  +2+3+4+5+6 106,95  90.21 


Com- 
bined 

weight. 

Grama. 

No.  6 17.78 

Nos.  6+5 33.56 

Nos.  6+5+4 49.35 

Nos.  6+5+4+3 70.58 

Nos.  6+5+4+3+2 88.86 

Nos.  6+5+4+3+2  +  1 106.95 


compo- 

sition. 

(Molar 

%CSi.) 

89.02 
89.29 
89.54 
89.83 
90.04 
90.21 


Original  mixture  (refractive  index  -  1.57895) 83.04%  CSt 

Corre^>onding  vapor  (by  extrapolation) 91.31%  CSn 

Residue  (refractive  index  «  1.56701) 77.69%  CSi 

Corresponding  vapor  (by  extrapolation) 88.63%  CSi 
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The  results  of  Table  XIII  are  shown  graphically  by  the  pair  of  curves 
E  in  Pig  2.  The  relation  between  the  composition  of  liquid  and  vapor  is» 
on  the  basis  of  all  the  data  given  in  this  section,  exhibited  by  the  curves 
of  Fig.  3.     Here  the  lower  curve  indicates  the  boiling  points  of  the  various 
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Fig  3. 

mixtures.  Any  horizontal  line  through  the  two  curves  will  indicate  the 
composition  of  a  vapor  (point  of  intersection  with  the  upper  curve)  and 
of  the  liquid  (point  of  intersection  with  the  lower  curve)  in  equilibrium 
with  it. 

The  case  of  carbon  disulfide — carbon  tetrachloride  was  experimentally 
a  somewhat  difficult  one,  owing  to  the  two  liquids  interdiffusing  rather 
slowly.  Nevertheless,  the  results  obtained  by  the  present  method  are  in 
satisfactory  agreement  with  those  yielded  by  the  standard  method  men- 
tioned above.  ^ 

1  Rosanoff  and  Easley,  hoc.  cii.,  p.  984. 
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Section  VII. — ^Results  for  Chlorofonn—- Toluene. 
Tabids  XIV. — ^Run.A. 

Weight  of 
distillate. 
No.  of  distillate.  Grains.         Index  of  refraction.  Molar  %  of  CHClj. 

I 16.37  1.44482  97.00 

2...^ 20.32  1-44503  96.68 

3-..' 24.32  1.44532  96.18 

4 17.07  1.44552  95.84 

5 20.51  1.44562  95.68 


Tabids  XV. 


Dtetillates 
combined. 


Combined 
weight. 
Grams.  < 


No.    1 16.37 

Nos.  1+2 36.69 

Nos.  1+2+3 61.01 

Nos.  1+2+3+4 78.08 

Nos.  I  +2+3+4+5 98.59 


Combined 
compo- 
sition. 
(Molar 

G  CHCU.) 

97.00 
96.82 
96.57 
96.41 
96.26 


Combined 


DistiUates 
combined. 


Combined 
weight. 
Grama. 


No.    5 20.51 

Nos.  5+4 37.58 

Nos.  5+4+3 61.90 

Nos.  5+4+3+2 82.22 

Nos.  5+4+3+2  +  1 98.59 


compo. 

sition. 

(Molar 

%CHa».) 

95.68 
95.62 
95.92 
96.11 
96.26 


Original  mixture  (refractiye  index  -  1.45153) 85 .88%  CHCls 

Cocresponding  vapor  (by  extrapolation) 97.25%  CHCk 

Residue  (refractiye  index  -  1.45523) 79.54%  CHCb 

Cocresponding  vapor  (by  extrapolation) 95 .40%  CHCla 


Fig.  4. — Carbon  disulphide — carbon  tetrachloride. 

The  results  of  Table  XV  are  shown  graphically  by  the  pair  of  curves  A 
in  Fig.  4. 
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Table  XVI.— Run  B. 

Weight  of 

No.  of  dktmatc.                                            Grams.  Index  of  refraction.  Molar  %  of  CHC]<. 

1 13.24  1.44945  89.36 

2 15.86  1.44958  89.12 

3 15.80  1. 45013  88.21 

4 20.88  1.45098  86.79 

5 17.06  1. 45183  85.38 

6 20.05  X. 45293  83.53 


DbtnUtca 
combined. 


Combined 
weight. 
Grams. 


TabiaXVII. 
Combined 

compo- 

sition. 

(Molar       Distillates 
%  CHCls.)  combined. 


Combined 

compo- 

Combinod     sition. 

weight,  (Mdlar  % 

Grams.     CHCb.) 


No.    1 13.24 

Nos.  1+2 29.10 

Nos.  1+2+3 44.90 

Nos.  1+2+3+4 65.78 

Nos.  1+2+3+4+5 82.84 

Nos.  1+2+3+4+5+6 102.89 


89.36  No.    6 20.05  83.53 

89.23  Nos.  6+5 37.11  84.37 

88.87  Nos.  6+5+4 57.99  85.24 

88.21  Nos.  6+5+4+3 73.79  85.88 

88.87  Nos.  6+5+4+3+2 89.65  86,45 

86.82  Nos.  6+5+4+3+2  +  1 102.89  86.82 


Original  mixture  (refractiye  index  -  1.46295) 65 .33%  CHCb 

Corresponding  Tapor  (by  extrapolation) 89.53%  CHCU 

Residue  (refractiye  index  -  1.47015) 51.30%  CHCk 

Corresponding  vapor  (by  extrapolation) 82.55%  CHCli 


The  results  of  Table  XVII  are  shown  graphically  by  the  pair  of  curves 
B  in  Fig.  4. 

Table  XVIII.— Run  C. 

Weight  of 

dis&late. 

No.  of  distillate.  Grans.  Index  of  refraction.  Molar  %  of  CHCb. 

1 16.74  1-447"  93.20 

2 16. II  X -44743  92.68 

3 18.69  1-44783  92.01 

4 20.98  1-44833  91.19 

5 16.81  1.44883  90.36 

6 19.51  1.44958  89.12 


DistUlates 
combined. 


Tabls  XIX. 
Combined 
compo* 
Combined    sition. 
weight.      (Molar       Distillates 
Grams.  %  CHCli.)  combined. 


Combined 

Com-     compo- 

bined      sition. 

weifht  Molar  % 

Grams.    CHCIt.; 


Na    1 16.74  93.20 

Nos.  1+2 32.85  92.95 

Nos.  1+2+3 51.54  92.23 

Nos.  1+2+3+4 72.52  92.19 

Nos.  1+2+3+4+5 89.33  91.85 

Nos.  1+2+3+4+5+6 108.84  91.36 


No.  6 19.51  89.12 

Nos.  6+5 36.32  89.69 

Nos.  6+5+4 57.30  90.24 

Nos.  6+5+4+3 75.99  90.67 

Nos.  6+5+4+3+2 92.10  91.02 

Nos.  6+5+4+3+2  +  1 108.84  91.36 


Original  mixture  (refractive  index  -  1.45843) 73.77%  CHCla 

Corresponding  vapor  (by  extrapolation) 93.38%  CHCb 

Residus  (refractive  index  -  1.46490) 61 .59%  CHCk 

Corresponding  vapor  (by  extrapolation) 88.20%  CHCb 
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The  results  of  Table  XIX  are  shown  graphically  by  the  pair  of  curves 
C  in  Fig.  4. 

Table  XX.— Run  D. 


No.  of 


Weight  of 

distillate^ 

Grams. 


1 15.19 

2 16.74 

3 18.05 

4 H-75 

5 17.31 

6 22.70 


Index  of 
refraction. 

1.45393 
1.45473 
1.45563 
1.45693 
I. 45818 
I. 46012 


BColar 
%  of  CHOI*. 

81.80 

80.40 

78.83 

76.50 

74.23 

70.65 


Tabi^  XXI. 


Distil, 
latcs 


weight. 
Grams. 

No.    1 15.19 

Nos.  1+2 31.93 

Nos.  1+2+3 49.98 

Nos.  1+2+3+4 64.73 

Nos.  1+2+3+4+5 82.04 

Nos.  1+2+3+4+5+6 104.74 


Combined 
compo- 
Com-    sition. 
(BColar 


CI 
81.80 
81.06 
80.25 
79  J9 
78.29 
76.61 


DistiUates 
combined. 

No.  6 

Nos.  6+5 

Nos.  6+5+4 

Nos.  6+5+4+3 

Nos.  6+5+4+3+2 

Nos.  6+5+4+3+2  +  1. 


Original  mixture  (refractive  index  -  1.46956) 52.47% 

Corresponding  vapor  (by  extrapolation) 82 .60% 

Residue  (refractive  index  -  1.47820) 34.64% 

Corresponding  vapor  (bj  extrapolation) 68.59% 


Com- 
bined 
weight 
Grama. 

22.70 

40.01 

54.76 

72.81 

89.55 

104.74 

CHCb 

CHCb 

CHCla 

CHCla 


Com- 
bined 
compo- 
sitioeu 

(Mola 


CHCls.) 
70.65 
73.19 
73.34 
74.69 
75.75 
76.61 


The  results  of  Table  XXI  are  shown^graphically  by  the  pair  of  curves 
D  in  Pig.  4. 

Tabids  XXII.— Run  E. 


No.  of 

distUlate. 


Weight  of 

distiUate. 
Grams. 


1 14.47 

2 15.49 

3 1402 

4 19.31 

5 13.44 

6 14.55 


Index  of 
refraction. 

I .45853 
1.45982 
I. 46091 

1.46255 
1.46450 
1.46649 


(Molar 
%  of  CHCb.) 

73.60 

71.21 

69.18 

66.09 

62.37 

58.50 


Tabi^  xxni. 


Combined 

weight.     (Molar  %  DistiUates 
'^  CHCla.)     combined. 


GomUned.  Ckama. 

No.    1 14.47  73.54 

Nos.  1+2 29.96  72.33 

Nos.  1+2+3 43.98  71.32 

Nos.  1+2+3+4 63.29  69.71 

Nos.  1+2+3+4+5 7673  68.41 

Nos.  1+2+3+4+5+6 91.28  66.81 


Combined 
compo- 
Combined    sition. 
weight.  (Molar  % 


Grams. 

No.  6 14.55  S8.50 

Nos.  6+5 27.99  60.35 

Nos.6+5+4 47.30  62.68 

Nos.  6+5+4+3 61.32  64.14 

Nos.  6+5+4+3+2 76.81  65.55 

Nos.  6+5+4+3+2+1 91.28  66.81 


Original  mixtuic  (refractive  index  -  1.47442) 42.61%  CHCU 

Corresponding  vapor  (by  extrapolation) 74 .  80%  CHCli 

Residue  (refractive  index  -  1.48215) 26.02%  CRCb 

Corresponding  vapor  (bj  extrapolation) 56.52%  CHCli 
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The  results  of  Table  XXIII  are  shown  graphically  by  the  pair  of  curves 
£  in  Fig  4. 


Na  of  distillate. 

I 

2 

3 

4 

5 

6 


Tabls  XXIV.— Run  F. 

Welf  ht  of  distillate. 


Grams. 
8.05 

7.41 
5.82 
6.04 
5.38 
7.93 


Index  of  refractioo. 
1.46559 
1.46589 
I. 46813 

I  46837 
1.46926 
I .47030 


Molar  %  ot  CHClt. 
60.26 
59.68 
55.31 
54.83 
53.06 
51.00 


DistiUates 
combined. 


TablB  XXV. 

Comoined 
weight. 
Grams. 


No.    1 8.05 

Nos.  1+2 -, 15.46 

Nos.  1+2+3 21.28 

Nos.  1  +2+3+4 27.32 

Nos.  1+2+3+4+5 32.70 

Nos.  1+2+3+4+5+6 40.63 


Original  mixture  (refractive  index  -  1.48074). 
Corresponding  vapor  (by  extrapolation) 


Combined 

compositioo. 

(Molar  %  CHCb.) 

59.97 
59.98 
58.70 
57.84 
57.04 
55.83 

29.13%  CHClt 
61.47%  CHCb 


The  residue  in  this  case  could  not  be  analyzed. 

TTie  results  of  Table  XXV  are  shown  graphically  by  the  upper  curve 
of  pair  F  in  Fig.  4. 

-Run  G. 


No.  of 
distillate. 


Table  XXVI 
w< 


htof 
ite. 
Grams. 

7.98 
9.75 
4.87 
5.62 

6.79 
6.48 


Index  of 
refraction. 

1. 4726 1 

1.47344 
1.47526 

1.47535 
1.47624 
I. 47712 


Molar 
^of  CHCl*. 

46.34 
44.65 
40.86 
40.68 
38.81 
36.95 


DistiUates 
comlnBed. 


Tablb  XXVII. 

Combined 
weight. 
Orams. 

No.  1 7.98 

Nos.  1+2 17.73 

Nos.  1+2+3 22.60 

Nos.  1  +2+3+4 28.22 

Nos.  1+2+3+4+5 35.01 

Nos.  1+2+3+4+5+6 41.49 


Orifinal  mixture  (refractive  index  -  1.48483). 
Corresponding  vapor  (by  extrapolation) 


composition. 
(Molar  %CHCIt.) 

46.34 

45.41 
44.42 
43.67 
42.72 
41.80 

.      19.99%  CHCb 
.     47.23%  CHCb 


The  residue  in  this  case  could  not  be  analyzed. 
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Hie  results  of  Table  XXVII  are  shown  graphically  by  the  upper  curve 
of  pair  G  in  Fig.  4. 

The  results  of  all  our  meastu-ements  in  the  case  of  chloroform — ^toluene 
are  exhibited  by  the  curves  of  Fig.  5. 


Fig.  5. — ^Acetone — toluene. 


Section  Vin. — ^Results  for  Acetone — Toluene. 

Tablb  XXVIII.— Run  A. 

Weight  of 
No.  of  distilUte.  Index  of  MoUr  % 

distillate.  Grams.  refraction.  of  acetone. 

1 10.42  1.36086  98.10 

2 12.57  1.36104  98.01 

3 9-6i  1. 36130  97.89 

4 10.12  1. 36148  97.82 

5 H.48  1. 36175  97.72 

6 H.29  1. 36219  97.52 

Digitized  by  VjOOQIC 


PARTIAL  VAPOR  PRESSURES  OF  UQUID  MIXTURES. 


1819 


Table  XXIX. 

Combined 


oompo- 
Combined      rition. 
weight.    (Molar  % 
Grams,     acetone.; 

Koi   1 10.42  98.10 

Not  1+2 22.99  98.05 

Not  1+2+3 32.60  98.00 

Nfli.  1+2+3+4 42.72  97.96 

Nos.  1+2+3+4+5 54.20  97.91 

Not  1+2+3+4+5+6 65.49  97.84 


Dbtillatcs 
combined. 


Combined 

compo- 

Combined    aitlMi. 

weight.  (Molar  % 

Oram*,  fkcetoac.) 


No.    6 11.29  97.52 

N08.  6+5 22.77  97.62 

Noe.6+5+4 32.89  97.68 

Noa.  6+5+4+3 42.50  97.73 

Noa.  6+5+4+3+2 55.07  97.79 

Noa.  6+5+4+3+2  +  1 65.49  97.84 


Original  miztttre  (refractive  index  i-  1.37023) 93 .  82%  acetone 

Corresponding  vapor  (by  extrapolation) 98. 10%  acetone 

Residue  (refracUve  index  -  1.37640) 90.67%  acetone 

Corresponding  vapor  (by  extrapolation) 97 .40%  acetone 


Table  XXX.—Run  B. 

Weisht  of 
distilUte. 
No.  of  distillate.  Grams. 

1 9.19 

2 9.43 

3 ".42 

4 "-83 

5 9.42 

6 10.63 


Molar  %  of 


X  of  refraction. 

acetone 

1.36487 

96.27 

I .36505 

96.32 

1.36532 

96.08 

1.36600 

95.76 

1.36677 

95.42 

1.36727 

95.19 

Table  XXXI. 

Combined 
compo- 
Combined  sition. 
DistJUates  weight.  (Molar  %  Dbtillates 

coabioed.  Grams,  acetone.)     combined. 

Koi    1 9.19  96.27 

Not.  1+2 18.62  96.25 

No^  1+2+3 30.04  96.18 

Nofc  1+2+3+4 41.87  96.08 

NoM +2+3+4+5 51.29  95.94 

Net  1+2+3+4+5+6 61.92  95.82 


Combined 

compo- 

Combined  sition. 

weight.  (Molar  % 

Grams,   acetone.) 


No.    6 10.63  95.19 

Nos.6+5 20.05  95.29 

Nos.6+5+4 31.88  95.50 

Nos.6+5+4+3 43.30  95.63 

Nos.  6+5+4+3+2 52.73  95.74 

Noa.  6+5+4+3+2  +  1 61.92  95.82 


Original  mixture  (refractive  index  -  1.38294) 87 . 1 1%  acetone 

Corresponding  vapor  (by  extrapolation) 96.35%  acetone 

Reaidae  (refractive  index  -  1.39361) 80.79%  acetone 

C^orrcspondiag  vapor  (by  extrapolation) 94.90%  acetone 


Tablb  XXXII.— Run  C 

Weight  of 
Na  of  distillate, 

distillate.     "  Ckams. 

1 8.62 

2 12.68 

3 ".58 

4 »3.45 

5 9.53 

6 10.22 


Index  of 
refraction. 

Molar  % 
of  acetone. 

1.36968 

94.07 

1.36986 

93.99 

1.37050 

93.66 

I. 37160 

93.13 

1.37252 

92.65 

1.37354 

92.14 
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Tabl9  XXXIII. 


DUtii- 
latet 


Combined 
Com-      compo- 
bined       aition. 
weight.  (Molar  % 
Grams,    acetone.) 

No.  1    8.62  94.07 

Noa.1+2 21.30  94.02 

Noa.  1+2+3 32.88  93.90 

Noa.  1+2+3+4 46.33  93.73 

Noe.  1+2+3+4+5 55.86  93.50 

Noa.  1+2+3+4+5+6 66.08  93.29 


DtatU- 
latea 


Combined 
Com-      compo* 
bined      sitiaa. 
weight.  (Molar  % 
Grama,  acetone.) 


bined. 

No.    6 10.22  92.14 

Noa.  6+5 19.75  92.37 

Noa.  6+5+4 33.20  92.69 

Noa.  6+5+4+3 44.78  92.94 

Noa.  6+5+4+3+2 57.46  93.17 

Noa.  6+5+4+3+2  +  1 66.08  93.29 


Original  mixture  (refractive  index  -  1.3965 1) 79 .  02%  acetone 

Correapondlng  vapor  (by  extrapolation) 94. 10%  acetone 

Reaidue  (refractive  index  -  1.41311) 67.87%  acetone 

Correapondlng  vapor  (by  extrapolation) 91 .  70%  tfeetone 


Tablb  XXXIV.--RUN  D. 

Weight  of 

No.  of                                                        diatillate.  Index  of  Molar  % 

distillate.                                                      Grama.  refraction.  of  acetone. 

1 9.90  X. 37534  91.23 

2 10.22  1.37558  91.10 

3 10.57  1. 37651  90.61 

4 11.84  1.37790  89.88 

5 12.00  1.37950  89.01 

6 12.12  1. 38167  87.82 


TablB  XXXV. 
Combined 
compo- 


DiatilUtes 
combined. 


Combined      idtion. 
weight.   (Molar  % 
Grams,    acetone.) 


Combined 
oompo- 
Combined   iition. 
weight.  (Mobr% 
Grama,  acetone.) 


No.    1 9.90  91.23 

Noa.  1  +2 20.12  91.17 

Nos.  1  +2+3 30.69  90.98 

Noa.  1+2+3+4 42.53  90.68 

Nos.  1+2+3+4+5 54.53  90.31 

Noa.  1+2+3+4+5+6 66.65  89.86 


Distillatea 
combined. 

No.    6 12.12  87.98 

Nos.  6+5 24. 1 2  88.41 

Nos.  6+5+4 35.96  88.90 

Noa.  6+5+4+3 46.53  89.29 

Noa.  6+5+4+3+2 56.75  89.62 

Nos.  6+5+4+3+2  +  1 66.65  89.86 


Original  mixture  (refractive  index  -  1 .41202) 68 .64%  acetone 

Corresponding  vapor  (by  extrapolation) 91 .55%  acetone 

Reaidae  (refractive  index  »  1.43452) 51 .85%  acetone 

Correapondlng  vapor  (by  extrapolation) 87 .00%  acetone 


TablB  XXXVI.— Run  E- 

Weight  of 

dia^ate.  Molar  % 

No.  of  dlatUlate.                                             Grams.  Index  of  refraction.     '^    acetone. 

1 10.44  1. 38191  87.68 

2 12.12  1.38280  87.20 

3 11.52  1.38470  86.10 

4 11.56  1.38499  85.95 

5 11.46  1.38965  83.22 

6 11.80  1.39312  81. 11 
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Distillates 

combined.  Gcams. 

No.     1 10.44 

Nos,  1+2 22.56 

Nos.  1+2+3 34.08 

Nos.  1+2+3+4 45.64 

Nos.  1+2+3+4+5 57.10 

Nos.  1+2+3+4+5+6 68.90 


Com  bi  ned    sition. 
weight.    (Molar  ^ 


Tablb  XXXVII. 

Combined 
compo- 


acetone.) 
87.68 
87.42 
86.98 
86.72 
86.03 
85.20 


Distillate^ 
combined. 


Combined 

compo- 

Combined  sition. 

weight.  (Molar  % 

(^ams.  acetone.) 


No.    6 11.80       81.11 

Nos.  6+5 23.26       82.10 

Nos.  6+5+4 34.82        83.43 

Nos.  6+5+4+3 46.34       84.10 

Nos.  6+5+4+3+2 .*...     58.46       84.75 

Nos.  6+5+4+3+2+1 68.90       85.20 

.42767) 57.15%  acetone 

Corresponding  vapor  (by  extrapolation) 88.30%  acetone 

Rendne  (refractive  index  *  1.45463) 35 .43%  acetone 

Corresponding  vapor  (by  extrapolation) 80. 15%  acetone 


Original  mixture  (refractive  index  — 


No.  of 


I. 
2. 
3. 

4- 
5. 
6. 


Tablb  XXXVIII.— Run  P. 

Weight  of 
ittiUate 
ms. 

.58 

.71 


Index  of 
refraction. 


85 
80 

44 
80 


39302 
39574 
39943 
39943 
40041 
40247 


Molar  % 
of  acetone. 

81.16 

79.49 
77.18 
77.18 
76.54 
75.19 


Tabus  XXXDC. 

Combined  Combined 

DiatiUates                                                           weight  comMsition. 

combined.                                                          Grama.  (Molar  %  acetone.) 

No.    1 4.58  81.15 

Nos.  1+2 10.29  80.23 

Nos.  1+2+3 14.14  79.41 

Nos.  1+2+3+4 19.94  78.77 

Nos.  1+2+3+4+5 23.38  78.44 

Nos.  1+2+3+4+5+6 27.18  77.99 

Original  mixture  (refractive  faidex  -  1.45143) 38.29%  acetone 

Corresponding  vapor  (by  extrapolation) 81.1   %  acetone 


The  residue  in  this  case  could  not  be  analyzed. 


No.  of 
distiUatc 


Tabls  XL.--RUN  G. 

Weight  of 

dlstmate. 

Grams. 


...  3.04 

...  4.27 

. ..  5.53 

. ..  4.74 

. .  4.33 

. .  5.79 

Tabls  XU. 


Index  of 
refraction. 

1.42067 

1.42267 

1.42762 

I. 43197 

I. 43518 

1.43994 


Molar  % 
oft 


62.40 
60.92 
57.18 
53.83 
51.33 
47.55 


Distillates 
combined. 

No.    1.... 

Nos.  1+2. 


Combined 

weight. 

Grami. 

3.04 

7.31 


Noa.  1  +2+3 12.84 

Nos.  1+2+3+4 17.58 

Nos.  1+2+3+4+5 21.91 

Nos.  1+2+3+4+5+6 27.70 

Original  mixture  (refractive  index  *  1.47359) 18. 70%  acetone 

Corresponding  .vapor  (by  extrapolation) 63.60%  acetone 


Combined 
composition. 
(Molar  %  acetone.) 
62.39 
61.54 
59.68 
58.14 
56.83 
54.95 
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The  residue  in  this  case  could  not  be  analyzed. 
Table  XLIL— Run  H. 


No.  of  distniate. 

I 

2 

3 

4 

5 

6 


Wdf  ht  of 

disti&ate. 

Grams. 

Index  of  refractioiK 

Molar  % 
acetone. 

5.36 

1.44386 

44.38 

3.86 

1.44838 

40.70 

5.99 

1.45233 

37.37 

5.90 

1.45547 

34.72 

4.94 

1.45898 

31.70 

6.64 

1.46340 

27.88 

■* Ttz i3 7ti is is if a& — 2&- 

Fig.  6. — Chloroform — toluene. 
Table  XUII. 

Combined  Combined 

Distillates                                                            weight.  composition, 

combined.                                                          Grams.  (Molar  %  acetone.) 

No.  1 5.36  44.38 

Nos.  1+2 9.22  42.85 

Nos.  1+2+3 15.21  40.73 

Nos.  1+2+3+4 21. n  39.08 

Nos.  1+2+3+4+5 26.05  37.71 

Nos.  1+2+3+4+5+6 32.69  35.78 

Original  mixture  (refractive  index  i-  1.48221) 10. 77%  acetone 

Corresponding  vapor  (by  extrapolation) 44.90%  acetone 
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The  residue  in  this  case  could  not  be  analyzed. 
The  results  of  all  measurements  in  the  case  of  acetone 
hibited  by  the  curves  of  Fig.  6. 


-toluene  are  ex- 


Section  IX.— Results  for  Ethyl  Iodide— Ethyl  Acetate. 


Table  XXIV.— Run  A. 


Wdght  of  distillate. 
No.  of  distiUftte.  Gruna. 

1 14.21 

2 11.90 

3 12.56 

4 12.50 

5 13.13 

6 11.66 

7 12.62 

TablB  XXV. 

Combined 
compo- 
Combined     tition. 
Distillates  weight.      (Molar 

coffibined.  Grams. 

No.  1 14.21 

N08.  1+2 26.11 

N08.  1+2+3 38.67 

Noa.  1+2+3+4 51.17 

Nos.  1+2+3+4+5 64.30 

Nos.  1+2+3+4+5+6 75.96 

Nob.  1+2+3+4+5+6+7..  88.58 


Index  of 
refraction. 

1.38261 

1.38246 

I. 382 10 

I. 38167 

I. 38133 
I. 38 106 
1.38053 


Molar  %  at  CiEbL 
12.78 
12.64 
12.28 
11.86 

11.55 
11.28 
10.76 


%CiHiI.) 
12.78 
12.72 
12.57 
12.40 
12.23 
12.08 
11.89 


Combined 

Com>      compo- 

biaed       sltlon. 

weight.  (Molar  % 

Grams.    CftHiL) 


Distillates 
combined. 

No.    7 12.62        10.76 

Nos.  7+6 24.28        11.01 

Nos.  7+6+5 37.41        11.20 

Nos,  7+6+5+4 49.91        11.36 

Nos.  7+6+5+4+3 62.47        11.55 

Nos.  7+6+5+4+3+2 74.37        11.72 

Nos.  7+6+5+4+3+2  +  1....     88.58        11.89 

Original  mixture  (refractive  index  -  1.37875) 9.01%  CiHiI 

Corresponding  vapor  (by  extrapolation) 12.95%  CtHsI 

Residne  (refractive  index  -  1.37678) 7.05%  CtHJ 

Corresponding  vapor  (by  extrapolation) 10.45%  CiHiI 


No.  of  distillate. 
I 


Oistfllates 
combined. 

No. 


1. 


Grams. 

10.93  21.26 

Noa  1+2 27.32  21.19 

Nos.  1+2+3 42.95  20.93 

Nos.  1+2+3  +  4 57.59  20.68 

Nos.  1+2+3+4+5 73.23  20.39 

No^  1+2+3+4+5+6 92.85  20.00 


Tablb  XXVI.— Run  B. 

Weight  of  distntate.  Index  of 

Grams.  refraction. 

10.93  I. 39167 

16.39  I. 39158 

15.63  1.39080 

14.64  1.39023 

15.64  1.38956 

19.62  1.38870 

Tabl«  XLVII. 
Combined 
compo> 
Combined    sltion. 
weight.    (Molar  %  Distlllatas 
CsH«I.)      combined. 


Molar  %  of  CiHiL 
21.26 
21.15 
20.47 
19.94 
19.35 
18.55 

Combined 


Combined  1 

weight.    (Molar 
Grams.  %  CiHiI.) 

18.55 


No.    6 19.62 

Nos.  6+5 35.26  18.91 

Nos.  6+5+4 49.90  19.21 

Nos.  6+5+4+3 65.53  19.51 

Nos.  6+5+4+3+2 81.92  19.83 

Nos.  6+5+4+3+2  +  1 92.85  20.00 


Original  mixture  (refractive  index  -  1.38589) 15.90%  CjH»I 

Corresponding  vapor  (by  extrapolation) 21 .75%  CtHtl 

Residue  (refractive  index  -  1.38242) 12.59%  CsHJ 

Corresponding  vapor  (by  extrapolation) 18.00%  CtHiI 
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Distilliiles 
combined. 


Tablb  XLVIII.— Rim  C. 

Weight  of  distillate.  Index  of 

No.  of  distillate.  Grams.  refraction. 

1 16.59  1. 40119 

2 16.88  1.40070 

3 14.76  1.39992 

4 12.29  1.39943 

5 16.91  1.39884 

6 1549  1.39802 

TablS  XLIX. 

Combined 
compo- 
Combined     sition. 
weight.      (Molar 


MoUr  %  of  CiIUI. 

29  74 
29.31 
28.63 
28.21 
27.68 
26.96 

Combined 


Grams.   %  CfHtl.) 


No.     1 16.59  29.74 

Nos.  1-1-2 33.47  29.52 

No.-».  1+24-3 48.23  29.25 

Nos.  1+2+3+4 60.52  29.04 

Nos.  1+2+3+4+5 77.43  28.74 

Nos.  1  +2+3+4+5+6 92.92  28.44 


Distillates 
combined. 

No.    6.... 


Combined,  sitioo. 
weight  (MoUr 
Grams.  %CiHJ.) 


15.49 

Nos.  6+5 32.40 

Nos.  6+5+4 44.69 

Nos.  6+5+4+3 59.45 

Nos.  6+5  +4+3+2 76.33 

Nos.  6+5+4+3+2+1 92.92 


Original  mixture  (refractive  index  -  1 .39390) 23 .  26%  CsHJ 

Corresponding  vapor  (by  extrapolation) 30. 10%  CaHiI 

Residue  (refractive  index  -  1.39013) 19.87%  CiH»I 

Corresponding  vapor  (by  extrapolation) 26.42%  CiH»I 


26.96 
27.33 
27.57 
27.84 
28.16 
28.44 


ethyl 


The  results  in  the  case  of 
iodide — ethyl  acetate  are  exhibited 
by  the  curve  of  Fig.  j,  in  whicJi 
the  abscissae  show  the  composition 
of  the  liquid  and  the  ordinates  that 
of  the  corresponding  vapor.  Owing 
to  lack  of  material,  only  three  runs 
were  made  in  this  case,  3delding  six 
points,  within  a  range  of  about  25% 
of  iodide  in  the  liquid  phase. 

Section  X.— The  Boiling  Tempera- 
tures of  the  Mixtures. 

The  boiling  point  curve  of  mix- 
Pig.  7.-Ethyl  iodide^thyl  acetate.     ^"^^^  f,  carbon  disulfide  and  carbon 
Abscissae  =  molar  per  cents  ethyl  iodide  tetrachloride,  shown    m    Fig.  3,  is 
in  liquid.  based  on  measurements  (imder  760 

Ordinates  =  molar  per  cents  ethyl  iodide  mm.)  reported  in  an  older  communi: 
in  vapor.  cation.'  The  curves  for  chloroform— 

toluene  (Fig.  5)  and  acetone — ^toluene  (Fig.  6)  reproduce  observations  tabu- 
lated below.  In  the  course  of  these  observations,  carried  out  with  the  aid  of 
an  Oddo  ebuUioscope  and  standardized  thermometers,  the  barometric 
pressure  varied  irregularly  within  one  or  two  millimeters.  No  measures 
were  taken  to  avoid  this,  since  such  variations  of  pressure  could  have  no 
appreciable  influence  on  the  composition  of  the  vapors. 
^  Rosaooff  and  Basley,  Loc,  ciL,  p.  ^2. 
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Tabia  L.— Boiung 

Points  op 

Mixtures  op  Chloroform  and 

T0LUBN8.       Bar. 

Prbssurk, 

743.7  *  2  mm. 

Molar  %  CHCb. 

BoOinK  point. 

0 

108.92" 

7.86 

103.58 

15.96 

98.72 

25.46 

93.38 

34.64 

88.30 

43.33 

83.94 

54.44 

78.17 

64.66 

73.65 

74.70 

69.67 

86.54 

65.35 

100 

61.33 

Tabids  LI. — Boiling  Points  op 
MncTURBs  op  Acstonb  and 
ToLUBNB.  Bar.  Prsssurb, 
751.3  ^  0.2  mm. 

Molar  %  (CHs)tO.        BoilinK  point. 


0 

109.43 

14.99 

88.28 

34.63 

74.93 

51.42 

68.77 

65.98 

64.37 

78.71 

61.22 

89.99 

58.71 

too 

56.50 

Summary. 

A  method  and  apparatus  are  described  for  determining  the  composi- 
tion of  vapors  in  equilibrium  with  liquid  mixtures;  the  method  is  rapid 
and  requires  no  special  experience  on  the  part  of  the  manipulator.  Also, 
results  of  measurements  are  given  for  the  following  four  cases:  Carbon 
disidfide — carbon  tetrachloride,  chloroform — ^toluene,  acetone — toluene, 
and  ethyl  iodide — ethyl  acetate.  These  data  were  needed  here  in  con- 
nection with  a  study  of  fractional  distillation,  and  the  measurements  were 
therefore  carried  out  isopiesticaUy,  imder  ordinary  atmospheric  pressiu-e. 

It  is  a  pleasure  to  gratefully  acknowledge  that  the  work  described  in 
this  communication  was  rendered  possible  by  a  grant  from  the  Rumford 
Fund  of  the  American  Academy  of  Arts  and  Sciences. 

WoKCsaiVK,  Mass. 


[Contribution  prom  thb  W.  Gibbs  Memorial  Laboratory  of  Harvard  Univsr- 

SITY.] 

THE  FREEZING  POINT  OF  BENZENE  AS  A  FIXED  POINT  IN 

THERMOMETRY. 

Bt  Tbsodorb  W.  Richaxos  AMD  JOBXT  W.  Shiflsy. 
Received  July  3.  1914. 

The  transition  temperatures  of  hydrated  crystalline  salts  probably 
afford  the  most  convenient  and  exact  means  of  fixing  points  on  the  thermo- 
metric  scale  between  o®  and  loo**  C.  A  number  of  these  have  been  de- 
termined in  this  laboratory,  chief  among  which  are  the  transition  tempera- 
ture for  sodium  sulfate,^  the  dekahydrate  of  sodium  chromate  into  hexa- 
hydrate  and  into  tetrahydrate,*  the  dihydrate  of  sodium  bromide  into  the 
anhydrous  salt/  the  transition  of  manganese  chloride  from  the  tetra- 

1  Richards,  Am.  J.  Set.  (1898) ;  Richards  and  Wells,  Proc,  Am.  Acad,,  38, 431  (1902). 

*  Richards  and  Kelley,  Ibid.,  47,  171  (191 0;  Tins  Journal,  33,  847  (1911). 

'Richards  and  Wells,  Froc.  Am.  Acad.,  41,  435  (1906). 
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hydrate  into  the  dihydrate,^  and  the  transition  of  dekahydrated  sodium 
carbonate  into  the  heptahydrate.*  These  points  are  perfectly  definite, 
subject  to  no  appreciable  change  by  ordinary  changes  in  atmospheric 
pressure,  and  usually  involve  considerable  latent  heat  of  transition.  Most 
of  them  are  easily  reproducible.  For  these  reasons  they  are  very  useful 
in  calibrating  thermometers. 

The  use  of  the  freezing  points  of  liquids  for  determining  fixed  points  on 
the  thermometric  scale  probably  comes  next  to  transition  temperatures 
in  regard  to  convenience.  Freezing  points,  like  transition  temperatures, 
are  more  constant  than  boiling  points,  because  the  influence  of  change  in 
atmospheric  pressure  is  usually  negligible.  On  the  other  hand,  however, 
the  purity  of  the  substance  chosen  becomes  a  very  important  issue.' 
Most  liquids  (except  water  and  merciuy)  are  very  difficult  to  prepare  in 
a  pure  state;  and  volatile  impurities  which  scarcely  affect  the  boiling  point 
may  very  seriously  change  the  freezing  point.  For  this  reason,  the  transi- 
tion temperatures  of  pure  salts  are  often  preferable;  such  a  substance 
as  sodium  sulfate  is  very  easily  purified  by  crystallization. 

In  other  respects  the  errors  to  which  the  two  types  of  equilibrium  are 
subject  are  very  similar.  Both  are  liable  to  supercooling  or  superheating 
in  the  hands  of  the  incautious  experimenter;  but  in  both,  these  sources 
of  error  are  easily  and  completely  eliminated  by  the  use  of  plenty  of  each 
phase  concerned,  by  proper  protection  of  the  system  from  gain  or  loss  of 
heat  with  the  help  of  an  air-jacket  and  a  like  surrounding  temperature, 
and  by  adequate  but  not  too  violent  stirring.  In  both,  the  point  is  sharper 
and  more  accturate  the  greater  the  latent  heat  of  melting.  This  is  not  only 
because  outside  heating  or  cooling  is  more  quickly  taken  up,  when  this  is 
large,  but  also  because  the  influence  of  foreign  substances  on  the  freezing 
point  is  inversely  proportional  to  the  latent  heat  of  fusion,  provided  that 
the  crystals  are  uncontaminated  by  solute.  This  is  expressed  by  a  trans- 
position of  the  well-known  equation  of  van't  Hoff,  AT  =  RT^/Mwl,  which 
gives  the  depression  produced  by  i  gram  of  dissolved  substance  of  molecular 
weight  M  dissolved  in  w  grams  of  solvent  having  a  latent  heat  of  fusion 
/  per  gram.  The  following  table,  therefore,  shows  that,  whereas  benzene 
is  a  good  substance  for  this  purpose,  such  substances  as  cyclohexane  and 
cyclohexanol  (especially  the  latter)  are  very  unsuitable. 

Latent  Hqat  op  Fusion  of  Four  Substances. 

Water 79.8    cal.  per  gram 

Benzene 30.  i    cal.  per  gram 

Cyclohexane 8.8    cal.  per  gram 

Cyclohexanol 2 .94  cal.  per  gram 

*  Richards  and  Wrede,  Ibid.,  43,  343  (1907)  (Univ.  of  Berlin). 
'  Richards  and  Fiske,  This  Journal*  36,  486  (1914). 

*  Landolt,  "t^ber  die  genaue  Bestimmtmg  des  Schmelzpunktes  organisdier  Sub- 
stanzen."  Z.  physik.  Chem.,  4,  349  (1889). 
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Tlie  presence  of  0.001  %  of  water  lowers  the  freezing  point  of  cyclohexanol 
by  0.02°,^  whereas  the  same  amount  of  this  impmity  affects  the  freezing 
point  of  benzene  by  less  than  0.002  ^.' 

Another  property  adds  to  the  satisfactory  nature  of  benzene  for  this 
purpose,  namely,  the  possibility  of  freeing  it  from  most  of  its  impurities 
by  fractional  crystallization  or*  freezing.  Thiophene,  it  is  true,  cannot  be 
separated  in  this  way,  but  this  impurity  may  easily  be  removed  chemically. 
On  the  other  hand,  paraffin  hydrocarbons,  olefines,  acetone,  and  most 
other  impurities  are  quickly  eUminated  from  the  successive  crops  of  crystals. 

The  fact  that  the  melting  point  of  these  crystals  is  5.5°  above  that  of 
water — just  the  length  of  the  usual  Beckmann  scale — makes  it  an  especially 
useful  fixed  point,  for,  with  the  help  of  these  two  melting  points,  any  such 
thermometer  may  be  easily  standardized,  and  then,  with  the  help  of  the 
well-known  correction  f actor,  used  with  confidence  at  any  other  tempera- 
ture— provided  that  due  precautions  be  taken  for  correcting  the  result 
for  the  temperature  of  the  exposed  thread. 

For  these  reasons  it  seemed  to  us  worth  while  to  make  a  careful  study  of 
this  point,  especially  because  the  published  work  of  others  is  conflicting 
with  regard  to  it.  Patemo*  gives  three  values,  5.53 ^  5.55  ^  and  5.48®, 
while  Lachowicz^  gives  5.42  ^  and  Young,^  5-58^.  The  discord  among 
these  and  other  values  is  probably  due  to  inaccurate  thermometry. 
,-  As  many  of  the  observers  were  principally  concerned  with  the  purity 
of^their  benzene  rather  than  with  its  absolute  freezing  point,  the  constancy 
of^the  melting  temperature  and  not  its  exact  value  was  all  that  was  needed, 
but^of ^course  for  other  purposes  the  exact  point  must  be  known. 

'Dr.  P.  Barry,  in  1910,  and  Dr.  H.  S.  Davis,  in  1913,  under  the  direction 
of  one  of  us,  prepared  benzene  in  a  very  pure  state  in  order  to  determine  its 
heat  of  combustion  as  a  standard  of  comparison  for  other  organic  substances. 
Their  final  values,  as  determined  by  our  best  thermometers,  were  5^.84^ 
and  5.486^,  respectively.  These  results  were  entirely  independent,  as 
the  necessary  corrections  had  not  been  applied  to  the  earlier  thermometric 
readings  when  the  later  ones  were  made.  Both  experimenters  determined 
the  ice  point  on  standard  thermometers  immediately  after  taking  the 
melting  point  of  the  benzene/  Neither  of  these  investigations  have  as 
yet  been  published,  but  they  will  soon  appear  in  print. 

Prom  this  earUer  work  it  was  apparent  that  the  true  freezing  point  of 

>  Richards  and  Shipley,  in  a  research  as  yet  unpublished. 

>  Hertz,  Ber.,  31,  2669  (1898). 

'  Paterno,  Gazz.  chim.  ital.,  37f  I.  4«  1-536  (1897). 

*  Lachowicz,  Ber.,  21,  2206  (1888). 

•Young,  Proc.  Ray.  Soc,  Dublin,  12,  31,  385  (19x0);  Trans.  Chem.  Soc.,  40,  486 
(1899).  Professor  Young,  in  private  correspondence,  has  stated  that  not  much  pains 
had  been  spent  upon  thermometric  precautions  in  his  work.  We  are  much  obliged  to 
him  for  the  trouble  he  has  taken  in  consulting  his  original  records. 
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benzene  probably  lies  between  5.48^  and  5.50^  with  indication  of  the  value 
5.485  **;  yet  more  exhaustive  work  was  needful  in  order  to  permit  its  use 
as  a  fixed  point  in  thermometry.  For  this  purpose  we  deemed  it  advisable 
to  obtain  benzene  from  two  entirely  different  sources.  Commercial 
"c.  p."  benzene  procured  from  the  distillation  of  a  Pennsylvania  coal- 
tar  was  the  starting  point  for  one  preparation,  and  another  specimen  con- 
sisted of  benzene  prepared  S3nithetically  from  benzoic  add  by  a  well- 
known  German  firm.  The  two  samples  were  carried  through  the  same 
process  of  purification  as  follows: 

(a)  About  600  cc.  of  the  benzene  were  shaken  with  dean  mercury.  No 
darkening  of  the  surface  of  the  mercury  was  observed. 

(b)  The  benzene  was  next  shaken  on  a  shaking  inachine  (about  2.5 
hours  eadi  time)  with  six  successive  quantities  of  concentrated  sulfuric 
add.  The  add  was  deeply  bladcened  by  the  first  foiu:  treatments,  indi- 
cating the  presence  of  substances  charred  by  the  action  of  strong  add,  but 
the  last  two  showed  only  a  sUght  yellow  coloration. 

(c)  The  benzene  was  next  washed  with  two  quantities  of  water  and  then 
shaken  out  with  a  concentrated  solution  of  sodium  hydroxide,  followed 
by  two  more  washings  with  water. 

(d)  Following  this  came  cmother  shaking  out  with  mercury  far  about 
fotu-  hoturs.  A  considerable  blackening  of  the  surface  of  the  metal  was 
observed. 

(e)  After  washing  several  times  with  water,  the  benzene  was  dried  over 
caldum  chloride  and  sodium  and  distilled.  Almost  all  of  the  product 
came  over  within  0.05°;  that  fraction  distilling  between  80.15  °  and  80.18° 
(imcorrected)  was  preserved  for  further  purification. 

(/)  The  benzene  was  next  recrystallized  in  porcelain,  the  coal-tar  product 
six  times,  the  S3mthetic  five,  and  the  fractions  were  preserved  over  sodium 
in  glass  bottles  kept  in  the  dark.  The  sodium  was  freshly  cut  and  allowed 
to  stand  for  some  time  in  the  mother  Hquor  of  the  second  crystallization 
before  being  put  through  the  soditmi  press. 

Before  determining  the  freezing  point  of  the  purified  samples  of  benzene, 
the  excellent  Beckmann  thermometer  to  be  used  was  carefully  compared 
with  a  standard  instrument,  Baudin  No.  15200,  which  had  been  standard- 
ized by  the  Bureau  International  des  Poids  et  Mesures  in  Paris,  and  fre- 
quently used  for  the  most  accurate  thermometric  work  in  this  laboratory.* 
The  Beckmann  thermometer  (P.  T.  R.  31827)  was  graduated  in  hundredths 
and  covered  a  scale  of  six  degrees,  the  length  of  a  degree  being  3.8  cm. 
It  had  been  calibrated  by  the  Physikalisch-Technische  Reichsanstalt, 
Berlin,  in  1907.  The  comparison  of  the  instruments  was  carried  out  in 
collaboration  with  Dr.  T.  Thorvaldson,  to  whom  we  wish  to  express  our 
gratitude  for  his  kind  assistance.  The  thermometers  were  con4)ared  at 
*  See  Proc,  Am,  Acad.,  38,  434  (1902);  Z,  physik.  Ckem,,  443,  467  (1903). 
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two  points:  the  ice  point  of  benzene  and  the  ice  point  of  water.  The  ben- 
zene used  was  commercial  c.  p.  benzene  distill^  and  dried  over  soditmi. 
Since  the  determinations  were  for  comparative  purposes  only,  the  purity 
of  the  benzene  was  not  yet  in  question,  but  the  ice  point  of  water  was, 
of  course,  carefully  determined  immediately  afterwards  under  precisely 
parallel  conditions. 

The  readings  were  taken  immediately  after  vigorous  stirring  of  the  mix- 
ture and  the  two  thermometers  were  read  practically  simultaneously. 
The  measurement  of  the  temperatures  was  carried  out  in  accordance  with 
the  precautions  pointed  out  by  one  of  us  in  a  recent  publication.^ 

In  this  way  it  was  fotmd  that  a  range  of  5.125  ^  on  the  Beckmann  corre- 
sponds to  5.104^  as  read  on  the  corrected  standard  Baudin;  or  i.ooo^ 
as  read  on  the  former  over  this  range  of  temperature  corresponds  to  0.9958** 
on  the  hydrogen  scale.  This  was  essentially  the  value  given  by  the  Reichs- 
anstalt  for  this  thermometer  under  these  conditions. 

The  Beckmann  apparatus  was  used  in  the  freezing  point  determinations, 
about  30  g.  of  substance  being  employed.  The  apparatus  was  swept  with 
a  current  of  air  dried  with  sulfuric  acid  and  the  benzene  was  distilled  di- 
rectly into  the  apparatus  through  the  side  tube,  the  thermometer  and  stirrer 
being  already  in  place.  The  first  third  of  the  distillate  was  rejected. 
During  the  distillation,  as  well  as  during  the  determination,  a  slow  ciurent 
of  dry  air  was  allowed  to  pass  in  through  the  side  tube,  thus  preventing 
the  access  of  moisttu-e  from  the  atmosphere.  Such  contamination  was 
especially  liable  to  happen  during  the  operation  of  stirring.  The  benzene- 
ice  was  present  in  varying  quantities  and  conditions.  The  most  satis- 
factory mixture  was  obtained  by  subcooling  the  liquid  several  degrees, 
and  then,  by  vigorous  agitation,  producing  a  large  crop  of  finely  divided 
crystals.  It  was  found,  however,  that  so  long  as  plenty  of  crystals  were 
present,  the  outside  bath  was  not  too  cold,  and  adequate  stirring  was 
employed,  the  same  constant  freezing  point  was  obtained  with  both  finely 
divided  and  large  crystals.  The  ptuity  of  the  benzene  was  indicated  by 
the  constancy  of  the  freezing  point  with  diminishing  proportion  of  mother- 
liquor,  as  the  freezing  progressed.  Great  constancy  was  observed  in  the 
fifth  and  sixth  crystallizations  of  the  coal-tar  product,  and  in  the  foiulh 
and  fifth  of  the  S3mthetic  benzene. 

Immediately  after  determining  the  freezing  point  of  benzene,  the  ice 
point  of  water  was  taken  in  the  same  apparatus.  Freshly  distilled  water 
was  boiled  and  frozen  under  a  variety  of  conditions;  constant  results 
were  obtained  with  the  same  precautions  as  in  the  case  of  benzene;  and 
this  outcome  was  confirmed  by  the  immersion  of  the  instrument  in  a  large 
bath  of  pure  ice  and  water. 

^Richards,  "The  Measurement  of  Temperature  in  the  Operations  of  Analytical 
Chemistry/'  Grig,  Camm.  8ih  Congress  of  Applied  Ckem.,  1912. 
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The  ice  points  of  water  and  benzene  were  thus  observed  in  the  same  ap- 
paratus in  the  same  way  and  with  the  same  depth  of  immersion  of  the  bulb 
and  the  same  length  of  merctuy  column  exposed  to  room  temperature. 
The  only  stem  correction  necessary  was  that  for  the  difference  between 
the  room  temperature  and  the  temperature  of  the  freezing  point  of  benzene, 
applied  to  the  number  of  degrees  between  the  ice  point  of  water  and  of 
benzene. 

The  samples  used  in  each  trial  were  as  follows: 

A.  Coal-tar  benzene,  5th  recrystallization 

B.  Coal-tar  benzene,  6th  recrystallization 

C.  Synthetic  benzene,  4th  recrystallization 

D.  Sjmthetic  benzene,  5th  recrystallization 

E.  Coal-tar  benzene,  5th  recrystallization 

Table  I  stmimarizes  the  results  with  the  Beckmann  thermometer 
P.  T.  R.  No.  31827. 

TAB13  I. 

Constant  Beck-  Ice  Total  IVue 

Sample.  maim  reading.  point.  Difference.  cocrection.i  temp. 

A 5-822  0.300°  5.522  — 0.038  5.484° 

B 5.821  0.300*  5.521  —0.038  5.483* 

C 5-772  0.249**  5.523  —0.038  5. 485* 

B 5.772  0.249*  5.523  —0.038  5.485' 

E 5760  0.237*  5.523  —0.038  5.485* 

Average  -      5*484* 

Trials  A  and  B  were  made  on  the  same  day;  C  and  D  were  made  about 
four  weeks  afterward;  and  E  was  made  yet  three  weeks  later.  These 
tests  show:  first,  that  the  coal-tar  material  (A,  B  cmd  E)  was  essentially 
identical  (at  least  as  regards  melting  point)  with  the  synthetic  material; 
and  secondly,  that  fiuther  reoystallization  caused  no  change  in  the  value. 
Hence,  the  presumption  is  that  these  results  give  the  true  value  correspond- 
ing to  the  pure  substance. 

Although  these  results  are  very  concordant  and  indicate  that  the  freez- 
ing temperattu^  of  benzene  affords  an  accurate  point  for  thermometric 
work,  it  was  deemed  advisable  to  take  a  series  of  observations  directly 
on  a  Baudin  standard  instrument,  in  order  to  verify  the  absolute  value 
of  the  above  series  of  results.  A  shorter  wide  test  tube  was  substituted 
for  the  inside  tube  of  the  Beckmann  apparatus,  and  through  the  cork  of 
this  test  tube  passed  the  Baudin  thermometer.  No.  15200,  and  a  narrower 
tube  for  the  stirrer.  This  latter  had  a  side  arm,  through  which  a  current 
of  dry  air  passed  during  the  determination.  The  tube  was  submerged 
in  the  cool  outside  bath  to  within  0.5  cm.  of  the  bottom  of  the  coric,  and  the 

*  This  correction  was  in  each  case  — 0.023  for  the  fundamental  interval  (l.ooo* 
on  the  thermometer  =  0.9958  true  degrees)  and  — 0.015  for  the  5.50  stem  exposed  to 
the  constant  room  temperature  23*  or  — 0.038  in  all. 
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reading  of  the  Baudin  was  made  through  the  glass  aknost  at  the  surface 
of  this  bath.  By  this  means  the  necessity  for  any  stem  correction  was 
obviated.  The  ice  point  of  water  was  taken  immediately  afterwards 
in  the  same  apparatus  with  the  same  precautions.  Four  determinations 
were  made  on  three  successive  days,  the  last  two  being  made  on  the  same 
day.  The  readings  were  verified  in  each  case  by  Dr.  Thorvaldson.  In 
Table  II,  each  observed  reading  listed  is  the  average  of  a  number  of  inde- 
pendent observations  not  varying  between  theextremesby  more  than  0.003  ®. 
The  barometer  readings  for  three  days  varied  by  only  3  mm.,  the  readings 
being  763  mm.,  762  mm.,  and  765  mm.,  respectively.  Since  the  bulb  of 
the  thermometer  was  immersed  to  the  same  depth  in  each  determination, 
the  effect  of  the  exterior  pressure  was  identical  in  all  four  cases.  The  con- 
ditions of  the  experiments  were  so  chosen  that  all  other  corrections  were 
necessarily  invariable. 

TABI.B  II. 
Corrections  to  be  Applied. 

At  ice  point  benzene.  At  ice  point  water. 

Calibration +0.023  -I-0.002 

Interior  pressure +0.015  +0.009 

Exterior  pressure — o.ooi  — o.ooi 

Fundamental  interval +0.004  ^0.000 

Stem =*=o.ooo  =*so.ooo 


Total  correction +0.041  * 

Final  Reading,  Observed  and  Corrected. 


+0.010 


Benzene. 


Water. 


Deter- 
mination. 


Observed  melt-  Corr. 

ing  point.  Corr.  reading. 

F +5.688*'  +0.041*'  5.729° 

G 5.686*'  +0.041**  5.727** 

H 5»»688*'  +0,041*'  5.729° 

I 


Observed 
ice  point. 

0.208*' 

0.207*' 

0.207*' 


5.689**  +0.041*'       5.730°  0.207*' 


Deter- 
mination. 


Benzene 
melting  point 
corr.  reading. 


F 5.729° 

G 5.727° 

H 5.729° 

1 5.730** 


Water  ice 

point  corr. 

reading. 

0.218*' 

0.217* 

0.217** 

0.217** 


P.  pt. 
benzene. 

5.511° 
5.510** 

5.513° 
5.513° 


Corr. 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

Hyd.  Kale 
corr. 

-—0.030 

— 0.030 

— 0.030 

— 0.030 


Corr. 
reading. 

0.218** 

0.217** 

0.217** 

0,217** 

P.  pt. 

bensene 

hyd.  scale. 

5.481° 
5.480** 
5.482° 
5.483° 


Averages  5.482** 


This  compares  very  satisfactorily  with  the  values  previously  found,  as 
follows: 

Average  Variation  Iiiaximum  variation 

values.  from  mean,  between  extremes. 

Beckmann 5.484°  o.ooi  0.002 

Baudin 5.482**  0.002  0.003 
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The  true  freezing  point  of  benzene  may  then  be  safely  taken  as  5.483^. 
This  is  only  0.001  ^  diflFerent  from  the  result  of  Barry,  and  0.003®  different 
from  the  latest  and  best  trials  of  Davis. 

The  wide  deviations  of  others  are  probably  to  be  referred  chiefly  to 
doubtful  thermometry,  for  benzene  is  evidently  not  very  difficult  to  obtain 
in  a  pure  state. 

These  experiments  show  that  the  freezing  point  of  pure  benzene,  5.483  ^, 
is  attained  so  easily  that  it  may  be  used  as  a  very  satisfactory  fixed  point 
in  thermometry;  and  taken  in  connection  with  the  freezing  point  of  water, 
about  5.5®  below,  may  afford  an  excellent  means  of  fixing  two  points  on  a 
Becknuum  thermometer. 

The  authors  are  glad  to  express  indebtedness  to  the  Carnegie  Institution 
of  Washington  for  generous  support  in  this  investigation. 

Summary. 

The  results  of  this  research  may  be  summed  up  as  follows: 

(i)  Benzene  pure  enough  for  the  ptupose  in  hand  is  not  difficult  to 
prepare. 

(2)  With  due  precautions  in  the  thermometric  measurements  a  very 
definite  freezing  point  is  given  by  benzene.  The  true  value  is  determined 
by  constancy  after  repeated  fractional  crystallization. 

(3)  The  freezing  point  of  benzene  is  5483  ®  =*=  0.002  ^  on  the  international 
hydrogen  scale. 

(4)  This  fixed  temperature  may  be  advantageously  used,  in  connection 
with  the  ice  point  of  water,  for  calibrating  Beckmann  thermometers. 
Especial  attention  must  be  paid  to  the  temperature  of  the  exposed  column 
in  correcting  this  interval  for  use  at  other  temperatures. 

Cambudos,  Mam. 


[Contribution  ntOM  ths  Chemical  Laboratories  of  Clark  Univbrbity.] 
ON  THE  ABSORPTION  OF  GLUCOSE  BY  BONE-BLACK. 

[PRBI<IMINARY  COMMX7NICATION.] 
Bt  Harold  A.  Morton. 

In  connection  with  a  study  of  the  mutarotation  and  specific  rotatory- 
power  of  the  sugars,  I  have  been  obliged  to  ptuify  a  considerable  quantity 
of  glucose.  Using  bone-black  as  a  decolorizer,  I  observed  that  a  surpris- 
ingly large  quantity  of  the  sugar  was  extracted  by  the  bone-black  from 
the  aqueous  solution.  It  appeared  interesting  to  investigate  the  phe- 
nomenon S3rsteinatically,  the  question  being  whether  the  partition  of 
the  sugar  does  not  follow  some  simple  principle,  like  the  distribution  law. 

Preliminary  experiments  soon  indicated  that  at  ordinary  temperatures 
the  process  of  absorption  is  exceedingly  slow,  and  that,  to  obtain  results 
within  a  reasonable  time,  it  would  be  best  to  employ  a  temperature  of 
about  80  ^.    In  the  experiments  described  below,  a  Freas  constant  tem- 
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perature  oven  was  employed.  The  tubes  containing  the  mixtures  were 
kept  within  the  oven  in  a  large  bath  of  water  covered  with 
a  layer  of  oil.  In  this  manner  it  was  possible,  throughout  the 
experiments,  to  maintain  a  temperature  of  80.6°,  the  variations  from 
which  at  no  time  exceeded  0.2°.  The  glass  tubes  in  which  the  experi- 
ments were  carried  out  had  a  capacity  of  about  35  cc.  Into  each  tube 
was  introduced  a  carefully  weighed  amount  (about  3.5  g.)  of  bone-black 
and  a  measured  volume  (in  most  cases  23  cc.)  of  sugar  solution.  The 
tube  was  then  sealed  oflF,  the  bone-black  more  or  less  evenly  distributed 
throughout  the  solution  by  gentle  tapping,  and  the  tube  placed  hori- 
zontally in  the  bath.  In  some  cases  two,  in  others  three,  tubes 
of  the  identical  make-up  were  used,  to  permit  of  testing  the  attain- 
ment of  equilibrium  by  abandoning  the  tubes  for  different  lengths  of 
time.  Preliminary  experiments  had  indicated  that  as  80^  equilibrium 
is  not  attained  in  less  than  six  days,  and  consequently,  as  the  tables  show, 
none  of  the  tubes  were  removed  for  examination  in  less  than  this  time. 
In  most  cases  equilibrium  was  attained  after  about  ten  days  of  heating. 

Ordinary  distilled  water  was  employed  without  further  purification. 
The  sugar  was  purified  by  recrystallization  of  ptu%  anhydrous  glucose 
from  water  at  ordinary  temperatures;  the  resulting  monohydrate,  after 
being  air-dried,  was  used  as  such  for  making  up  solutions  of  approximately 
the  desired  strength.  The  exact  strength  of  the  solutions  was  then  de- 
termined polarimetrically  on  the  basis  of  Tollens's  measurements.^ 

Preliminary  experiments  having  indicated  that  no  commercial  bone- 
black  could  be  relied  on  to  be  sufficiently  pure,  Kahlbaum*s  best  bone- 
black  was  subjected  to  a  somewhat  laborious  process  of  purification. 
It  was  first  stirred  for  several  hours  in  a  large  volume  of  nearly  boiling 
2%  nitric  acid,  then  the  process  was  repeated  with  a  fresh  lot  of  nitric 
acid,  next  the  bone-black  was  similarly  treated  with  2%  solutions  of 
sodium  carbonate,  and  finally  all  soluble  salts  were  thoroughly  washed 
out  by  stirring  with  large  amounts  of  distilled  water.  On  filtering  off 
the  last  wash-water,  the  mass  was  carefully  dried. 

After  the  requisite  time  of  heating  in  the  thermostat,  each  tube  wasopened 
and  its  contents  filtered  through  a  layer  of  asbestos  in  a  Goocb  crucible, 
care  being  taken  not  to  lose  any  of  the  filtrate,  which  was  weighed.  In 
this  manner  it  was  learned  what  weight  had  been  lost  by  absorption  in 
the  bone-black.  The  filtrate  being  thereupon  analyzed  polarimetrically, 
it  further  became  clear  how  much  sugar  and  also  how  much  water  had 
been  taken  up  by  the  bone-black.  The  method  is  obviously  not  very 
precise,  for  in  spite  of  all  effort  a  certain  amount  of  the  solution  was  partly 
lost,  partly  retained  mechanically  by  the  bone-black,  but  forttmately 
the  inaccuracy  has  not  been  such  as  to  obscure  the  law  which  apparently 
^  Tolkns,  Ber.,  9,  1535  (1876}. 
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governs  the  results.  The  analyses  were  carried  out  with  the  aid  of  an  ex- 
cellent Lippich  saccharimeter  made  by  Schmidt  and  Haensch.  The 
Ventzke  degrees  originally  read  off  were  changed  into  circular  degrees, 
and,  further,  all  angles  given  in  the  tables  are  based  on  readings  obtained 
with  a  2  decimeter  tube. 

The  concentrations  of  the  seven  series  of  glucose  solutions  studied 
ranged  from  4.63%  to  50.58%,  so  that  the  regularity  exhibited  by  the 
results  can  hardly  be  accidental.  The  results  are  fully  reproduced  in  the 
tables,  which  will  explain  themselves. 

The  results  of  Series  I  to  VII  in  Table  I  would  seem  to  indicate  that 
the  absorption  of  glucose  from  aqueous  solution  follows  a  principle  very 
Hke  the  distribution  law.  In  these  preliminary  experiments,  it  was  not 
possible  to  undertake  a  determination  of  the  specific  volume  of  the  bone- 
black  after  it  had  taken  up  sugar,  in  order  to  ascertain  the  volimie-con- 
centration  of  sugar  in  the  bone-black.  The  distribution  law  in  its  ordi- 
nary form  could,  therefore,  not  be  tested.  On  the  other  hand,  it  was 
possible  to  compare  the  ratios  of  the  weight  of  sugar  per  gram  of  solution 
to  that  per  gram  of  bone-black  in  the  several  experiments.  The  results 
are  summarized  in  Table  II,  which  shows  that  those  ratios  are  practically 
equal  for  the  entire  ravage  of  concentrations  studied.  Thus  the  distribution 
law  seems  to  hold  true  here  in  some  approximate  form. 

Tabi«e  II. 


Original  concentration 

of  aqueous  solution. 

Per  cent. 

(in  liquid). 

(in  soUd). 

ei/<k. 

4.63 

0.0360 

O.II2 

(0.32) 

13.34 

O.II44 

0.254 

0.45 

17.75 

0.1572 

0.341 

0.46 

22.51 

0.2024 

0.431 

0.47 

34.42 

0.3165 

0.656 

0.48 

44.33 

O.4115 

0.909 

0.45 

50.58 

0.4738 

1. 075 

0.44 

Mean,  0.46 

The  distribution  constant  0.46  expresses  the  curious  fact  that  when 
equilibrium  has  been  attained  the  amotmt  of  sugar  contained  in  a  gram 
of  bone-black  is  more  than  twice  as  great  as  that  contained  in  a  gram  of 
solution,  which  would  scarcely  be  expected. 

But  the  data  contained  in  the  above  tables  indicate  further  that  the 
bone-black  had  taken  from  the  solutions,  not  only  part  of  their  glucose, 
but  also  part  of  the  water.  That  the  solution  is  not  taken  up  by  the  bone- 
black  without  change,  is  shown  by  the  observed  change  in  rotation  of  the 
solutions.  Table  III  shows  the  relative  amotmts  of  glucose  and  water 
in  the  bone-black  and  in  the  aqueous  solution.  The  weight  of  glucofe 
per  I  g.  wate^  in  the  bone-black  is  denoted  by  the  symbol  c\\  the  wti|^ 


Digitized  by  VjOOQIC 


ON  THB  ABSORPTION  OP  GLU(X>SE  BY  BONB-BI^CK.  1837 

of  glucx36e  per  i  g.  of  water  in  the  solution  is  denoted  by  c't.  I^eaving  out 
of  accotint  the  most  dilute  solution  (Series  I),  the  ratios  c't/c'u  shown 
by  the  last  horizontal  line  in  the  table,  may  probably  be  considered  as 
constant  within  the  errors  of  experiment.  However  this  be,  the  value  of 
the  ratio  indicates  that  the  solution  within  the  bone-black  is  at  least 
twice  as  concentrated  as  the  outside  solution. 

Tabids  III. 

Scrie*  No. 

I.  II.  iiL         rv.  V.  VI.       VII. 

Grams  glucose  in  final 
solution 0.691       2.334      3-191      4-129      6.836      9.053     10.566 

Grams  water  in  final  so- 
lution    18.5        z8.z        17. I         16.3        14.8        12.95       11.73 

Glucose  per  gram  of 
water  in  the  solution 
(c'l) 0.037      0.129      0.186      0.254      0463      0.699      0.900 

Grams  glucose  in  bone- 
black 0.389      0.902       I. 193       X.499      2.320      3.182      3.799 

Grams  water  in  bone- 
black 3.71        3.00        3.21        3.10        2.68        2.42        2.30 

(Muoose  per  gram  of 
water  in  the  bone- 
black  (c't) o.ios      0.301      0.372      0.484      0.865       1.316      z.65 

Glucose  per  gram 
of  water  in 
bone-black        _^  (c^) 

Glucose  per  gram      (c'x) 
of  water  in  so- 
lution 

It  finally  seemed  interesting  to  inquire  whether  bone-black  does  not 
take  up  water  according  to  some  principle  similar  to  that  followed  by  its 
absorption  of  glucose.    Table  IV  shows  this  to  be  the  case. 

Tablb  IV. 

Wtf.  Ws. 

Grunt  water  p«r  1  g.  Onms  water  per  1  g.  _.  ,_, 

ol  bone-bUck.  of  solution.  Wc/Wj. 

1.07  0.96  I.I 

0.86  0.89  t.O 

0.91  0.84  I.I 

0.89  0.80  I.I 

0.76  0.68  I.I 

0.69  0.59  1.2 

0.65  0.52  1-2 

Mean,  i .  i 

It  is  my  hope  to  continue  these  experiments  under  conditions  permitting 
of  greater  precision  of  measurement,  and  to  extend  them  to  a  number  of 
other  substances. 
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THE  VOLUMETRIC  ESTIMATION  OF  TITANIUM  BY  MEANS  OF 

FERRIC  CHLORIDE. 

By  T.  R.  Ball  ahd  G.  McP.  Smitb. 
Received  June  30.  1914. 

The  tedious  operations  involved  in  the  quantitative  separation  of  tita- 
nium from  iron,  aluminium,  etc.,  render  it  desirable  to  find  a  convenient 
and  reUable  volumetric  process  for  the  direct  determination  of  this  element 
in  the  presence  of  the  above  mentioned  substances. 

With  this  end  in  view,  various  processes  have  been  proposed  for  the 
volumetric  estimation  of  titanium.  All  of  these  are  based  upon  the  fact 
that  titanic  salts  are  under  certain  conditions  capable  of  being  reduced 
quantitatively  to  salts  of  trivalent  titanium,  which,  in  ttun,  may  readily 
be  oxidized  back  to  the  tetravalent  condition;  as  oxidizing  agents  for 
this  purpose  have  been  proposed,  potassium  permanganate,  methylene 
blue,  and  ferric  salts. 

Owing  to  the  diflRculty  experienced  in  titrating  with  permanganate 
in  the  presence  of  ferrous  iron  and  hydrochloric  acid.  Wells  and  Mitchell' 
reduce  the  iron  in  sulfuric  add  solution  with  hydrogen  sulfide,  and  then 
titrate  the  iron  alone  with  potassitun  permanganate.  In  the  resulting 
solution  they  reduce  the  iron  and  the  titanium  with  zinc,  after  which  both 
metals  are  titrated  with  potassium  permanganate.  The  titanium  is,  of 
course,  gotten  by  difference.  According  to  the  authors,  the  results  are 
always  somewhat  low. 

In  accordance  with  Wells  and  Mitchell,  Newton*  reduces  the  two  metals 
in  sulfuric  acid  solution  with  zinc,  in  an  atmosphere  of  hydrogen.  Then, 
however,  in  order  to  lessen  as  much  as  possible  the  oxidizing  action  of  air 
on  the  solution  during  the  subsequent  operations,  he  adds  an  excess  of 
ferric  sulfate  solution.  In  this  way,  the  titanous  sulfate  present  is  at 
once  oxidized  at  the  expense  of  an  equivalent  quantity  of  the  ferric  iron, 
and  the  total  ferrous  iron  in  the  resulting  solution  is  titrated  with  potas- 
sium permanganate.* 

*  Tais  JouRMAt,  z7,  878  (1895). 

*  Am,  J.  Set.,  2$f  130  (1908). 

'  According  to  either  of  these  methods,  it  is  necessary  to  correct  for  any  iron  which 
may  be  contained  in  the  zinc.  No  such  correction  has  to  be  made  in  the  case  of  the 
methylene  blue  and  ferric  salt  titration  methods. 
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Neumann  and  Murphy*  have  recently  investigated  the  use  of  methylene 
blue  as  an  oxidizing  agent  for  the  direct  titration  of  trivalent  titanium 
in  the  presence  of  ferrous  salts.  In  this  case  the  methylene  blue  is  decol- 
orized and  is  therefore  its  own  indicator.  While  the  results  obtained  are 
very  exact,  the  end  point  of  the  titration  is  rather  slowly  attained  and  is 
recognized  best  in  a  solution  heated  nearly  to  boiling,  whose  voltune  is 
about  150  cc,  and  to  which  a  very  considerable  proportion  of  concentrated 
hydrochloric  add  has  been  added.  Furthermore,  the  standard  solution 
of  methylene  blue  does  not  retain  its  strength;  it  must  occasionally  be 
standardized  against  known  quantities  of  freshly  reduced  titanium,  and 
this  also  detracts  somewhat  from  the  convenience  of  the  method. 

E.  Knecht,  who  first  made  use  of  titanous  salts  as  reducing  agents  in 
organic  chemistry,^  has  studied  their  action  also  upon  certain  inorganic 
salts.  Knecht  and  Hibbert*  have  recommended  the  use  of  titanous  chlor- 
ide solutions  for  the  volumetric  estimation  of  ferric  iron.  The  reaction  is 
indicated  by  the  equation: 

FeCU  +  TiCU  «  FeCl,  +  TiCU 

With  potassitmi  thiocyanate  as  an  indicator,  they  were  able  to  obtain 
very  satisfactory  results  for  iron,  and  their  method  has  been  found  by 
others  to  give  very  exact  results.  In  his  original  publication  Knecht  gives 
a  single,  somewhat  low,  result  obtained  by  emplo3dng  the  reaction  for  the 
estimation  of  titanium.^ 

F.  W.  Hinrichsen*  later  determined  titanium  by  means  of  ferric  iron 
with  results  which  he  does  not  give,  but  which  he  says  are  satisfactory. 
As  the  reducing  agent  he  recommends  a  50%  zinc-magnesium  alloy  in 
hydrochloric  add. 

^  Z.  angew,  Chem.,  a6,  613  (191a)-  Neumann  and  Murphy  in  their  paper  state 
tfatt  reaction  to  be  that  expressed  by  the  "equation:" 

C,JE[4,N,Sa  +  2TiCl,  +  HCl  »  CiJE[i,N,S  -f  2TiCl4. 
The  following  equation  is  probably  correct: 

CiiHitNiSCl  +  2TiCU  +  2HCI  -  CiiHioNiSa  -f  2Tia4. 
'  Ber,,  36,  z66  (1903).    The  methylene  blue  reaction  given  above  was  discovered 
by  Knecht. 

•  Ber.,  36,  1549  (1903). 

•  Neumann  and  Murphy,  loc.  cU.,  claim  that  the  degree  of  accuracy  attainable  by 
the  methylene  blue  method  is  greater  than  that  to  be  had  by  any  other  method  for  the 
determination  of  titanium,  and  that  it  is  the  only  method  which  permits  of  the  direct 
estimation  of  titanium  in  the  presence  of  iron,  silica,  alumina,  etc.  While  they  mention 
the  ferric  salt  method,  they  erroneously  state  that  it  can  be  used  only  in  connection  with 
"Rothe's  ether  method."  These  statements  are  justly  criticized  by  Knecht  (Z.  angew, 
Chem.,  a6,  734  (1913)),  but  Knecht  refers  only  to  the  work  of  Hinrichsen,  without 
giving  any  additional  data.  In  the  determination  of  titanium  by  any  of  these  volu- 
metric methods,  substances  such  as  tin,  chromium,  vanadium,  tungsten  and  molybdenum 
must  of  course  be  absent. 

•  Chem,  -?<I.,  3Xt  738  (1907). 
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G.  Gallo^  has  also  investigated  the  same  method.  He  recommends 
that  the  reduction  be  carried  out  with  zinc  at  10°  in  rather  strong  sulfuric 
acid.  His  results  are  very  good,  but  he  allows  12  hours  for  the  complete 
reduction  of  the  titanium. 

In  view  of  the  ease  with  which  standard  ferric  salt  solutions  may  be 
prepared  and  kept,  as  compared  with  those  of  titanous  salts  (which  have 
to  be  preserved  under  carbon  dioxide  or  some  other  inert  gas,  and  which 
even  then  require  frequent  standardization),  it  seems  strange  that  Knecht 
and  Hibbert  did  not  place  especial  emphasis  upon  the  use  of  the  above 
reaction  for  the  determination  of  titanium,  rather  than  for  that  of  ferric 
iron. 

Bxperimental. 

Standard  Titanium  Sulfate  Solution. — Exactly  6  g.  of  pure  KjTiFi* 
were  twice  evaporated  with  sulfuric  add.  The  residue  from  the  second 
evaporation  was  treated  with  a  few  cc.  of  sulfuric  add,  and  the  mixture 
was  then  taken  up  with  5%  sulfuric  add,  of  which  a  suffident  quantity 
was  finally  added  to  make  the  volume  up  to  i  liter. 

The  ignited  predpitate  obtained  upon  neutralizing  50  cc.  of  this  solu- 
tion with  ammonia,  adding  acetic  add  and  sodium  acetate,  and  boiling 
for  several  minutes,  weighed  0.1002  g.  (calculated  wdght  =  o.iooo  g. 
TiO,). 

A  second,  less  concentrated,  solution  was  prepared  by  making  100  cc. 
of  the  standard  solution  up  to  i  liter  with  5%  sulfuric  add. 

Standard  Ferric  Chloride  Solution. — Pure  ferric  chloride  was  dissolved 
in  water  with  the  addition  of  enough  hydrochloric  acid  to  give  a  perfectly 
clear  solution.  The  resulting  solution  was  standardized  by  nmning  30 
cc.  portions  of  it  from  a  buret,  with  stirring,  into  an  excess  of  aqueous 
ammonia;  in  each  case  the  predpitate  was  filtered  off  and  ignited  to  con- 
stant weight.  Two  such  determinations  gave  as  normality  factors  o .  05043 
and  0.05041 ;  the  mean  of  these  was  taken  as  correct. 

A  less  concentrated  solution  was  prepared  by  diluting  100  cc.  of  the 
standard  solution  to  a  volume  of  500  cc.  The  normality  of  this  solution 
was  taken  to  be  0.05042  -5-  5  =  0.010084. 

The  indicator  was  a  saturated  solution  of  potassium  thiocyanate,  of 
whidi  I  cc.  was  used  in  eadi  titration. 

Zinc  was  found  to  be  a  satisfactory  reducing  agent.  Several  other 
metals  were  tried. 

In  all  cases  the  titanous  solution  should  be  carefully  guarded  from  oxida- 
tion by  air  after  the  reduction  and  during  titration.  In  the  determina- 
tions to  be  given  below  the  solution  was  in  most  cases  protected  by  an 

>  AtH  Ray.  Acad,  d  Lincei,  [5]  x6,  I,  325-50;  Chem.  Zentrlb.,  1907,  p.  1600. 
*  This  salt  was  prepared  by  cn^tallizing  tliree  timea  in  platinum  pure  KsTiPf.HiiO 
from  dilute  hydrofluoric  add;  the  dried  product  was  finally  ignited  in  i^atinum. 
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ordinary  Contat-Gockel  valve.  This  does  very  well  if  the  solution  is  re- 
duced in  the  cold,  but  with  hot  solutions  the  slightest  cooling  causes  sodium 
bicarbonate  solution  from  the  valve  to  enter  the  reduction  flask.  White 
small  quantities  of  sodium  bicarbonate  do  no  harm,  larger  quantities 
use  up  much  of  the  add  and  it  might  therefore  be  desirable  to  prevent 
this  feature  altogether.  This  may  be  accomplished  by  means  of  the  modi- 
fied valve  shown  in  Fig.  i. 


Fig.  I. 

In  carrying  out  the  reduction  with  zinc,  it  is  not  always  practicable 
to  completely  dissolve  the  metal,  and  sometimes  it  is  almost  impossible 
to  do  so.  The  solution  must  be  filtered  therefore  before  titration  from 
the  untised  zinc,  even  when  sheet  or  bar  zinc  is  used.  Since  the  reduc- 
tion can  be  carried  out  at  room  temperature,  separatory  funnels  of  250 
cc.  capacity  are  recommended  as  containing  vessels.  A  glass  tube  of  the 
same  diameter  as  the  funnel  stem  and  about  4  inches  in  length  is  drawn 
out  from  its  middle  point,  and  upon  the  resulting  constriction  a  small 
mat  of  glass-wool  and  asbestos  is  placed,  to  serve  as  a  filter.  A  rubber 
(suction-flask)  stopper  is  fitted  upon  the  stem  of  the  funnel,  and  the  filter 
tube  is  then  attached  to  the  stem  by  means  of  rubber  tubing.  Before  be- 
ginning a  reduction,  the  fmmel  stem  and  filter  tube  are  filled  with  freshly 
boiled  water,  after  which  the  strongly  acid  solution  and  a  large  excess  of 
zinc  ate  introduced  into  the  ftmnel;  the  air  is  displaced  from  the  latter 
by  carbon  dioxide  from  a  generator,  and  the  mouth  of  the  funnel  is  then 
fitted  with  a  Contat-Gockel  valve.*  The  reduction  is  allowed  to  proceed 
for  about  2  hrs.,  after  which  the  valve  is  removed  and  the  solution  is  drawn 
through  the  filter  into  a  suction  flask  previously  filled  with  carbon  di(»ide, 
the  funnel  being  washed  out  with  freshly  boiled  water  in  such  manner 

*  If  the  modified  valve  shown  in  the  figure  is  used,  it  should  be  filled  with  carbon 
dknide  just  before  being  connected  with  the  funnel. 
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as  not  to  permit  the  entrance  of  any  air  into  the  funnel  tube;  the  end  of 
the  filter  tube  should  reach  to  the  bottom  of  the  suctioi)  flask.  After 
the  addition  of  the  indicator,  the  reduced  solution  is  rapidly  titrated  with 
standard  ferric  chloride  solution.^ 

The  apparatus  used  for  carrying  out  the  reduction  is  illustrated  in  Fig. 
I,  in  which  the  modified  valve  referred  to  above  is  shown,  instead  of  the 
ordinary  Contat-Gockel  valve. 

The  results  obtained  with  the  above  solutions  are  given  in  Table  I. 


Tabl«  I.« 

No. 

TiOi 
taken. 

TiOi 

found. 

9- 

PciOb  pres- 
ent before 
redaction,  g. 

Add  used. 

Tempcrs- 
ture  of        Perm 

z.... 

. . .   0.0600 

O.06OZ 

Nozie 

zo  cc.  HO  (sp. 

gr.  z. 

19)  Boiling  Bar 

2 

. ..   0.0390 

0.0389 

None 

10  CC.  HCl  (sp. 

gr.  z. 

Z9)  Room 

Granulated' 

3.... 

. ..   0.0500 

0.0503 

None 

zo  cc.  HtS04  (i 

*  Boilizig  Granulated 

4.... 

. ..    0.0500 

(0.0486) 

None 

zo  cc  HiS04  (i 

Boiling  Granulated 

5.... 

. .  .   0.0500 

0.0503 

None 

zo  cc.  HtS04  (z 

Room 

Granulated 

6.... 

. .  .    0.0500 

0.0504 

None 

zo  cc.  H1SO4  (z 

Room 

Granulated 

7.... 

. ..   0.0200 

0.0202 

None 

zo  cc.  H,S04  (z 

Room 

Bar 

8.... 

. ..   0.0020 

0.0020 

o.zooo 

zo  cc.  HtS04  (z 

Room 

Granulated 

9.... 

. ..  o.ozoo 

0.0097 

0.Z328 

zo  cc.  H1SO4  (z 

Room 

Granulated 

10 

. ..  o.oioo 

0.0097 

0.1328 

zo  cc.  H1SO4  (z 

Room 

Granulated 

ZI 

. . .  0.0200 

0.0200 

0.Z328 

zo  cc.  HjS04  (z 

Room 

Granulated 

Z2 

. ..  0.0200 

O.OZ99 

0.Z328 

zo  cc.  H1SO4  (z 

Room 

Granulated 

A  sample  of  ilmenite,  in  which,  by  means  of  duplicate  analyses  accord- 
ing to  the  Gooch  gravimetric  method,  34.60%  and  34.65%  of  TiOi 
were  fotmd,  was  also  anal3rzed  by  the  ferric  chloride  method. 

It  is  very  difficult  by  means  of  the  usual  pyrosulfate  fusion  method  to 
get  into  solution  substances  such  as  ilmenite  and  other  titaniferous  iron 

^  It  might  be  well,  before  begizmizig  a  reduction,  to  place  upon  the  asbestos  filter 
a  little  granulated  zinc,  and  upon  removing  the  valve  at  the  end  of  the  reduction  to 
introduce  into  the  mouth  of  the  fuzmel  the  open  outlet-tube  of  a  carbon  dioxide  generator; 
furthermore,  it  would  do  no  harm  to  pass  carbon  dioxide  through  the  suction  flask 
during  the  titration.  These  precautiozis  were,  however,  oznitted  in  the  above  work, 
and  the  results  are  nevertheless  good. 

*  All  of  the  above  titratiozis  were  made  in  the  cold,  after  havizig  filtered  the  solution 
from  undissolved  zinc  into  an  atmosphere  of  carbon  dioxide.  In  the  detenniziatioiis 
in  which  the  reduction  was  carried  out  at  the  boilizig  temperature,  the  solutions  were 
allowed  to  cool  to  room  temperattve  before  they  were  filtered  off  and  titrated. 

Determination  No.  8  was  carried  out  with  0.0Z0084  N  FeCU  and  the  result  shows 
that,  by  usizig  o.oz  N  FeCls  solution,  as  sznall  a  quantity  of  TiOi  as  0.002  g.  iziay  be 
accurately  determined  in  the  presence  of  a  large  excess  of  iron.  It  might,  however, 
be  preferable  to  use  the  Weller  colorimetric  method  in  the  case  of  such  small  quantities 
of  titanium.    All  of  the  other  titrations  were  performed  with  0.05042  N  FeCU  solution. 

'  The  granulated  zinc  referred  to  was  20-30  zziesh,  "c.  P."  and  was  used  without 
azzialgamation  or  further  treatment. 
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ores.  B.  Knecht*  fuses  0.5-1 .0  g.  of  the  mineral  {e.  g.,  rutile)  for  10  min- 
utes with  10  parts  by  weight  of  potassium  hydroxide,  after  which  he  washes 
the  mass  into  a  beaker  containing  a  large  excess  of  hydrochloric  add. 

A  method  far  better  suited  to  our  purpose  was  suggested  to  us  by  Pro- 
fessor W.  A.  Noyes.*  According  to  this,  the  finely  powdered  ore  is  mixed 
with  I  part,  by  weight,  of  potassium  fluoride  and  5  or  6  parts  of  potassium 
pyrosulfate  and  fused  in  a  platinum  crucible  for  15-20  minutes,  until 
effervescence  ceases.  The  cooled  mass  is  then  readily  dissolved  by  hydro- 
chloric add  to  a  dear  solution  which  is  ready  for  reduction. 

With  solutions  prepared  in  this  way,  the  ferric  chloride  volumetric 
method  gave  the  following  independent  values:  34.63,  34.47,  34.44,  and 
34.42%  of  TiOs  (mean  value  =  34.49%).  The  reduction  in  this  case  also 
requires  not  more  than  two  hours.' 

The  ferric  chloride  method  is  thus  seen  to  compare  very  favorably  with 
the  tedious  gravimetric  method  of  Gooch,  and  it  is  incomparably  shorter. 
Such  metals  as  tin,  chromium,  vanadium,  ttmgsten,  and  molybdenum 
must,  however,  be  absent  when  the  solution  is  reduced  with  zinc. 

Ukbama.  Iia. 


[Contribution  from  thb  Chsmical  Laboratory  op  thb  Oregon  Agriculturai, 

ExpBRiMBNT  Station.] 

THE  ARSENATES  OF  LEAD/ 

Bt  Hssmam  V.  Ta&tak  and  H.  H.  RoaiivaoN. 
Receded  June  17.  1914. 

Introduction. 

Some  of  the  arsenates  of  lead  are  widely  used  at  present  as  stomachic 
insecticides.  The  general  properties  of  these  compounds  seem  to  specially 
adapt  them  for  this  purpose  and  for  this  reason  they  have  been  used  more 
extensively  in  recent  years  than  any  other  arsenical.  In  response  to  the 
demand  for  these  materials,  their  commercial  manufacttue  has  now 
reached  large  proportions  and  a  number  of  manufacttning  chemists  in 
the  United  States  are  making  them  in  considerable  quantity.  This  ex- 
tended use  of  certain  of  the  arsenates  of  lead  for  insectiddal  purposes 
>  Z.  ant/ew.  Chem.,  26,  734-5  (19x3).  Knecfat  dilutes  the  HCl  solution  to  250  cc. 
and  reduces  a  25  cc.  portion  of  it  with  granulated  zinc  and  hydrochloric  add  for  io~2o 
minutes,  until  the  zinc  is  completely  dissolved.  He  then  suspends  a  zinc  rod  in  the  hot 
solution  by  means  of  a  platinum  wire  which  is  passed  through  the  Bunsen  valve,  and 
allows  the  solution  to  cool;  finally  he  passes  in  carbon  dioxide  and  titrates  with  ferric 
alum. 

*  /.  Anal.  Apid.  Chem,,  5f  39  (1891). 

*  Since  in  all  cases  good  results  were  obtained  after  2  hours'  reduction,  that  time 
is  to  be  considered  sufficient.  While  in  some  cases  less  time  might  suffice,  it  is  safer 
always  to  allow  at  least  2  hours  for  the  reduction. 

^  Presented  at  the  Cincinnati  meeting  of  the  American  Chemical  Sodety,  April, 
1914. 
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makes  a  thorough  knowledge  of  their  constitution  and  properties,  as  well 
as  analytical  methods  necessary  to  the  valuation  of  the  same,  of  consid- 
erable practical  importance. 

In  connection  with  some  other  investigations  on  insecticides,  a  study 
of  the  preparation  and  properties  of  the  different  arsenates  of  lead  was 
begun  in  this  laboratory  early  in  191 3.  This  study  has  been  continued,  as 
opportimity  permitted,  up  to  the  present  time.  We  have  now  sufficient 
data  from  which  to  draw  certain  conclusions,  which  are  presented  here- 
with. 

Historical. 

But  little  attention  was  given  to  the  arsenates  of  lead  previous  to  their 
use  as  insecticides.  Lead  orthoarsenate,  PbsCAsOOa,  is  reported  to 
have  been  prepared  by  MitscherUch^  by  the  use  of  the  reaction  of  di- 
sodium  hydrogen  arsenate,  Na2HAs04,  with  basic  lead  acetate,  or  with 
neutral  lead  salts.  It  is  also  stated  that  this  substance  was  prepared  by 
Berzelius^  by  the  action  of  ammonia  on  lead  pjrroarsenate,  PbjAsjOi. 
The  substance  obtained  was  a  white  amorphous  powder. 

According  to  Mitscherlich  and  Berzelius,'  lead  p3a-oarsenate  is  pre- 
cipitated when  lead  chloride  or  lead  nitrate  react  in  aqueous  solution  with 
arsenic  acid ;  also  as  a  precipitate  resulting  from  the  reaction  of  di-ammonium 
hydrogen  arsenate,  di-potassium  hydrogen  arsenate,  or  di-soditmi  hydro- 
gen arsenate  with  lead  nitrate  in  excess.  It  is  also  stated  by  the  authority 
cited  that  Salkowski  prepared  this  substance  by  the  use  of  the  reaction 
of  neutral  lead  acetate  and  di-sodium  hydrogen  arsenate  and  that  it  is  a 
white,  easily  melted,  amorphous  powder.  On  the  whole,  the  work  of 
these  early  investigators  is  very  imperfect  and  in  some  instances  contra- 
dictory. 

Moulton,^  chemist  of  the  Massachusetts  G3^y  Moth  Commission,  was 
the  first  to  prepare  lead  arsenate  for  use  as  an  insecticide.  For  this  pur- 
pose he  used  lead  acetate  and  di-sodium  arsenate. 

The  work  of  Moulton  was  continued  by  Smith,*  who  studied  the  reac- 
tions involved  and  other  matters  pertaining  to  manufacture.  "He 
stated  that  the  ordinary  spray  material  was  not  a  single  salt,  but  a  mix- 
ture of  neutral,  Pb3(As04)2,  and  acid,  PbHAs04,  arsenates,  and  believed 
that  the  relative  amotmt  of  each  depended  principally  upon  the  source 
of  the  soluble  lead  salt,  although  temperature  and  concentration  at  the 
moment  of  precipitation  affected  the  results;  in  other  words,  the  acetate 

1  Dammer:  "Handbuch  der  Anorganischen  Chemie,"  Vol.  2,  Ft.  2,  p.  565. 

« Ibid.,  p.  566. 

*  McLSs.  Board  Agr,  Report,  41,  382  (1894). 

•  Ibid.,  45,  357  (1898). 
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of  lead  has  a  tendency,  other  factors  being  equal,  to  yield  the  neutral  salt 
and  the  nitrate  the  add  salt."^ 

Smith  also  states  that  the  specific  gravity  of  arsenate  of  lead  is  i  .00668 
(salt  not  specified). 

Ha3rwood*  claims  that  the  reaction  between  lead  acetate  and  di-sodium 
arsenate  takes  place  as  represented  by  the  following  equation: 
3Pb(C,H,0,)8  +  2Na4HAs04  —^  Pb,(As04)i  +  4NaC«H302  +  2CH,COOH 
He  also  f  otmd  that  the  reaction  between  lead  nitrate  and  di-sodium  arsen- 
ate takes  place  in  the  main  as  follows: 

Pb(NO,),  +  Na«HAs04  — ►  PbHAsO*  +  2NaN0» 
The  slight  variation  in  the  resulting  compound  from  the  theoretical  com- 
position of  lead  hydrogen  arsenate  caused  Haywood  to  suggest  that  some 
unknown  secondary  reaction  took  place  to  small  extent. 

Haywood  and  McDonnell'  state  that,  when  pure  lead  nitrate  and  di- 
sodium  arsenate  are  used,  the  reaction  represented  by  the  second  equation 
given  in  the  preceding  paragraph  proceeds  almost  according  to  theory, 
though  a  small  amount  of  lead  orthoarsenate  is  usually  formed.  They 
also  hold  that  when  lead  acetate  is  used  a  product  is  obtained  at  times 
which  is  principally  lead  hydrogen  arsenate.  They  corroborate  SmithV 
statement  that  the  reaction  is  affected  by  various  conditions,  such  as  con- 
centration, temperature,  etc. 

Volck'  devised  a  quanitative  method  for  the  detection  of  lead  hydrogen 
arsenate  in  the  presence  of  the  lead  orthoarsenate.  He  also  proposed 
the  preparation  of  the  orthoarsenate  by  the  use  of  the  reaction  of  lead 
hydrogen  arsenate  with  ammonium  hydroxide,  although  he  admitted 
that  the  samples  prepared  in  this  manner  contained  somewhat  less  than 
the  theoretical  percentage  of  arsenic  oxide.  From  his  experiments,  Volck 
further  concluded  that  the  lead  hydrogen  arsenate  hydrolyzes  easily  to  form 
the  orthoarsenate,  and  that  commercial  lead  arsenate  might  contain  pyro- 
arsenate  as  a  component. 

Holland  and  Reed*  state  that  they  prepared  the  orthoarsenate  by  pre- 
cipitation, under  certain  conditions,  from  dilute  solutions  of  lead  acetate 
and  di-sodium  arsenate.  In  proof  of  this  they  showed  that  the  amotmts 
of  lead  and  arsenic  fotmd  in  the  precipitates  corresponded  closely  to  the 
theoretical  composition  of  the  lead  salt.  These  investigators  also  state 
that  lead  hydrogen  arsenate  "is  readily  prepared  from  nitrate  of  lead  and 
di-soditun  hydrogen  arsenate,  provided  dilute  solutions  are  employed 

*  Holland  and  Reed,  Twenty-fourth  Ann.  Report  Mass.  Agr.  Exp.  Sta. 
« Bull,  105,  Bur.  of  Chcm..  U.  S.  Dept.  Agr. 

>  Ibid.,  Bull.  131. 

*  Lac.  cU. 

*  Science,  33,  868  (1911). 
•Loc.cil, 
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and  the  sodium  salt  is  added  carefully  in  excess  (10%).  By  this  method 
of  procedure  no  difficulty  was  experienced  in  producing  salts  of  theoretical 
composition." 

Space  wiU  not  be  taken  at  this  time  to  go  into  any  extensive  criticism 
of  the  work  that  has  been  done;  this  will  be  brought  in  the  discussion  of 
the  results  presented  below.  Taken  as  a  whole,  the  Uterature  indicates 
that  there  are  at  least  two  common  lead  arsenates,  lead  hydrogen  arsenate 
and  lead  orthoarsenate;  that  these  two  compounds  are  the  main  com- 
ponents present  in  ordinary  commercial  lead  arsenate;  that  lead  p3rro- 
arsenate  may  possibly  be  present  in  the  commercial  salts;  and  that  there 
is  very  little  accurate  knowledge  of  the  preparation  and  the  chemical 
and  physical  properties  of  the  pure  compounds. 

Experimental. 

The  work  completed  in  this  laboratory  has  been  done  along  special 
lines  which  a  study  of  the  Uterature  and  a  consideration  of  the  agricul- 
tural use  of  commercial  arsenate  of  lead  indicated  to  be  of  most  immediate 
value.  The  specific  points  studied  naturally  fall  tmder  five  different 
heads:  (i)  the  preparation  of  lead  hydrogen  arsenate,  (2)  the  results  of 
attempts  to  prepare  lead  orthoarsenate,  (3)  the  preparation  of  lead 
pyroarsenate,  (4)  the  specific  gravity  and  solubiUty  of  lead  hydrogen 
arsenate  and  basic  lead  arsenate,  and  (5)  the  quantitative  estimation 
oi  lead  hydrogen  arsenate  in  the  presence  of  the  basic  arsenate. 

(x)  Preparation  of  Lead  Hydrogen  Arsenate. 

The  preparation  of  this  substance  was  first  tried  by  using  the  reaction 
between  lead  nitrate  and  di-sodium  hydrogen  arsenate.  Both  concen- 
trated and  dilute  solutions  were  employed,  using  the  reacting  equiva- 
lents of  the  different  substances  and  also  one  or  the  other  in  excess. 
Many  attempts  were  made  and,  in  some  instances,  the  salts  obtained  ap- 
proximated the  theoretical  composition  very  closely  but  not  within  the 
experimental  error  of  analysis.  Our  experiments  showed  that  very  alight 
changes  of  condition  affect  the  natiu*e  of  the  reaction.  After  much  work 
had  been  done  it  was  decided  that  this  method  could  not  be  used  safely 
to  prepare  pure  lead  hydrogen  arsenate,  as  has  been  claimed  by  Morse 
and  Reed.^ 

The  preparation  of  this  compound  was  attempted  in  several  other  ways 
and  the  best  results  were  obtained  by  using  the  following  method:  Fairly 
pure  lead  hydrogen  arsenate  is  prepared  by  use  of  the  reacton  between 
lead  nitrate  and  di-sodium  hydrogen  arsenate.  The  precipitate  is  washed 
quite  thoroughly  with  distilled  water  and  then  dissolved  completely  in 
nitric  acid,  using  just  enough  of  the  acid  to  effect  solution.  To  this  solu- 
tion dilute  ammonium  hydroxide  is  added  slowly  with  constant  stirring 
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until  approximately  three-fourths  of  the  nitric  add  used  has  been  neu- 
tralized. Diuing  the  addition  of  the  ammonium  hydroxide  the  lead  hydro- 
gen arsenate  will  gradually  be  precipitated.  The  precipitate  is  then  al- 
lowed to  stand  over  night  in  contact  with  the  solution  (which  is  add  in 
reaction  due  to  the  presence  of  considerable  amount  of  nitric  add).  The 
supernatant  Uquid  is  then  decanted  through  a  filter  and  the  predpitate 
washed  first  with  distilled  water  slightly  addulated  with  nitric  add  and 
then  with  water  which  has  been  recently  boiled  to  remove  carbon  dioxide, 
until  the  washings  no  longer  give  a  test  for  nitrates  with  diphenylamine. 
The  predpitate  is  then  dried  at  110°. 

The  salt  obtained  in  this  manner  is  free  from  nitrates  and  ammonium 
salts.  It  is  pure  lead  hydrogen  arsenate  and  is  a  white,  amorphous,  finely 
divided,  fluffy  powder.  Analyses  made  of  three  samples  gave  results  as 
follows: 

As  u  AfliOi.  Pb  u  PbO.  «       Ratio 

Per  cent.  Per  cent.  AaiOi  to  fbO. 

Sample  No.  1 32.99  63.92  1:1.937 

Sample  No.  2 32 .98  63 .92  1:1 .937 

Sample  No.  3 32 .88  63 .  70  1:1 .937 

Theoretical  for  PbHAsO^ 33 •  i5  64.46  1:1 .945 

It  will  be  noted  that  the  precentages  are  somewhat  lower  than  the  theo- 
retical for  lead  hydrogen  arsenate.  This  is  due  to  the  presence  of  a  small 
amount  of  water  that  cannot  be  easily  removed.  Samples  do  not  lose  this 
water  below  200°.  Experimental  work  has  not  been  carried  out  to  the 
point  where  the  writers  are  able  to  state  if  there  is  a  definite  tempera- 

1  without  changing  some  of  the 
ite.  It  will  also  be  noted  that 
trifle  lower  than  the  theoretical. 
•  determining  lead  which  is  now 
tural  Chemists  is  hardly  as  ac- 
re is  a  tendency  for  the  results 

re  Lead  Orthoarsenate. 

first  attempted  by  the  use  of 
di-sodium  hydrogen  arsenate, 
ion  is  easily  affected  by  various 
tion,  the  rate  in  which  the  sub- 
mount  of  salt  used  in  excess, 
to  prepare  pure  orthoarsenate 
d  from  the  reaction  referred  to 
winds;  this  will  be  brought  out 

was  inrther  attempted  by  em- 
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ploying  the  reaction  between  ammonium  hydroidde  and  lead  hydrogen 
arsenate  as  has  been  suggested  by  Volck.^  The  ammonitmi  hydroxide 
used  was  freed  from  carbonate  by  redistillation  from  barium  hydroxide. 
It  was  found  that  the  reaction  between  ammonium  hydroxide  and  lead 
hydrogen  arsenate  is  complete  after  the  mixture  had  been  heated  gently 
on  a  steam  bath  for  three  hours  and  that  the  reaction  is  the  same  whether 
only  a  sUght  or  large  excess  of  ammonium  hydroxide  is  used.  Four  sam- 
ples of  the  substance  obtained  in  this  manner  were  carefully  washed  free 
from  soluble  salts  and  then  dried  at  110°.  The  analyses  of  the  samples 
are  as  follows: 

Anenlc  u  AmOt,         htmA  u  FbO.  Ratio 

Per  cent.  Per  cent.  AaK)i  to  PbO. 

Sample  No.  1 23.42  74.72  1:3.190 

SampleNo.2 23.43  74-68  1:3.189 

SampleNo.3 23.42  74.86  1:3.196 

Sample  No.  4 23 .46  74  61  1:3. 180 

Theoretical  for  PbsCAsOOi 25 .57  74-43  i  •  2 .911 

These  results  show  that  the  substance  obtained  is  not  a  pure  orthe- 
arsenate  of  lead.  It  contains  more  lead  and  less  arsenic  than  the  theo- 
retical figures.  At  first,  the  authors  thought  that  perhaps  there  was  a 
sfball  amount  of  free  lead  hydroxide  present.  To  ascertain  if  this  were 
true,  the  substance  was  heated  in  a  drying  oven  to  a  temperature  some- 
what greater  than  130^.  There  was  no  change  in  color  due  to  the  forma- 
tion of  lead  oxide  nor  was  there  any  loss  in  weight.  Even  microscopic 
examination  failed  to  show  the  presence  of  any  lead  oxide.  A  sample  of 
freshly  prepared  lead  hydroxide,  when  heated  to  a  temperature  a  Uttle 
above  130®,  gradually  changed  to  an  orange-yellow  color  with  the  forma- 
tion of  lead  oxide  and  there  was  a  gradual  decrease  in  weight  from  loss  of 
water.  These  results  clearly  indicate  that  there  is  no  uncombined  lead 
hydroxide  present  in  the  insoluble  material  resulting  from  the  reaction 
of  ammonium  hydroxide  with  lead  hydrogen  arsenate.  In  fact,  the  tests 
which  have  been  tried  show  thai  it  is  a  definite  chemical  compound,  a  new 
basic  lead  arsenate  of  which  there  is  no  mention  in  the  literature.  The  anal- 
yses indicate  that  its  composition  may  be  represented  closely  by  the  for- 
mula 2iPb8(As04)j.2Pb(OH)j.ioH20.  It  is  a  white,  amorphous  granular 
powder;  microscopical  examination  does  not  show  any  crystalline  struc- 
ture.   There  is  no  loss  of  water  at  temperatiu*es  below  200°. 

A  number  of  attempts  have  been  made  to  prepare  a  pure  ortho- 
arsenate  of  lead.  In  these  experiments  all  of  the  reactions  which 
are  now  used  in  the  manufacture  of  lead  arsenate  have  been  tried 
in  aqueous  solution  and  also  in  non-aqueous  solutions  so  far  as  conditions 
would  permit.  Other  possible  reactions  have  been  investigated.  With- 
out going  into  any  lengthy  discussion  of  the  reactions  used,  the  authors 
^LoccU. 
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will  state  that  lead  orthoarsenate  is  not  formed  under  the  ordinary  aqueous 
conditions  employed  in  the  manufacture  of  commercial  lead  arsenatCi 
and  that  it  is  not  a  component  of  the  commercial  material  as  has  been 
formerly  supposed.  The  compound  present,  which  has  been  represented 
to  be  the  orthoarsenate,  is  in  reality  the  basic  lead  arsenate  mentioned  above. 
Further  proof  of  this  will  be  brought  out  in  a  later  portion  of  this 
paper. 

(3)  The  Preparation  of  Lead  Pyroarsenate. 

Since  the  presence  of  this  substance  in  the  ordinary  commercial  salts 
used  for  insectiddal  purposes  has  been  suggested,  it  was  deemed  advisable 
to  undertake  the  preparation  of  the  pure  compound.  It  would  seem,  on 
theoretical  grounds,  that  the  simplest  method  would  be  by  the  removal 
of  water  by  means  of  heat  from  lead  hydrogen  arsenate. 

2PbHAs04  --^  PbjAstOi  +  H,0. 

Samples  of  lead  hydrogen  arsenate  were  heated  in  a  drying  oven  to  a 
temperattire  somewhat  higher  than  200  **  without  loss  in  weight.  When 
this  compound  is  fused  at  a  dull  red  heat,  however,  it  loses  water  and  a 
white,  glassy,  somewhat  crystalline  substance  is  left  on  cooling.  Anal- 
yses made  of  this  substance  show  it  to  be  the  pyroarsenate. 

It  is  well  known  that  pyroarsenic  acid  does  not  exist  in  the  presence 
of  water,  and  consequently  if  lead  pyroarsenate  is  a  constituent  of  the  ordi- 
nary commercial  salts  it  must  be  due  to  the  easy  dehydration  of  lead  hydro- 
gen arsenate.  The  results  given  above  show  that  this  substance  has  to 
be  heated  to  a  fairly  high  temperature  before  loss  of  water  occurs  and, 
evidently,  lead  pyroarsenate  is  not  a  constituent  of  the  commercial  lead 
arsenate. 

(4)  Specific  Gravity  and  Solubility  of  Lead  Hydrogen  AraeniLte  and 

Basic  Lead  Arsenate. 

These  properties  are  of  much  more  importance  in  the  consideratioii  of 
the  adaptability  of  arsenic  containing  compounds  for  use  as  insecticides. 
A  very  small  amount  of  soluble  arsenic  compound  is  sufficient  to  cause 
injury  to  the  foliage  of  fruit  trees.  Further,  an  insecticide  should  be 
in  a  fine  state  of  sub-division  and  of  a  specific  gravity  sufficiently  low  that 
it  will  remain  in  suspension  in  water  for  some  length  of  time. 

The  specific  gravity  of  lead  hydrogen  arsenate  and  basic  lead  arsenate, 
as  prepared  by  the  above  described  methods,  was  found  by  determining 
the  weight  of  toluene  displaced  by  a  known  quantity  of  the  salt.  The 
toluene  was  first  dried  by  means  of  solid  sodium  hydroxide  and  then  dis- 
tilled. Its  specific  gravity  at  20^  referred  to  water  at  4^  was  found  to  be 
0.8669.-  ^^^  ^^  taken  to  remove  air  from  the  arsenate  when  covered 
with  tohiene  by  placing  the  pycnometer  in  an  exhausted  desiccator. 
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(a)  Lbad  Htdrogbn  Arssnatb. 

Grams 

Grams  tolneiie 

Specific  sraTitjr 

PbHAsO*. 

displaced. 

PbHAsOi  20V4*. 

I I . 1070 

I. 6610 

5.79 

11.5724 

1.6630 

5.79 

11.3330 

1.6968 

5.78 

Average  5.786 

(6)  Basic  Lead  Arsenate. 

Grams  basic 

Grams  toluene 

Specific  gravity  basic 

lead  arsenate. 

displaced. 

lead  arsenate  20  V4^ 

14.5770 

1.7794 

7.10 

20.5749 

2.5083 

7. II 

Average  7.105 

There  are  several  things  to  be  considered  in  making  a  determination 
of  the  solubility  of  lead  hydrogen  arsenate.  Although  one  of  the  hydro- 
gens of  arsenic  add  resembles  the  hydrogen  of  strong  adds  in  its  dissocia- 
ting tendency,  the  other  two  hydrogens  are  those  of  weak  adds.  Hence 
perceptible  hydrolysis  takes  place  in  solutions  of  this  add,  even  when  the 
base  combined  is  strong;  that  of  tertiary  salts  being  greatest  in  extent. 
It  is  difficult  to  predict  the  influence  of  this  hydrolysis  upon  lead  hydrogen 
arsenate.  There  is  also  the  possibility  of  the  formation  of  more  insoluble 
normal  or  basic  salts.  In  discussing  the  solubility  of  lead  hydrogen 
arsenate  Volck^  states  that  "the  liberation  of  the  arsenic  oxide  (arsenic 
add)  from  the  add  arsenates  depends  on  transposition  to  the  ortho  or 
neutral  arsenate  tmder  neutral  or  alkaline  conditions."  He  also  infers 
that  a  given  quantity  of  lead  hydrogen  arsenate  can  be  completdy  changed 
to  the  orthoarsenate  by  bringing  it  in  contact  with  water  and  then  re- 
pladng  the  supematent  liquid  from  time  to  time  with  fresh  water. 

The  writers  have  endeavored  to  verify  Volck's  statements.  The  experi- 
ments tried,  however,  show  that  arsenic  add  is  not  formed  in  suffident 
quantity  by  hydrolysis  at  room  temperature  to  give  the  qualitative  tests 
suggested  by  Volck  nor  can  the  composition  of  lead  hydrogen  arsenate  be 
changed  to  any  appredable  extent  by  bringing  it  in  contact  with  an  ex- 
cess of  pure  water  and  removing  the  supernatant  liquid  from  time  to  time, 
even  though^  the  operation  be  continued  for  several  days.  At  tempera- 
tures near  the  boiling  point  there  is  evidence  of  only  a  slight  hydrolysis. 
We  feel  safe  in  stating  that  if  there  is  any  hydrolysis  of  this  substance 
it  is  slight  and  can  only  be  determined  by  the  use  of  refined  ph)rsico-chem- 
ical  methods. 

Unfortunatdy,  other  pressing  work  in  progress  in  this  laboratory  has 
prevented  the  taking  up  of  a  critical  study  of  this  hydrolysis.  An  idoa 
of  the  solubility  of  the  salt  was  obtained,  however,  by  determining  the 
*  Loc.  cU, 
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amount  of  arsenic  in  solution  when  using  the  provisional  method  of  the  As- 
sociation of  OfiBcial  Agricultural  Chemists^  for  the  determination  of  *'  water- 
soluble  arsenic  oxide"  in  commercial  lead  arsenate.  Eight  hundred  cc. 
of  the  water  extract  obtained  did  not  contain  sufficient  arsenic  in  solu- 
tion to  be  quantitatively  estimated  by  making  the  final  titration  with  0.02 
N  iodine  solution.  This  result  indicates  that  lead  hydrogen  arsenate  is  a 
very  insoluble  substance. 

In  attempting  to  make  a  determination  of  the  solubility  of  basic  lead 
arsenate  one  meets  with  the  numerous  perplexing  difficulties  which  are 
common  with  the  basic  salts.  These  difficulties  are  such  as  to  preclude 
perhaps  the  securing  of  quantitative  data  by  the  usual  methods.  Use 
was  made  of  the  method  of  the  Association  of  Official  Agricultural  Chem- 
ists referred  to  in  the  preceding  paragraph  for  getting  an  idea  of  the  solu- 
bility of  this  substance.  There  was  not  sufficient  arsenic  present  in  eight 
hundred  cc.  of  the  water  extract  to  be  estimated  by  titration  with  0.02  N 
iodine.  When  warm  water  was  used  there  was  no  difference  in  the  results 
obtained.    Evidently,  this  salt  is  also  very  insoluble. 

(5)  The  Quantitative  Determination  of  Lead  Hydrogen  Arsenate  in  the 
Presence  of  the  Basic  Arsenate. 

At  the  present  time  there  is  no  method  for  estimating  the  amount  of 
lead  hydrogen  arsenate  in  commercial  arsenate  of  lead.  It  was  with  the 
object  of  securing  such  a  method  that  this  phase  of  the  work  was  under- 
taken. It  has  been  shown  that  when  lead  hydrogen  arsenate  is  treated 
with  ammonium  hydroxide  (free  from  CO2)  under  ordinary  conditions  a 
basic  arsenate  of  lead  of  constant  composition  is  formed.  The  amount  of 
arsenic  passing  into  solution  from  a  given  quantity  of  lead  hydrogen  arsen- 
ate has  also  been  found  to  be  constant.  Since  the  basic  arsenate  may  be 
considered  as  insoluble  from  the  usual  analytical  standpoint,  lead  hydrogen 
arsenate  in  mixtures  with  the  basic  arsenate  can  be  easily  determined  by 
the  following  described  method : 

Take  a  convenient  amount  of  the  finely  powdered  sample  (3-10  g.), 
depending  upon  the  amount  of  the  acid  salt  present,  which  has  been  dried 
at  100^,  and  add  200  cc.  of  a  5%  solution  of  carbon  dioxide-free  ammonium 
hydroxide.  Allow  to  digest  with  occasional  shaking  for  a  few  hours  at 
room  temperature,  when  the  reaction  should  be  complete.  The  super- 
natant liquid  is  then  filtered  by  suction  from  the  insoluble  basic  salt  by 
using  a  Buchner  funnel  prepared  with  a  pad  made  of  two  sheets  of  filter 
paper  with  a  layer  of  asbestos  between.  The  upper  paper  should  be  a 
hardened  filter.  The  filter  is  finally  washed  thoroughly  with  recently 
boiled  distilled  water  imtil  free  from  soluble  salts.  The  final  washings 
may  be  tested  with  lead  nitrate  solution  to  ascertain  the  completeness  of 

1  Bull.  107  (Revistd),  Bur.  of  Chem.,  U.  8.  Dept.  Agr. 
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the  removal  of  the  ammonium  arsenate.  The  filtrate  should  be  perfectly 
dear.  In  case  there  is  difficulty  in  obtaining  a  clear  solution  it  may  be 
overcome  by  refiltering  through  a  Gooch  crucible  having  a  thin  layer  of 
carbon  black  on  an  asbestos  pad.  The  final  filtrate  obtained  is  made  up 
to  convenient  volume  and  an  aUquot  taken  for  the  determination  of  arsenic. 
After  free  ammonium  hydroxide  is  removed  by  boiling,  the  arsenic  is  de- 
termined by  the  modified  Gooch  and  Browning  method.^  The  amount 
of  arsenic  in  the  total  filtrate  calctdated  as  AssOs  and  then  multipUed  by 
the  factor  7.6034  gives  the  amount  of  lead  hydrogen  arsenate  present  in 
the  original  mixture. 

This  method  has  been  tried  out  on  a  number  of  mixttues  of  known 
composition  and  in  each  case  has  given  good  results. 

The  nature  of  the  insoluble  salts  formed  by  the  reaction  of  lead  acetate 
and  lead  nitrate  with  di-soditun  hydrogen  arsenate  has  been  studied  in  a 
limited  way  by  using  the  above  described  method  in  conjuncticm  with  the 
usual  analytical  methods  employed.  The  results  obtained  are  given  in 
Table  I: 

Tabls  I. — Thb  Composition  of  Prbcipitatss  Obtainbd  by  Reactions  of  Lsad 
AcBTATS  and  Lead  Nitrats  with  Di-sodium  Hydroobn  Arssnats. 

Ratio  mi  A«iOi  oUicr 

Total  Total  than  that  combined 

lead  arsenic  Total        as  PbHAsOi  to  PbO 

as  PbO.       asAttOt.     PbHAs04.     other  than  that  com- 

MateriaL  Per  cent.      Per  cent.      Per  cent,     bined  as  PbHAsOi. 

1.  Sample  prepared  by  using  Pb- 
(CsHtOt)s  and  NatHAs04  in  the 
theoretical  proportion  suggested  by 

HayiYOod 7321         24.93         14.96  1:3.189 

2.  Sample  prepared  using  NasHAs04 

with  Pb(C2H|0i)i  in  excess 74- 10        24.28  7.4a  i  !  3.179 

3.  Sample  made  using  Pb(CtHsOi)t 

with  NasHAsO^  in  excess 7296        24.72        10.48  1:3.12 

4.  Sample    made    using    NatHAs04 

with  Pb(NOi)i  in  excess 64.73        32.26        93.16  1:3.30 

These  results  show  that  the  precipitates  obtained  were,  in  each  instance, 
mixttu-es  containing  various  amounts  of  the  add  salt.  It  will  be  noted 
also  that  the  ratio  of  the  AstOi,  other  than  that  combined  as  PbHAs04« 
to  the  PbO,  other  than  that  combined  as  PbHAs04,  approximates  within 
experimental  error  that  found  in  the  basic  arsenate  already  described. 
These  results,  considered  with  the  work  which  has  already  been  pre- 
sented, seem  to  leave  Uttle  doubt  that  the  substance  present  other 
than  lead  hydrogen  arsenate  is  the  basic  arsenate  of  lead. 

The  application  of  the  work  here  presented  to  the  valuation  of  commer- 
cial samples  of  lead  arsenate  will  be  presented  at  an  early  date  for  publi- 
cation in  the  Journal  of  Industrial  and  Engineering  Chemistry. 
»  Buff.  107  (Revised),  Bur.  of  Chem.,  U.  S.  Dept  Agr. 
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Summary. 

1.  A  reliable  method  has  been  devised  for  the  preparation  of  pure  lead 
hydrogen  arsenate. 

2.  All  attempts  to  prepare  ptire  lead  orthoarsenate  have  been  unsuc- 
cessful. 

3.  Lead  pyroarsenate  has  been  prepared. 

4.  A  new  basic  lead  arsenate  of  apparently  constant  composition  has 
been  obtained. 

5.  The  specific  gravity  of  lead  hydrogen  arsenate  and  basic  lead  arsen- 
ate have  been  determined. 

6.  The  difficulties  attending  the  accurate  determination  of  the  solu- 
bility of  the  compounds  prepared  have  been  pointed  out.  The  tests  made, 
however,  show  these  substances  to  be  relatively  insoluble. 

7.  A  quantitative  method  has  been  devised  for  the  estimation  of  lead 
hydrogen  arsenate  in  mixtures  of  this  substance  with  the  basic  arsenate. 

8.  The  results  show  that  the  precipitates  obtained  from  the  reactions 
of  lead  acetate  and  lead  nitrate  with  di-sodium  hydrogen  arsenate  under 
certain  conditions  are  mixtures  of  lead  hydrogen  arsenate  and  the  basic 
lead  arsenate. 

CoKVAixn.  Oksgon. 
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THORIUM  AMMONIUM  OXALATE. 

By  C.  Jamss,  C.  p.  Wsxttsmoks  amd  H.  C.  Holobn. 
Rccchrcd  Jnoc  4.  1914. 

Bahr^  found  that  thorium  oxalate  dissolved  in  a  warm  solution  of  ammo- 
nium oxalate,  and  Bunsen'  showed  that  this  reaction  might  be  employed 
for  separating  thorium  from  the  rare  earths. 

Brauner'  investigated  the  subject  more  thoroughly  and  showed  that, 
when  thorium  oxalate  was  dissolved  by  ammonium  oxalate,  a  definite 
ammonium  thoroxalate  was  formed,  to  which  he  ascribed  the  formula 
Th(C«04-NH4)4.7H20.  This  hydrate  was  said  to  separate  from  a  super- 
saturated solution,  while  a  lower  hydrate  possessing  four  molecules  of 
water  was  obtained  by  spontaneous  evaporation.  When  the  ammonium 
thoroxalate  was  treated  with  water,  it  was  hydroljrzed.  The  resulting 
product  was  very  colloidal  and  passed  through  filter  paper.  It  required 
two  months  time  in  order  to  settle.  Later,  however,  a  precipitate  was 
obtained  that  became  crystalline.  These  crystals  possessed  the  formula 
2Th(C04)j.(NH4)iCi04.7H,0. 

The  writers  decided  that  a  study  of  th^  solubility  curves  of  thorium 

>  Ann.,  1339  231. 

*  Ann,  Pkys.  Chem.,  155,  375- 

'  /.  Chem.  Soc.,  73,  951- 
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oxalate  and  ammonium  oxalate,  in  the  presence  of  each  other  in  water, 
would  show  clearly  and  distinctly  the  number  and  kinds  of  compounds 
existing.  This  work  was  commenced  in  191 2,  and  it  appears  O.  Hauser 
started  work  along  similar  lines  at  a  similar  date.^ 

In  order  to  determine  the  various  solubilities,  several  bottles  were  pre- 
pared and  placed  in  a  thermostat  at  2^  ®.  They  contained  varying  amounts 
of  thorium  oxalate  and  ammonium  oxalate  with  sufficient  water  to  make 

^  50  cc.     After  rotating 

^^1     I     \     I     n     I     I     I     I     I     I     I     I     I     Tr     I  for  many  weeks,  the 

bottles   were   allowed 
to  stand  at  the  same 
temperature  until  the 
supernatant      liquid 
became    dear,    when 
portions    were    with- 
drawn   for    analysis. 
In  each  of  the  samples, 
thorium     oxide     and 
C2O3  were  determined. 
The  thoriiun  content 
was  obtained  by  evap- 
orating a  weighed  por- 
tion of  the  solution  in 
a  tared  platinum  dish,  and  igniting  the  residue  to  oxide.    The  dOs  was 
found  by  titrating  with  a  standard  potassium  permanganate  solution. 
The  results  are  given  in  Table  I,  and  plotted  in  Fig.  i. 
The  data  when  plotted  are     ^r 
not  quite  sufficient  to  com- 
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plete  the  curve.      No  points  ^'^■ 
were  obtained  between  B  and  ^ 
C  which  are  evidently  transi- 
tion   points.      I<ater,   it  was 
found  that  the  soUd  phase,  in 
the  bottles  from  2  to  8  along 
that  portion  of  the  curve  CD, 
consisted  of  a  definite  com- 
pound.   It,  therefore,  became 
necessary  to  follow  the  curve  ^ 
more  completely  between  the 
points  B  and  C  and  from  bottle 
2   to  the  zero  point.      More 
bottles   were,   therefore,   pre- 

*  R.  J.  Meyer  und  O.  Hauser,  "Analyse  der  seltenen  Erden  und  ErdsauFen/'  p.  167. 
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pared  and  rotated  for  several  months  in  a  thermostat  at  25^.  It  was 
necessary  to  rotate  for  a  considerable  length  of  time;  otherwise,  results 
of  a  metastable  condition  would  be  obtained.  The  data  are  given  in 
Table  II  and  plotted  in  Fig.  2. 

Tablb  I. 

(NH4)tCi04.  ThCCtOOi.        G.  (NH4)iC.04       G.  Th(CtO«)i 

Bottle  No.  Per  cent.  Per  cent.  per  100  g.  HsO.     per  100  g.  HsO. 

1 0.89  0.57  0.90  0.58 

2 1.65  1.38  1.70  1.42 

3 483  5.06  5.36  5.63 

4 6.93  7.79  8.13  9.13 

5 10.27  12.35  13-27  15-96 

6 12.20  15-35  16.84  21.18 

7 15-07  19.54  23.04  29.87 

8 17.49  23.19  29.47  39.10 

9 4.98  ...  525 

10 5.62  1.43  6.04  1.54 

II 6.93  4.07  778  4.51 

12 8.70  7.40  10.37  8.82 

13(a) 11.68  12.76  15.46  16.89 

13(6) 11.68  12.77 

14 14.52  17.84           '     21.47  26.37 

15 17. II  22.18  28.18  36.54 

16 17.13  22.16  28.21  36.51 

8(f) 17.49  23.19 

4(d) Results  of  analysis  identical  with  those  of  8(s) 

Tabls  II. 

(NH«)sCi04.  Th(CiO«)s.  G.  (NHOsCtOt        G.  Th(CtO«)r 

Bottle  No.  Per  cent.  Per  cent.  per  100  g.  BbO.      per  100  g.  HsO. 

A 0.03  0.03  0.03  0.03 

B 0.48  0.20  0.48  0.20 

C 0.32  0.36  0.52  0.36 

D 0.79  0.35  0.80  0.35 

E 1.50  I -31  1.54  1-35 

Points  I,  2  and  3  are  taken  from  Table  I,  and  are  the  same  as  in  Fig.  i. 

Tablb  III. 

Solid  Phase. 

(NH4)<Cs04.  Th(Ci04)t. 

Bottle  No.  Per  cent.  Per  cent. 

2 10.51  66.39 

3 10.84  64.77 

5 12.78  63.98 

6 12.65  63.87 

7 1340  66.42 

A 0.00  66.89 

B 3.17  64.85 

Unfortunately,  no  new  points  came  between  B  and  C.  Samples  of  the 
solid  phase,  along  that  part  of  the  curve  from  C  in  Fig.  i  to  i4  in  Fig.  2, 
were  withdrawn  by  means  oi  a  platinimi  spoon,  and  freed  as  much  as  pos- 
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sible  from  the  mother  liquor 
by  pressing  between  filter 
papers  in  a  screw  press.  The 
pressed  sample  was  quickly 
transferred  to  a  weighing 
bottle  and  thoroughly  mixed. 

The  thorium  oxide  and 
CiOs  contents  were  then  de- 
termined. 

The  data  are  given  in 
Table    III   and   plotted    m 

Pig.3. 

It  wiU  be  seen  that  lines 
joining  the  points  of  the  cor- 
^«  responding  liquid  and  solid 
phases  meet  at  a  common  point,  expressed  by  the  formula 
2Th(Ci04)a.(NH4)2C204.2H20.  This  does  not  entirely  agree  with  the  re- 
sults obtained  by  O.  Hauser,  since  he  finds  three  molecules  of  water  pres- 
ent. However,  the  authors  give  the  formula  as  obtained  by  the  triangular 
diagram,  and  not  from  the  analysis  of  the  pure  compound. 

That  portion  of  the  curve  in  Fig.  i  represented  by  the  line  AB  shows 
the  solubility  of  thorium  oxalate  in  ammonium  oxalate.  B  and  C  are 
evidently  transition  points  and  the  solid  phase  occurring  in  any  bottles 
coming  between  these  points  should  consist  of  the  normal  compound, 
2Th(C204)j.(NH4)jC204.7HfO,  as  described  by  Brauner.  From  point 
C  in  Fig.  I  to  point  D  in  Fig.  2,  there  exists,  as  the  solid  phase,  the  com- 
pound shown  in  the  triangular  diagram.  From  D  to  A  in  Fig.  2,  the  solid 
phase  consists  of  thorium  oxalate.  Lines  joining  the  corresponding 
points,  representing  the  liquid  and  solid  phases,  do  not  meet. 

This  work  indicates  that  at  25°  there  are  only  two  ammonium  thor- 
oxalates. 

DUSHAM.  N.  H. 


THERMOELEMENT  INSTALLATIONS,   ESPECIALLY  FOR 
CALORIMETRY. 

By  Waltbk  p.  Whitb. 
Received  July  20.  1914. 

For  maximum  precision  in  calorimetry,  electrical  thermometers  are 
essential,  and  they  are  often  considered  to  be  also  the  most  convenient. 
Among  them  the  least  exacting,  the  most  accurate  for  small  intervals, 
and  the  freest  from  sources  of  error  is  the  multiple  thermoelement  when 
used  with  a  small  temperature  difference  between  its  two  ends.  With  it 
the  relative  precision  required  in  the  electrical  measurement  is  ordinarily 
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from  a  hundredth  to  a  thousandth  of  that  needed  with  the  resistance  ther- 
mometer for  the  same  thermometric  precision.  It  is,  accordingly,  some- 
times nearly  indispensable,  often  the  most  convenient,  and  very  seldom 
appreciably  less  advantageous  than  other  types. 

The  thermoelement  has  been  employed  in  this  way  for  a  number  of 
years  in  calorimetric  methods  of  great  delicacy  though  of  somewhat  re- 
stricted scope,  but  the  newer  and  more  widely  applicable  thermoelement 
technic  has  scarcely  been  used  in  chemical  work  as  yet,  and  appears  ac- 
cordingly to  be  rather  unfamiliar  to  chemists.  It  has  therefore  seemed 
best,  in  presenting  some  recent  modifications,  to  attempt  also  a  rather 
complete  account  of  the  thermoelectric  procedure,  beginning  in  the 
present  paper  with  the  fundamental  methods  and  apparatus,  and  follow- 
ing with  descriptions  of  the  thermoelement  and  of  its  appUcation  to  the 
calorimeter.  The  methods  and  arrangements  to  be  described  are  also 
in  large  part  advantageous  for  precision  thermoelement  work  in  other 
subjects  besides  calorimetry. 

X.  The  Thermoelectric  Methods  in  General. 

The  salient  features  of  the  thermoelectric  methods  here  presented  are: 
(a)  The  temperature  to  be  measured  acts  on  the  thermoelement,  which 
is  simply  a  slender,  flexible  bundle  of  fine,'instdated  wires,  easily  enclosed 
in  a  variety  of  ways,  and,  when  once  enclosed,  detrimentally  affected 
only  by  very  severe  treatment.  No  heat  is  produced  in  it.  (jb)  The 
electrical  quantity  (electromotive  force)  fiunished  by  this  thermoele- 
ment is  about  proportional  to  the  temperature  interval,  and,  therefore, 
the  relative  precision  required  for  measuring  it  is  extraordinarily  low,  as 
already  mentioned,  (c)  The  electromotive  force  is  measured  with  a 
potentiometer,  (d)  The  system  shares  the  general  advantage  of  all 
potential  methods,  namely,  it  possesses  an  almost  complete  indifference 
to  contact  resistance,  and  thereby  avoids  one  of  the  most  troublesome  and 
insidious  soiu*ces  of  error  in  electrical  work,  (e)  One  consequence  of 
this  property  is  that  the  reading  of  different  temperatiu-es  or  electrical 
quantities  dtuing  the  same  experiment  is  especially  easy  with  the  thermo- 
electric installation.  (/)  The  thermoelement  measures,  primarily,  only 
differences  of  temperature,  hence  some  body  of  definite  thermal  condition 
must  be  provided  to  control  the  end  not  in  the  calorimeter.  This  provi- 
sion, though  it  affords  the  means  of  simplifying  the  electrical  measure- 
ment (as  aheady  pointed  out),  is  also  an  inconvenience. 
2.  The  Relative  Precision  Required. 

The  coils  of  the  potentiometer  must,  in  the  nature  of  things,  evidently 
be  calibraied  with  as  great  relative  precision  as  is  to  be  obtained  in  the 
temperature  determinations.  This  of  course  applies  only  to  the  coils 
0!  the  highest  valued  decade  used  in  any  particular  determination. 
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Potentiometer  coils  are  ordinarily  adjusted  with  a  precision  of  from  i 
per  mille  to  o.  i  per  mille.  Hence  corrections  to  the  higher  valued  coils 
will  often  be  necessary  in  working  to  o.  i  per  mille,  but  will  disappear  en- 
tirely when  the  precision  is  less,  or  the  instrument  is  very  well  adjusted. 
These  corrections  will  be  small  and  invariable;  no  coil  corrections  for 
temperatiu*e  will  ever  be  needed. 

If  the  standard  cell  by  which  the  potentiometer  is  regulated  is  a  satura- 
ted cadmium  cell,  its  electromotive  force  will  vary  o.oooi  for  every  2° 
change  in  temperature,  and  a  small  temperatm-e  correction  may  be  needed 
in  very  accurate  work.  The  temperature  correction  of  a  Weston  cell 
will  be  quite  negligible. 

The  corrections  required  are  therefore  less  than  are  usual  with  either 
a  mercury  thermometer  or  an  electrical  resistance  thermometer. 

3.  The  Absolute  Precision  Required. 

The  absolute  precision  required  is  the  subject  of  most  of  the  miscon- 
ception which  may  exist  regarding  the  thermoelectric  system.  Much 
potentiometer  work  is  of  such  a  character  that  for  it  a  precision  of  10  micro- 
volts is  remarkably  good.  With  respect  to  this  work,  and  to  the  corre- 
sponding apparatus,  methods,  and  habits  of  thought,  the  precision  of  one- 
tenth  of  a  microvolt,  here  recommended  for  thermoelectric  work,  is  apt 
to  appear  extreme.  The  truth  is,  however,  that  this  degree  of  precision 
has  been  selected  not  because  it  is  indispensable,  but  because  it  has  been 
found  to  be  easily  attainable  in  daily  work,  under  any  but  the  worst  condi- 
tions. 

A  thermoelement  of  24  copper-constantan  couples,  which  may  be  only 
5  mm.  in  diameter  when  enclosed,  and  will  then  seldom  have  more  than 
120  ohms  resistance,  is  easily  made  and  very  convenient,  and  may  be 
taken  as  the  standard  size  for  calorimetry.  With  it  an  electrical  precision 
of  0.1  microvolt  means  a  thermometric  precision  of  0.0001°.  An  elec- 
trical precision  of  o.i  microvolt,  therefore,  is  better  than  will  usually 
be  required  for  calorimetry,  though  i  .0  microvolt  will  be  required  in  any 
case  where  the  precision  of  electrical  methods  is  needed  at  all.  In  high 
temperature  work  with  platinum  thermoelements  a  microvolt  is  usually 
the  smallest  quantity  read,  but  it  is  sometimes  very  desirable  in  laboratory 
work  at  high  temperatures  to  be  able  to  read  closer.  In  what  follows  here 
the  precision  in  view  will  be  o.  i  microvolt,  as  being  easily  attainable  and 
often  desirable  or  necessary.  This  precision,  although  greater  than  that 
used  in  some  kinds  of  potentiometer  work,  is  really  low  considering  the 
thermometric  precision  obtained  with  it;  it  is  only  about  half  the  micro- 
volt precision  commonly  used  to  get  a  thermometric  precision  of  0.0001° 
with  some  of  the  best  resistance  thermometers. 
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4.  The  Xnstnimental  Arrangements  Needed  to  Ghre  the  Desirable  Ab- 
solute Precision. 

A  precision  of  o.  i  microvolt,  even  though  it  is  easily  maintained,  will 
of  cotu'se  require  apparatus  of  greater  effectiveness  than  is  needed  for 
reading  to  10  microvolts.  The  galvanometer  must  evidently  be  more 
sensitive,  though  the  sensitiveness  needed  is  not  extreme. 

Secondly,  the  potentiometer,  though  it  may  be  simpler  and  less  expen- 
sive than  the  types  most  commonly  used  to-day,  must  be  different  from 
them,  having  greater  precision,  though  its  range  may  be  less. 

Finally,  there  must  be  one  feature  which  is  not  found  at  all  in  potentiom- 
eter systems  devoted  to  coarser  measurements,  but  which  is  found  in 
some  form  in  Wheatstone  bridges  and  other  electrical  installations  of  high 
precision;  this  is  an  arrangement  for  eliminating  the  effect  of  parasitic 
electromotive  forces  due  to  sUght  irregularities  of  temperature  in  various 
parts  of  the  galvanometer  circuit.  Attempts  have  been  made  to  avoid 
these  in  thermoelectric  work  by  substituting  copper  for  other  metals 
at  a  few  points  in  the  galvanometer  circuit  and  tkking  great  care  as  to  the 
room  temperature,  but  such  a  procedure  is  laborious,  and  a  vain  thing  for 
safety.  The  effect  of  the  parasitics,  however,  can  be  eliminated  from 
nearly  all  the  circuit  with  ease  and  certainty  by  a  suitable  eliminating 
switch. 

5.  The  Bliminsting  Switch. 

The  essentials  in  the  operation  of  one  form  of  eliminating  switch  are: 
(a)  To  remove  from  the  galvanometer  circuit  the  main  electromotive 
forces,  namely,  those  of  the  battery  and  of  the  thermoelement,  leaving 
the  parasitics  alone  in  the  circuit;  (b)  to  eliminate  the  deflection  due  to 
the  parasitics  by  moving  the  telescope  or  scale  (by  a  "slow  motion"  of 
course)  so  that  the  galvanometer  reading  is  zero ;  (r)  to  return  the  principal 
electromotive  forces  and  read  directly  the  additional  deflection  produced 
by  them. 

An  admirable  instrument  for  making  this  adjustment  is  a  common 


To  ^vanometer 
To  fti«r  mo  element 


To  potentiom  eter 


To  thermoeJiement 


To  po*eo«  ometcr 


Fig  I. — ^Knife  switch  arranged  to  etinunatc  parasitic  clectrcmotive  forces. 

3-way,  2-pde  copper  knife  switch*    Fig.  i  shows  the  method  of  coonec- 
tion.    In  the  figure  the  knives  are  thrown  to  the  left  for  the  adjustment 
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and  to  the  right  for  the  reading.  Z  is  a  resistance,  to  be  explained  pres- 
ently. 

The  simple  connections  required  can,  of  course,  be  secured  in  number- 
less ways,^  but  for  low  cost,  minimum  of  attention  required,  and  minimuni 
probability  of  accident  or  trouble  in  working,  there  appears  to  be  nothing 
equal  to  the  knife  switch. 

The  convenience  of  the  knife  switch  can  also  be  still  fiuiJier  increased  if 
the  ordinary  knife  is  replaced  by  one  of  twice  the  length,  whose  two  ends 
make  an  obtuse  angle  with  each  other,  as  in  Pig.  9  of  the  following  paper 
in  this  series.  The  throw  of  the  switch  then  requires  a  much  shorter 
and  simpler  motion,  and  can  be  made  by  means  of  a  pull  rod,  as  in  Pig.  9. 
Prom  this  latter  fact  follow  several  advantages:  the  switches  can  be  pro- 
tected by  a  box,  through  whose  side  the  pull  rods  pass;  a  number  of 
switches  can  be  worked  from  almost  the  same  point,  immediately  under 
the  operator's  hand;  and  the  motion  of  several  switches  can  be  made 
nearly  or  quite  simultaneous.  This  is  an  especial  advantage  in  potentiom- 
eter work;  illustrations  of  it  will  be  given  in  Pigs.  8  and  11  of  the  follow- 
ing paper.  Switches  of  this  modified  pattern  can  be  obtained  from  the 
manufacturers  at  about  40  cents  extra  cost  each,  for  small  orders. 

In  throwing  the  eliminating  switch,  it  is  essential  that  the  thermo- 
element circuit  should  open  before  the  battery  circuit,  and  close  after  it, 
or  else  there  may  be  a  very  large  galvanometer  deflection  which  would 
generally  spoil  the  adjustment.  This  requirement  is  easily  met  by  filing 
off  a  little  from  the  edge  of  the  knife  on  the  thermoelement  side  of  the 
switch. 

The  opening  of  the  battery  circuit  when  the  switch  is  thrown  removes 
the  corresponding  electromotive  force  without  materially  changing  the 
galvanometer  circuit,  but  the  electromotive  force  of  the  thermoelement 
cannot  be  removed  without  disconnecting  the  thermoelement  itself. 
But  the  deflection  due  to  the  parasitics  wiU  not  remain  the  same  unless 
the  resistance  of  the  circuit  is  the  same.  Hence  during  the  adjustment 
a  coil  must  be  inserted,  approximately  equal  in  resistance  to  the  missing 
thermoelement;  This  is  Z  of  Pig.  i.  If  the  maximum  parasitic  force 
is  4  microvolts  (a  rather  large  value)  and  the  precision  is  to  be  to  o.i 
microvolt,  the  parasitic  currents  evidently  must  not  be  changed  as  much 
as  one-fortieth  in  the  adjustment,  and  the  galvanometer  circuit  resistance 
must  therefore  remain  as  constant  as  that.  A  constancy  of  1%  in  the  re- 
sistance is  twice  what  is  needed,  and  so  gives  a  satisfactory  margin  of 
safety.  Hence  it  will  be  sufi&dent  if  the  resistance  of  the  thermoelement 
does  not  differ  from  that  of  the  coil  Z,  by  more  than  1%  of  the  resistance 
of  the  whole  circuit,  that  is,  by  more  than  from  2  to  10  ohms,  as  the  case 

*  See,  for  instance,   "Potentiometer  Installation,  Especially  for  Thermoelectiic 
and  High  Temperature  Work/*  Thys,  Rev.,  25,  344  (1907). 


Digitized  by  VjOOQIC 


THERMOELEMENT  INSTALLATIONS,  ETC.  1 86 1 

may  be.  This  degree  of  equality  is,  of  course,  very  easily  secured,  and  the 
necessity  for  it  is  in  any  case  no  objection  to  this  method  of  elimination, 
since  it  is  also  usually  desirable  in  order  to  maintain  proper  galvanometer 
sensitiveness^  where  several  thermoelements  are  in  use.  The  thermo- 
elements with  their  leads  must  then  be  made  equal  to  each  other  in  re- 
sistance, and  hence  might  as  well  also  be  made  equal  to  Z. 

There  are  several  other  effective  methods  of  eliminating  the  effects  of 
the  parasitic  forces,  but  the  one  just  described  appears  on  the  whole  to 
be  preferable,  at  any  rate  for  precision  not  very  much  greater  than  o.  i 
microvolt.* 

6.  ''Neutral''  Contacts  and  Connections. 

The  arrangement  and  procedure  just  described  effectively  eliminate 
parasitic  troubles  in  the  galvanometer  and  the  potentiometer;  it  is  also 
necessary  that  the  switch  itself,  and  the  leads  from  it  to  the  thermoele- 

^  For  reading  to  one-hundredth  microvolt  with  a  4  microvolt  i>arasitic  force,  a 
constancy  of  resistance  to  about  o.ooi  of  the  total  would  be  desirable,  and  to  mamtAin 
this  with  various  thermoelements  might  be  troublesome,  particularly  if  the  total  re- 
sistance had  to  be  low,  in  order  to  gain  sufficient  sensitiveness.  Hence' in  such  a  case 
there  is  more  reason  for  preferring  one  of  the  methods  of  elimination,  described  in  the 
following  foot-note,  which  dispenses  with  the  resistance  Z.  But  it  should  be  noted 
that  to  attempt  to  eliminate  any  parasitic  effect  to  i  /400  of  its  value  is  a  very  unpromis- 
ing task,  so  that  readings  to  o.oi  microvolt  will  generally  be  accompanied  by  pre- 
cautions against  the  occurrence  of  any  parasitics  approaching  4  microvolts  in  value, 
and  in  that  case  the  resistance  adjustment  might  still  be  preferable. 

'  (a)  It  is  possible  to  record  and  apply  a  correction  instead  of  adjusting  the  scale, 
but  this  is  more  laborious,  complicates  the  record,  and  unless  one  is  very  systematic 
about  it,  may  be  a  source  of  mistake.  The  correction  must  be  applied  to  every  accurate 
reading,  while  the  adjustment,  once  made,  is  good  for  from  one  to  ten  minutes,  (h) 
Instead  of  the  deflection  produced,  the  electromotive  force  itself  may  be  compensated, 
by  means  of  a  device  which  is  really  a  little  potentiometer,  made  of  a  battery,  a  high 
resistance,  and  a  very  small  variable  resistance  (A.  D.  Palmer,  Phys.  Rev.,  21,  72  (1905), 
and  several  other  writers).  This  method,  however,  is  not  valid  unless  either  (i)  the 
resistance  is  kept  constant,  or  (2)  the  galvanometer  is  first  made  to  read  zero  on  open 
circuit.  But  (i)  with  resistance  adjusted  to  be  constant  this  method  is  more  com- 
plicated than  the  movable  scale,  without  any  countervailing  advantage,  while  (2) 
in  the  other  case  it  requires  two  adjustments,  of  which  the  one  on  open  circuit  is  very 
tedious  with  moving  coil  galvanometers.  The  method,  however,  might  still  be  worth 
while  in  very  delicate  measurements,  especially  if,  as  is  likely  to  occur  with  them,  the 
galvanometer  was  of  the  Broca  type,  which  is  damped  on  open  circuit,  (c)  Another 
method  of  eliminating  the  effect  of  the  parasitics  is  to  reverse  simultaneously  both  the 
battery  and  the  thermoelement,  by  means  of  two  commutators  operated  together, 
when  half  the  algebraic  sum  of  the  two  deflections  obtained  is  the  true  deflection.  Here 
the  resistance  is  bound  to  be  constant  without  any  special  arrangements,  but  this,  as 
has  been  stated,  is  practically  no  advantage  for  precision  not  greater  than  to  o.i  micro- 
volt, since  constant  resistance  is  needed  also  to  give  constant  galvanometer  sensitive- 
ness; on  the  other  hand,  the  method  carries  <to  an  even  greater  degree  the  complexities 
of  record  and  other  defects  which  result  from  recording  the  zero  reading,  and  this  dis- 
advantage, it  is  evident,  is  especially  great  in  reading  varying  electromotive  forces. 
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ment,  be  "new/ro/,"  that  is,  free  from  parasitic  thermal  electromotive 
forces.  Thermoelectromotive  forces  are  necessarily  absent  where  no 
temperature  difference  exists,  a  condition  which  is  often  seoired  in  switches 
by  immersing  them  wholly  in  oU.  This  troublesome  precaution,  however, 
is  quite  unnecessary  in  working  to  o.  i  microvolt.  Both  the  switch  and 
the  thermoelement  leads  can  very  easUy  be  made  sufficiently  neutral, 
under  all  temperature  conditions  ordinarily  occurring,  by  taking  advan- 
tage of  the  uniformity  and  homogeneity  now  characteristic  of  the  ordinary- 
commercial  copper  sold  for  electrical  purposes.^ 

There  is,  first,  no  danger  of  trouble  along  any  single   uninterrupted 
length  of  copper  wire.    Second,  the  very  slight  differences  in  thermo- 
electric quahty  which  may  possibly  exist  between  wire  and  terminal 
are  rendered  harmless  by  the  fact  that  these  may  all  easily  be  made  to 
occur  in  pairs,  in  each  of  which  the  two  members  are  close  together  (and 
therefore  always  at  the  same  temperature),  and  so  connected  that  the 
exceedingly  minute  thermal  forces  either  oppose  each  other  or  (in  the 
eliminating  switch)  are  substituted  one  for  the  other.     And  finally,  the 
presence  of  thermal  forces  in  the  contact  surfaces  can  be  very  easily  pre- 
vented by  appropriate  methods  of  construction.    These  forces,  whose  ex- 
istence is  perhaps  not  universally  recognized,  are  due  to  the  fact  that 
wherever  two  pieces  of  the  same  metal  come  together,  whether 
soldered  or  not,  the  material  right  at  the  contact  siu^ace  is 
thermoelectrically  decidedly  different  from  the  rest.      As  long 
as  the  two  metals  on  each  side  of  this  thin  layer  are  at  the  same 
temperature,   no   trouble   whatever  results,   but   appreciable 
thermal  forces  are  produced  if  there  is  a   temperature   gra- 
dient through  the  contact  layer.    A  very  effective  way  to  pre- 
vent the  formation  of  such  a  gradient  in  a  temporary  contact  is 
,   to  make  the  contact  occur  between   two  thin  flat  strips  of 
I  metal,  which  will  evidently  come  immediately  to  a  common 
temperature,  if  the  contact  is  good.      A  knife  switch  is  excel- 
lent in  this  respect,  but  a  still  more  effectively  neutral  contact 
is  obtained  by  means  of  a  very  thin  strip  of  copper,  pulled 
into  a  spring  dothes-pin,  which  serves  as  a  clamp  to  main- 
Fig.  2.—  tain  pressure  on  the  contact.    Cables  or  wires  terminated  by 
Quick,  mov-  s^cji  contacts  (Fig.  2),  which  are  made  to  grasp  other  thin 
able,neutr    g^pg  ^f  copper,  can  be  thoroughly  recommended  for  the  con- 
thennoelec-  ^^^tion   between   the   thermo-element    and    the    eliminating 
trie")    con-  switch,  being  rapid,  adaptable,  exceedingly  cheap,  and  thermo- 
tact.  electrically  unexcelled. 

This  type  of  contact,  by  the  way,  really  has  a  very  wide  range  of  profita- 
'  For  data  as  to  this,  see  "The  Therinoelement  as  a  Precision  Thermometer, "^ 
Phys.  Rev.,  31,  149  (1910). 
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ble  use.  I  have  used  them  for  miscellaneous  comiections,  instead  of 
plugs  in  resistance  boxes,  as  commutators,  etc.  (by  suitable  arrangements 
of  several  copper  strips),  and  for  several  years  as  regular  potentiometer 
switches.  They  really  excel  binding  posts  for  most  purposes  and  plugs 
for  many,  both  on  accotmt  of  their  quickness  and  because  the  spring  in- 
sures that  they  will  not  spontaneously  become  loose,  but  as  switches  they 
are  a  Uttle  less  convenient  than  some  other  arrangements,  and  are  recom- 
mended mainly  by  their  low  cost  and  ease  of  installation. 

Where  two  piec^  of  copper  are  soldered  together,  the  same  general  con- 
dition obtains  as  in  a  temporary  contact;  that  is,  there  is  a  thin  intervening 
layer  which  must  be  free  from  temperature  gradient.  If  one  of  the  mem- 
bers is  a  wire,  the  equalizing  effect  of  the  broad  contact  is  no  longer  fully 
obtained,  hence  it  may  be  well  to  bring  the  two  conductors  to  the  same 
temperature  before  they  reach  the  contact,  which  is  done  by  putting  them 
dose  together  with  thermal  but  not  electrical  contact  (Wenner).  In  the 
clothes-pin  contacts,  this  means  merely  folding  the  flat  copper  strip  to- 
gether over  a  part  of  the  wire  from  which  the  original  insulation  has  not 
been  removed  (Fig.  2),  or,  in  the  case  of  a  more  massive  terminal,  wind- 
ing the  insulated  wire  around  it  and  cementing  with  some  electrically  in- 
sulating varnish,  such  as  shellac.^  As  far  as  I  know,  this  precaution  has 
not  been  observed  to  be  necessary  except  when  the  terminal  is  rather 
massive,  and  therefore  apt  to  differ  considerably  in  temperature  from  the 
air,  but  it  is  so  very  easy  to  take  that  it  is  best  employed  for  high  precision, 
and  by  all  means  in  the  eliminating  switch  of  Fig.  i,  which  ought  to  be 
quite  above  suspicion. 

The  elimination  of  parasitic  electromotive  forces  by  means  of  the  elimina- 
ting switch  is  very  complete,  and  is  dependent  only  on  the  effective  neu- 
trality of  the  switch  itself,  which  should  therefore  be  carefuUy  tested  as  a 
prelude  to  any  work  of  precision.  The  test  is  easily  and  quickly  made, 
after  the  leads  have  been  soldered  to  the  switch,  and  before  these  have 
been  permanently  connected  to  the  other  apparatus.  The  leads  from  the 
two  end  dips  (Fig.  i)  are  connected  together  to  one  terminal  of  a  galva- 
nometer, the  lead  from  the  center  post  to  the  other  terminal;  a  difference 
of  temperature  is  produced  between  the  end  cHps  (by  holding  one  awhile 
between  thumb  and  finger,  for  instance) ;  the  change  of  deflection  caused 
by  throwing  over  the  switch  is  then  observed. 

Tests  have  been  made  here  on  four  lots  of  switches,  one  of  unknown 
make,  the  others,  catalog  numbers  710  and  980  of  the  Trumbull  Blectric 

*  The  wires  should  of  course  be  as  fine  as  is  convenient.  For  the  outer  connec- 
tions, where  some  strength  is  required,  anything  not  larger  than  22  cable  (7  strands 
of  0.25  mm.  diameter  each)  is  miobjectionable,  though  for  the  stationary  neutral  connec- 
tions much  finer  wire  (0.2  mm.  or  less)  had  better  be  used,  since  its  use  entails  no  in- 
convenience. 
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Company.  The  contact  clips  were  bent-up  copper  strips  (Fig.  3),  a  form 
perhaps  more  likely  than  machined  contacts  to  resemble 
the  knife  in  quality  of  metal.  With  one  clip  heated  by  hold- 
ing an  incandescent  light  against  it  for  several  minutes  the 
first  deflection  on  throw-over  was  0.5  microvolt,  falling  in  5 
seconds  to  o.i  microvolt,  which  lasted  somewhat  longer. 
Other  similar  tests  gave  comparable  results. 
There  appears,  therefore,  no  doubt  that  under  reason- 
Fig.  3. — Con-  able  conditions  these  switches  would  never  show  a  permanent 
tact  dip  of  Pig.  parasitic  force  approaching  o.i  microvolt.-  To  make  cer- 
tainty still  more  certain,  however,  it  seems  worth  while  to 
shield  from  drafts,  as  can  be  easily  and  simply  done  by  an  inverted  box, 
perhaps  using  pull  rods  to  work  the  switches,  which  in  that  case  should 
have  the  longer  bent  knives  mentioned  above. 

The  substitute  coU  Z  should  of  course  also  be  thoroughly  neutral.  To 
make  it  so,  the  ends  of  the  manganin  coil  are  joined  to  very  fine  copper 
terminals,  the  junctions  are  brought  as  dose  together  as  possible  and  so 
wrapped  or  enclosed  as  to  shield  them  from  uneven  temperatures  without. 

7.  The  Galvanometer. 

The  work  here  in  view  demands  from  the  galvanometer  nothing  extraor- 
dinary or  special.  The  period  need  not  be  less  than  5  seconds;  the  neces- 
sary external  resistance  will  not  be  more  than  from  60  to  300  ohms,  de- 
pending mainly  on  the  thermoelement  used;  the  sensitiveness,  for  reading 
to  0.1  microvolt,  should  be  i  mm.  per  microvolt  at  2  meters  distance, 
that  is,  one  scale  division  should  correspond  to  a  microvolt,  and  tenths 
should  be  easily  estimated.  Moving  coil  galvanometers  of  greater  sensi- 
tiveness than  this  are  now  regularly  catalogued,  while  at  least  two  con- 
cerns ftunish  galvanometers  whose  eflSciency  is  over  twenty  times  that 
just  stated.^  This  prescription,  however,  supposes  a  steady  support  for 
the  galvanometer.  Vibration^ of  the  building  may  lower  the  effective 
sensitiveness  to  one-fifth  of  its  proper  value,  and  may  thus  diminish  the 
number  of  moving  coil  instruments  available  for  a  precision  of  o.  i  micro- 
volt. But  some  of  them  would  evidently  still  sufSce,  while  a  less  precision 
than  o.  I  microvolt  suffices  in  most  cases.  Of  course,  galvanometer  difi&- 
culties  are  not  an  affair  of  the  thermoelement  alone,  but  affect  it  rather 
less,  if  anything,  than  they  do  the  resistance  thermometer.* 

^  One  of  these  is  a  moderate-priced  instrument  of  the  Cambridge  Instrument 
Company,  with  a  period  of  only  2.8  sec.,  a  circuit  resistance  nearly  300  ohms,  and  a 
sensitiveness  of  four  millimeters  per  microvolt  at  i  meter.  (For  thermoelectric  work 
with  this  instrument  the  resistance  should  be  increased  at  the  expense  of  the  lumeces- 
sarily  short  period  or  of  the  sensitiveness,  which  would  usually  be  excessive.)  The 
other  is  a  special  galvanometer  of  the  Leeds  and  Northrup  Co. 

*  Because  the  microvolt  sensitiveness  of  the  resistance  thermometer,  as  ordinarily 
used,  is  less,  and  the  required  galvanometer  sensitiveness,  therefore,  greater  than  with 
the  thermoelement. 
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If  the  type  of  galvanometer  available  more  than  meets  requirements, 
convenience  dictates  that  some  of  the  extra  efficiency,  at  least,  should 
lie  in  the  direction  of  high  resistance,  for  this  makes  the  circuit  less  sensi- 
tive to  changes  of  resistance,  and  hence  (iiminishes  the  care  and  attention 
needed  to  secure  the  constant  galvanometer  sensitiveness  which  permits 
rapid  observing.  Little  gain  comes  from  having  the  sensitiveness  much 
more  than  sufficient  to  permit  estimating  the  smallest  unit  which  is  to 
be  recorded.  A  satisfactory  combination  is:  microvolt  sensitiveness,  0.5 
(that  is,  o. 5  mm.  at  i  meter — the  same  as  i  mm.  at  2  meters) ;  period  3  to  4 
seconds:  resistance  as  high  as  possible  up  to  1000  or  1200  ohms.  The 
makers  of  galvanometers  can  advise  regarding  the  attainment  of  the  most 
satisfactory  performance  in  any  particular  case.^ 

Many  galvanometer  installations  could  easily  be  given  higher  effective 
sensitiveness  by  the  use  of  a  more  powerful  telescope.  In  most  cases, 
also,  the  sensitiveness  can  be  nearly  doubled  simply  by  putting  the  scale 
much  farther  from  the  mirror  than  the  telescope  is — a  device  presumably 
well  known,  but  surprisingly  little  used. 

For  high  temperature  work  and  in  other  cases  where  a  precision  of 
only  a  microvolt  is  cotmted  sufficient,  the  galvanometer  may  be  less  sensi- 
tive, and  therefore  cheaper  and  a  little  less  delicate  to  handle,  but  in  such 
work  high  resistance  and  shortness  of  period  are  often  more  important 
than  in  calorimetry. 

8.  Special  Conveniences  of  the  Thermoelement  System. 

The  very  simple  eUminating  switch  with  its  neutral  contacts,  the  fairly 
sensitive  galvanometer,  and  an  appropriate  potentiometer  (to  be  considered 
later)are  the  three  special  features  required  by  the  auxihary  system  of  the 
precision  thermoelement.  That  system  offers  two  other  features  which 
are  of  great  convenience,  namely,  facility  in  reading  different  instruments 
during  the  same  observation,  and  facility  in  using  large  deflections  of  the 
galvanometer  so  as  to  simplify  observing.  Both  are  possible  with  other 
systems,  but  are  especially  effective  with  this.  The  reading  of  different 
instruments  is  somewhat  dependent  on  the  design  of  the  potentiometer, 
and  will  be  treated  along  with  it  in  a  following  paper. 

9.  Deflection  Reading. 

One  great  and  largely  tmappreciated  advantage  of  thermoelement 
and  potentiometer  methods  is  the  ease  with  which  switch  manipulation 
can  be  diminished,  and  time  and  errors  accordingly  saved,  by  the  accurate 
reading  of  relatively  large  galvanometer  deflections. 

The  relations  of  all-deflection,  partial  deflection,  and  null  methods, 
are  well  illustrated  by  the  case  of  the  balance.  An  all-deflection  instru- 
*  Some  help  may  also  be  obtained  from  a  rather  technical  discussion  in  "Every- Day 
Problems  of  the  Moving  Coil  Galvanometer,"  Phys.  Rev.,  23,  382  (1906). 
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ment  is  the  spring  balance,  quick  but  relatively  inaccurate.  The  null 
method,  accurate  but  slow,  is  obtained  when  the  beam  balance  is  counter- 
poised till  it  reads  exactly  zero.  The  partial  deflection  method,  inter- 
mediate in  speed,  but  quite  equal  to  the  null  in  precision,  is  merely  the 
ordinary  practice,  where  the  last  ^figures  of  the  result  are  read  with  the 
pointer.     It  requires,  of  course,  a  moderately  constant  sensitiveness. 

In  electrical  measurement,  the  obtaining  of  an  exact  balance  is  usually 
less  tedious  than  in  weighing,  and  the  maintenance  of  constant  galvan- 
ometer sensitiveness  is  usually  troublesome  with  the  Wheatstone  bridge, 
and  also  with  some  potentiometers,  hence  for  electrical  work  of  precision 
null  methods  have  been  extensively  used.  From  this  fact,  probably,  has 
arisen  the  tendency,  sometimes  apparent,  to  think  of  null  methods  as  the 
only  possible  precision  methods  in  electrical  work,  which  has  in  one  case 
resulted  in  the  wholly  tmwarranted  assertion  that  partial  deflection 
methods  are  intermediate  in  precision  as  well  as  in  speed  between  all 
deflection  and  null  methods.  In  reality,  partial  deflection  reading  gives 
quite  as  much  precision  in  electrical  work  as  mill  methods  do,  while  with 
appropriate  potentiometers  its  speed  and  other  advantages  are  obtained 
with,  very  little  inconvenience. 

The  partial  deflection  method  here  considered,  like  the  best  methods 
of  weighing,  has  the  sensitiveness  not  merely  constant,  but  in  some  stand- 
ard unit,  so  that  the  last  figures  of  the  result  are  read  directly  from  the 
scale,  and  annexed  to  the  switch  reading  without  addition  or  subtraction. 
The  proper  degree  of  sensitiveness  is  obtained  by  proper  selection  of  scale 
division  length  and  scale  distance.   Fig.  4  shows  a  very  convenient  method  of 
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Fig.  4. — ^Positive  scale  with  zero  at  the  center,  for  partial  deflection  reading, 
numbering  the  scale,  which  makes  all  the  readings  positive  and  yet  brings 
the  zero'  at  the  middle.    It  is  obtained  by  adding  1000  to  the  negative 
readings  as  the  scale  is  numbered. 

To  maintain  constant  sensitiveness  dining  any  set  of  observations,  it 
is  only  necessary  to  keep  the  galvanometer  circuit  resistance  constant. 
The  reason  why  the  thermoelement  system  especially  favors  deflection 
reading  is  because  the  resistance  of  most  thermoelements  never  varies 
much,  and  because  the  potentiometer  can  easily  be  made  to  have  a  con- 
stant resistance  in  the  galvanometer  circuit.^  The  very  slight  changes 
in  galvanometer  sensitiveness  due  to  other  causes  can  be  corrected  by 

^  In  case  it  does  not  have  this,  a  hand  regulation  of  the  circuit  resistance  is  easy 
and  well  worth  while,  except  where  frequent  and  considerable  changes  of  the  potentiom- 
eter setting  are  being  made.     See  "Potentiometer  Installation,"  Loc.  cit.,  pp.  337-340. 
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adjusting  the  circuit  resistance  or  by  varying  the  scale  distance,  as  may  be 
convenient.  The  sensitiveness  can,  of  course,  be  adjusted  or  verified  in 
a  moment  at  any  time,  since  it  can  be  tested,  while  any  nearly  constant 
electromotive  force  is  being  read,  by  merely  moving  one  of  the  switches 
and  noting  the  restdting  change  of  deflection. 

Where  different  thermoelements  (or  other  apparatus  in  their  place) 
are  used,  the  necessary  constancy  of  resistance  is  secured  by  inserting 
in  the  circuit  with  each  a  small,  neutral,  "complementary"  coil,  so  adjusted 
that  the  combined  resistance  of  coil  and  thermoelement  is,  to  a  rough 
approximation,  the  same  in  every  case,  and  equal  to  the  coil  Z  of  the 
eliminating  switch.^  Since  these  coils  help  to  secure  not  only  the  ad- 
vantages of  deflection  reading,  but  also  the  most  convenient  method  of 
eliminating  parasitic  forces,  the  very  slight  labor  of  making  them  is  well 
worth  while.  As  a  rule,  the  ease  and  convenience  which  recommend 
this  method  are  destroyed  by  an  attempt  to  keep  the  galvanometer  sensi- 
tiveness certainly  constant  to  i  per  mille.  It  is  therefore  generally  best 
to  read  only  the  last  two  figures  of  the  result  on  the  galvanometer,  which 
calls  for  complementary  resistances  adjusted  to  at  most  0.5%  of  the 
total  galvanometer  circuit  resistance,  that  is,  only  to  one  ohm  or  more. 

The  advantages  of  deflection  reading  he  in  several  directions.  There 
is  first,  in  general,  the  evident  gain  in  convenience  and  speed,  with  at- 
tendant diminution  of  the  chances  for  mistakes  in  recording,  and  also, 
incidentally,  a  reduction,  sometimes  very  important,  of  the  number  of 
switch  dials  needed  in  the  potentiometer.  Second,  there  are  special  ad- 
vantages wherever,  as  in  most  thermal  work,  the  electromotive  force 
read  is  varying. 

In  such  determinations,  the  only  way  to  work  the  nidi  method  is  to 
observe  the  more  or  less  irregular  times  at  which  the  scale  reading  passes 
through  zero  for  different  previous  settings  of  the  switches.  A  chrono- 
graph is  needed  for  any  considerable  precision,  and  the  simultaneous  fol- 
lowing of  two  or  more  differently  varying  temperatures,  often  essential 
and  nearly  always  desirable  in  melting  point  and  recalescence  work,  is 
difficult  and  confusing.  When  deflections  are  read,  on  the  other  hand, 
the  observer,  watching  the  scale  while  he  gets  the  exact  instant  of  reading 
from  the  ticking  of  his  timepiece  or  from  a  bell  signal,  easily  takes  accu- 

^  It  is  convenient  to  make  the  terminals  of  these  coils  consist  of  two  flat  copper 
strips,  3  or  4  cm.  long,  close  together  and  separated  by  mica  or  celluloid,  which  are 
put  in  the  circuit  by  being  inserted  between  the  line  and  switch  terminals,  as  these  are 
clamped  together.  A  very  compact,  convenient,  and  easily  constructed  arrangement 
results  if  the  copper  strips  are  made  to  hold  the  coil  (laid  flat)  between  them,  being 
held  together  by  bending  the  edges  of  one  over  the  other,  of  course  with  an  insulating 
strip  between.  They  are  stamped  or  marked  to  indicate  with  what  thermoelements 
they  may  be  used.  The  manganin  wire  of  the  coils  is  connected  to  the  terminals  by- 
means  of  fine  copper  wire,  with  other  precautions  as  already  described  for  neutral 
coils  in  connection  with  the  description  of  the  coil  Z. 
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rately  timed  readings  without  the  chronograph ;  frequent  readings  of  diflfer- 
ent  varying  temperatures  present  no  difficulties;  and  the  equal  timing  of 
the  observations  greatly  facilitates  their  subsequent  treatment. 

The  latter  point  is  important  in  calorimetry.  As  a  rule,  most  of  the 
observations  in  calorimetry  relate  to  the  cooling  correction,  and  are  worked 
up  to  get  the  average  temperature  for  a  given  period  of  time.  For  the  ir- 
regularly timed  data  given  by  null  readings,  the  best  method  of  reduction 
is  to  plot  and  apply  a  planimeter.  But  this  graphic  treatment,  very 
properly  recommended  as  a  great  saving  of  labor  by  those  who  have  had 
in  view  the  null  method  data,  is  clearly  much  more  trouble  than  the  sim- 
ile addition  which  alone  is  required  for  the  data  obtained  by  deflection 
reading.  The  observer,  therefore,  will  very  soon  be  repaid  for  the  slight 
labor  needed  to  fit  his  installation  for  deflection  reading. 

The  summary  is  combined  with  that  of  the  following  paper. 


POTENTIOMETERS  FOR  THERMOELECTRIC  MEASUREMENTS 
ESPECIALLY  IN  CALORIMETRY. 

By  Waltsk  p.  Whitb. 
Received  July  20.  1914. 

In  order  to  be  well  adapted  for  accurate  thermoelectric  work,  a  potenti- 
ometer should  show  a  precision  of  o.i  microvolt,  because  this  precision, 
as  a  rule,  can  readily  be  reached  in  the  connections  and  galviuiometer, 
and  to  fall  short  of  it  in  the  potentiometer  involves  a  waste  of  facilities, 
limiting  by  so  much  the  eflSciency  of  the  thermoelement.  There  are  also 
other  features  which,  though  not  essential,  are  desirable  in  a  potentiometer 
for  thermoelectric  purposes.  The  range,  however,  may  be  relatively  low, 
so  that  such  potentiometers,  in  spite  of  their  high  precision,  are  of  relatively 
low  cost.  To  avoid  confusion  it  may  be  well  to  point  out  that  some  slide- 
wire  instruments,  specially  designated  as  "thermoelectric,"  have  little  in 
common  with  the  instruments  here  considered,  and  are,  in  fact,  peculiarly 
undeserving  of  their  name  on  any  grounds,  having  almost  no  feature  which 
specially  adapts  them  for  thermoelectric  work,  and  several  which  hinder. 
These  potentiometers,  however,  like  most  others,  are  satisfactory  in  many 
cases,  and  particularly  in  high  temperature  measurements,  where  the 
sensitiveness,  and  usually  the  precision  also,  of  the  thermoelement,  is  far 
in  excess  of  requirements. 

I.  Essentials  of  the  Potentiometer  in  General. 

A  potentiometer  is  a  row  of  resistances  in  series,  through  which  a  cur- 
rent, the  "auxiliary**  current,  is  passed  from  a  constant  battery.  This 
current  is  kept  constant  by  occasionally  adjusting  it  so  that  the  "drop" 
(potential  difference)  through  a  fixed  resistance  balances  a  standard  cell. 
Then,  since  in  a  simple  circuit  the  drop  is  proportional  to  the  resistance. 
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any  desired  voltage  within  the  range  of  the  instrument  can  be  obtained  by 
connecting  to  two  points  of  the  circuit,  between  which  lies  the  appropriate 
resistance.      This  is  illustrated  in 


A_ 


^ 


B 


Fig.  I,  where  P  and  Q  are  the 
points,  P  O  Q  the  resistance,  B  the 
battery.  In  the  actual  instrument, 
the  contacts  at  P  and  Q  are  the 
movable  contacts  of  dial  switches  or 
slide  wires.  To  meastu-e  an  unknown 
electromotive  force,  the  unknown,  X, 
is  connected  across  P  and  Q,  which 
are  then  moved  so  as  to  adjust  P  O  Fig-  i. — ^Potentiometer,  simplified.  B,  bat- 
Q  till  a  galvanometer  shows  by  the  *^^»  ^  ^^  Q'  contacts;  G,  galvanom- 
absence  of  any  deflection  that  the  ^^l^;^''^'^'^'''^'''^^^  ^""""^  '"^ 
unknown  is  balanced  by  the  voltage 

drop  of  P  O  Q,  or  else,  and  preferably,  an  approximate  balance  is  quickly 
made,  and  the  outstanding  difference  at  once  indicated  by  the  galvanom- 
eter deflection. 

The  reasons  for  the  superiority  of  this  second,  or  "partial  deflection," 
method  are  given  in  the  preceding  paper,  Section  9;  the  necessary  condi- 
tion for  it  is  constant  sensitiveness  of  the  galvanometer  which,  in  practice, 
is  an  affair  mainly  of  constant  resistance  in  the  galvanometer  circuit. 
The  galvanometer  circuit  resistance  consists,  jirsi,  of  the  thermoelement, 
galvanometer  connections,  and  ballast,  all  of  which  are  practically  constant 
in  resistance,  and  second^  of  the  resistance  Jbetween  P  and  Q  in  the  potenti- 
ometer. In  the  figure  this  resistance  is  the  variable  resistance  P  O  Q 
slightly  modified  by  the  shunting  action  of  the  larger  resistance  P  B  Q, 
but  in  the  best  potentiometers  the  total  resultant  resistance  added 
to  the  galvanometer  circuit  by  the  potentiometer  is,  by  suitable  arrange- 
ments, made  constant,  and  therefore  is  usually  quite  different  from  the 
resistance,  P  O  Q. 

2.  Features  Necessary  and  Desirable  for  Thermoelectric  Work. 

In  addition  to  the  obvious  and  universal  requirements  of  accurate  ad- 
justment and  adequate  insulation,  the  characteristics  desirable  in  a 
potentiometer  for  thermoelectric  work  are  the  following: 

(a)  There  must  be  no  uncertain  resistance  (such  as  a  contact  resistance) 
in  P  O  Q.  Even  a  ten-thousandth  of  an  ohm  is  usually  quite  inad- 
missible. 

(6)  The  movement  of  the  switches  must  not  change  the  resistance  in 
series  with  the  battery  by  as  much  as  o.ooooi  of  its  value,  that  is,  by  o.i 
ohm  or  less,  as  the  case  may  be.  Such  a  change  evidently  produces  a 
proportional  effect  on  the  reading.     (In  a  potentiometer  arranged  strictly 
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as  in  Fig.  i  the  motion  of  the  switches  can  not  affect  this  resistance  at  all, 
but  in  some  instruments  it  may.) 

(c)  The  galvanometer  circuit  resistance  should  not  be  changed  as  much 
as  0.5%  (that  is,  as  much  as  one  ohm  in  some  cases)  by  any  variation  in 
the  resistance  P  O  Q,  since  such  a  change  restricts  the  use  of  deflection 
reading  and  therefore  hampers  work  seriously. 

(d)  The  parasitic  thermal  forces  in  the  galvanometer  circuit  should  be 
small,  and  should  not  be  changed  by  the  motion  of  the  switches;  that  is, 
the  potentiometer  should  be  thermoelectrically  neutral.  This  is  much  less 
important  for  the  higher-valued  dials  than  for  the  lower,  since  the  upper 
dials  are  not  likely  to  be  so  often  shifted  after  the  adjustment  has  been 
made  to  eliminate  the  effect  of  the  parasitic  forces.  If  the  potentiometer 
is  not  neutral  the  result  is  an  inconvenience  in  working,  but  not  necessarily 
any  error. 

(e)  The  resistance  should  not  be  too  low  nor  too  high.  A  satisfactory 
resistance  is  that  which  makes  the  battery  current  i  milUampere.  A  cur- 
rent as  great  as  twice  this  begins  to  cause  too  great  variability  in  the  voltage 
of  a  convenient  size  of  storage  battery;  a  resistance  three  times  as  high  or 
more  may  cut  down  unduly  the  galvanometer  sensitiveness,  but  may 
often  be  desirable. 

3.  Types  of  Potentiometer. 

The  attainment  of  these  features  is  compUcated  by  one  requirement 
not  indicated  in  Pig;  i,  and  that  is  the  need  for  a  greater  subdivision  of 
the  w(H:king  range  than  is  given  by  the  two  switch  dials  represented  there. 
It  is  convenient  to  classify  potentiometers  first  according  to  the  method  of 
making  this  provision. 

(a)  By  Series  Coils. — In  one  class  (Feussner),  additional  dials  are  in- 
serted to  vary  the  resistance  between  P  and  Q  (Fig.  2).    This  arrangement 
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Pig.  2.— -General  plan  of  Feussner- WolfF  potentiometer. 
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is  not  neutral,  and,  above  all,  the  switch  contact  introduces  too  great 
uncertainty  into  P  O  Q.  The  older  WolfiF  potentiometers  are  of  this 
kind.  Although  excellently  built  instruments,  they  show,  unless  well 
-cared  for,  or  with  a  little  exposure  to  hydrogen  sulfide,  etc.,  uncertainties 
of  lo  microvolts  or  more,  corresponding  to  a  switch  contact  resistance  of 
O.I  ohm.  Well  cared  for,  they  are  reliable  to  a  microvolt,  but  for  other 
reasons  are  not  very  convenient  for  thermoelectric  work,  even  with  this 
low  degree  of  precision. 

ib)  By  Slide  Wire, — In  another  class  of  potentiometers  one  of  the  con- 
tacts represented  in  Fig.  i  is  upon  a  sUde  wire,  which,  with  a  dial  switch 
for  the  other  contact,  gives  sufficient  subdivision  of  the  range  (Fig.  3). 
These  potentiometers  are  cheap  and  widely  used. 
Their  proper  field  is  the  measurement  of  rather 
large  voltages  by  null  methods.  For  accurate 
thermoelectric  work  they  have  several  disadvan- 
tages :  (i)  The  parasitic  forces  at  the  sUding  con- 
tact frequently  reach  a  large  fraction  of  a  micro- 
volt, even  in  the  best  instruments.  (2)  Changes 
of  setting  take  much  longer  than  in  all-switch  in-  v^b 

struments,  at  any  rate  where  deflection  reading  ^i«- 3— General  plan  of  slide 
is  practiced.  This  often  ahnost  precludes  using  "^  potentiometer, 
the  potentiometer  to  read  more  than  one  thermoelement  in  the  same  ex- 
periment. (3)  The  galvanometer  sensitiveness  is  necessarily  changed  by 
the  motion  of  the  switches,  unless  a  ballast  resistance  is  frequently  ad- 
justed to  correct  the  variation.  (This  adjustment  is  well  worth  while  if 
necessary  to  secure  deflection  reading,  but  it  is  better  to  get  the  same 
advantage  without  it.)  Under  sUghtly  unfavorable  conditions  (such  as 
the  presence  of  even  a  little  corroding  gas)  or  in  any  but  the  best  instru- 
ments, the  slide-wire  contact  resistance  is  so  uncertain  as  to  preclude  de- 
flection reading  altogether.' 

These  potentiometers,  though  low-priced  for  their  range,  are  not,  ab- 
solutely, as  cheap  as  some  lower  range  instruments  of  higher  precision, 
and  there  is  therefore  seldom  any  reason  for  preferring  them  when  pur- 
chasing an  instrument  to  use  with  thermoelements  of  any  description. 
Instruments  already  in  hand,  however,  if  of  the  newer  and  better  types, 
may  often  be  successful,  if  rapidity  is  not  important,  and  enough  thermo- 
-ekment  sensitiveness  can  be  provided  to  render  sufficient  a  precision  of 
0.3  microvolt. 

(c)  Split  Circuit  Potentiometers. — Several  types  of  potentiometer  pro- 
vide additional  dials  by  the  device  illustrated  in  Fig.  4.  Here  the  contacts 
P  and  Q  move  on  two  parallel  lines  of  resistances  from  points  (O  and  O') 
originally  at  the  same  potential.  It  is  then  possible  by  shunts  or  external 
^cmtacts  (not  shown  in  Pig.  4)  to  make  changes  in  the  potential  of  either 
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P  or  Q  which  are  additional  to  and  independent  of  those  produced  by  shift- 
ing P  or  Q,  and  which  do  not  introduce  either  contact  resistances  or  thermal 

forces  between  P  and  Q,  nor  ap- 
preciably alter  the  galvanometer 
sensitiveness.     Three    such    de- 
vices are  elsewhere  discussed  ;^  one 
of  them,  that  invented  by  Wen- 
ner,  can  be  so  arranged  that  no 
I  appreciable  error  will  result  from 
j  a  change  in  contact  resistance  as 
great  as  0.0003  of  the  battery  cir- 
Fig.  4.— General  plan  of  split-circuit  poten-    cuit  resistance,  that  is,  in  many 
tiometer.  ,  «_»<!« 

cases  as  great  as  04  ohm.    All 

these  arrangements  require  double  switches,  that  is,  dial  switches  making 
two  separate  contacts  at  the  same  time. 

It  appears,  then,  that  in  these  split  circuit  potentiometers  some  of  the 
dials  fulfil  all  the  requirements  for  thermoelectric  work  enumerated  above. 
For  the  contacts  P  and  Q  so  completely  satisfactory  a  result  can  not  be 
obtained,  but  a  choice  must  be  made  between  very  sUght  evils,  which  arise 
as  follows:  It  is  possible  to  have  these  contacts  in  the  galvanometer  cir- 
cuit, as  in  Fig.  i,  or  else  in  the  battery  circuit  as  in  Fig.  5.  The  switches 
will  of  course  have  to  a  slight  extent 
both  parasitic  forces  and  resistance. 
If  they  are  in  the  galvanometer  cir- 
cuit, the  battery  ciurent  will  be 
completely  tmafifected  by  them,  and 
their  resistance  will  therefore  be  of 
no  importance,  so  that  very  simple 
switches  can  be  used,  but  their  sUght 
thermal  forces  will  be  eflfective,  and 
the  potentiometer  will  not  be  com- 
pletely neutral  unless  they  are  neu-  Fig.  5  —Potentiometer  with  ncutrally-ar- 
tral.  If  the  contacts  are  in  the  bat-  ^^^^^  ("aptithermoelectric")  contacts, 
tery  circuit,  the  galvanometer  circuit  will  be  quite  unaffected  and  the  slight 
thermal  forces  will  be  swamped  by  the  battery  voltage,  so  that  the  poten- 
tiometer will  be  neutral,  but  the  contact  resistances  will  affect  the  battery 
current,  and  excellent  switches  of  very  low  resistance  will  be  needed  to  keep^ 
that  sufficiently  constant.  Either  arrangement  is  satisfactory  as  a  rule; 
neither  the  resistance  nor  the  thermal  electromotive  force  of  a  suitable 
switch  is  large  enough  ordinarily  to  cause  appreciable  error  in  these  twa 
dials.     For  reading  to  o.oi   microvolt  the  absolutely  neutral  arrange- 

*  "Einige  Neue  Doppelkompensatoren,"  Walter  P.  White,  Z.  Insir.,  34,  111-113^ 
142-6  (1914)- 
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ment,  with  switches  in  the  battery  circuit,  seems  preferable;  the  other  is 
certainly  preferable  if  there  is  any  liability  of  injury  to  the  contacts  from 
corrosive  gases.  It  is  worth  noting,  that  as  to  the  thermal  forces  the 
eliminating  switch^  takes  care  of  them,  and  also  renders  it  impossible  for 
the  observer  to  be  in  doubt  as  to  their  presence  or  absence,  while  errors 
due  to  contact  resistance,  on  the  other  hand,  are  not  eliminated  or  com- 
pensated, and  are  not  likely  to  be  even  discovered  unless  specially  looked 
for.  This  means,  however,  not  that  the  potentiometer  with  interrupted 
battery  circuit  has  any  considerable  chance  of  unsuspected  error  when 
properly  cared  for,  but  rather  that  the  other  is  "fool  proof"  to  an  unusual 
degree.  The  advantages  of  both  arrangements  are  substantially  secured 
by  putting  the  contacts  in  the  galvanometer  circuit,  and  making  them 
neutral.^  A  potentiometer  upon  this  principle  is  now  in  use  in  this  lab- 
oratory,* but  is  at  present  not  regularly  on  the  market.  Split-circuit 
potentiometers  of  the  interrupted  battery  circuit  type*  are  made  by  Wolff 
of  Berlin,  according  to  a  design  by  Diesselhorst.  One  of  them,  a  three- 
dial  instrument,  can  be  recommended  for  thermoelectric  work,  and  is 
very  low -in  price. 

The  galvanometer  circuit  resistance  in  this  WolfF-Diesselhorst  instru- 
ment is  ordinarily  about  14  ohms.  It  will  be  advantageous  in  most  cases 
to  order  the  instrument  made  with  a  resistance  ten  times  as  great.^  In 
the  galvanometer  circuit  the  increase  will  merely  go  to  displace  some  of 
the  ballast  necessary  to  make  up  the  desirable  300  to  1000  ohms  (see  the 
preceding  paper,  Section  7),  while  the  battery  will  be  steadier  and  the 
possible  switch  contact  resistance  error*  will  be  diminished. 

The  slight,  easily  avoidable,  switch  contact  resistance  difficulties  en- 
countered in  potentiometers  such  as  that  just  discussed  should  by  no 
means  be  confused  with  those  inherent  in  resistance  measurements.  The 
allowable  resistance  in  a  switch  of  the  combination  potentiometer,  next 
to  be  described,  is  from  3  to  10  ohms;  in  the  Diesselhorst  potentiometer 
it  is  about  o.oi  ohm,  raised  to  about  o.i  ohm  by  the  increase  in  total  re- 
sistance just  recommended,-  while  with  many  resistance  thermometers  it 
must  be  as  low  as  o.ooooi  ohms,  for  the  same  thermometric  precision. 

The  constancy  of  the  galvanometer  circuit  resistance  is  not  appreciably 
affected  by  changes  of  the  contacts  P  and  Q  in  the  Diesselhorst  potenti- 

>  Described  in  the  preceding  paper,  Section  5. 

*  Z.  Jnstr.  {Loc.  ciL),  pp.  75-78,  108-113.  14^150. 
»  Z.  Instr.,  28,  I  (1908). 

*  This  will  cause  no  increase  in  cost,  as  Herr  Wolff  informs  me. 

*  The  order  of  magnitude  of  this  error  can  be  found  in  this  particular  instrument 
by  noting  the  change  in  the  auxiliary  current  (as  measured  against  the  standard 
cadmium  cell)  which  is  produced  by  shifting  the  switches  of  the  upper  two  dials.  Those 
versed  in  electrical  measurements  can  also  easily  find  the  error  of  the  switches  by 
measuring  the  potential  drop  through  the  contacts. 
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ometer,  since  these  dials  are  like  Fig.  5.  In  instruments  where  P  and  Q 
are  like  Fig.  i,  auxiliary  coils  (not  shown  in  Fig.  i)  should  be  added  to 
compensate  for  the  changes  produced  by  moving  P  or  Q,  as  is  done  in  sev- 
eral of  the  Geophysical  Laboratory  potentiometers.^  These  coils  do  not 
complicate  in  any  way  the  single  contact  switches,  and  they  make  the 
total  number  of  coils  the  same  as  in  the  other  type,  since  in  that  type 
similar  (but  more  accurate)  coils  are  needed  to  keep  the  battery  circuit 
resistance  constant. 

(d)  The  Combination  Potentiometer. — ^A  fourth  method*  of  adding  dials, 
and  one  well  suited  to  thermoelectric  work,  is  to  connect  two  otherwise 
separate*  potentiometers  in  the  same  galvanometer  circuit  (Fig.  6).     Four 

dials  in  all  can  thus  be  ob- 
tained, which  is  perhaps  the 
most  advantageous  number  for 
a  low  range.    The  potentiom- 
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POO       / ^  C  ^^^  giving  the  two  lower  dials 

-^  '  ^  J        Q  1^ may,  without  detriment  to  the 
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galvanometer  sensitiveness,  be 


X^jT^j given  a  battery  circuit  resist 


Fig.  6. — General  plan  of  4-dial  combination  poten-  ance  of  20,000  ohms  or  more, 
tiometer.  Owing  to  an  oversight,  the  primes  These  dials  may  therefore  be  of 
here  apply  to  the  upper  two  dials,  not  the  lower,  the  type  of  Fig.  5  without  any 
asm  Fig.  II.  danger  of   uncertain  battery 

circuit  resistance,  so  that  the  lower  dials  are  far  freer  from  both  resistance 
and  thermal  e.  m.  f .  troubles  than  are  those  of  a  split-circuit  potentiometer. 
The  upper  potentiometer  may  be  of  either  type,  just  as  with  the  spUt- 
circuit  instrument,  but  the  more  reliable  uninterrupted  battery  circuit  ar- 
rangement seems  best.  Two  batteries  are  required,  which  is  an  obvious 
complication.  This  difficulty,  however,  as  experience  has  shown,  is  dis- 
tinctly of  trifling  account,  and  is  offset  by  several  advantages,  among 
which  are  the  siftipHcity  and  intelligibility  of  the  electrical  arrangement, 
the  abihty  to  check  the  values  of  the  coils  at  any  time  by  working  one 
potentiometer  against  the  other,  and  the  fact  that  all  the  switches  are 
single.  The  instrument  as  shown  here  is  also  far  safer  from  contact  re- 
sistance error  than  any  low-range  instrument  on  the  market  at  present. 
The  mechanical  and  electrical  simplicity  of  this  design  render  it  an  easy 
one  to  get  built  to  order,  and  thus  recommend  it  where  any  special  features 
are  desired,  such  as  independence  of  switch  contact  resistance,  or  pro- 

*  "Potentiometer  Installation/'  Loc.  cit.,  p.  349;  Z.  Instr.,  27,  216  (1907);  34, 
108-9  (19 14)  {Loc.  cit.). 

*  Suggested  but  condemned  by  H.  Hausrath,  Ann.  Phys.,  17,  740  (1905).     De- 
scribed in  Z.  Instr.,  34,  147-148  (1914)  (Loc.  cit.). 

*  The  two  potentiometers,  however,  easily  may  be,  and  preferably  should  be, 
balanced  by  the  same  standard  cell.     Of  course  they  may  also  be  in  the  same  box. 
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vision  for  the  double  potentiometer  arrangement  described  in  Section  5 
below.  For  a  double  potentiometer  this  design  has  another  advantage, 
since  the  single  switches  make  it  especially  suitable  for  the  very  inex- 
pensive master  switch  arrangement  described  in  Section  6. 

{e)  Choice  of  InstrutnetU. — It  follows  from  the  above  that  there  are  three 
potentiometer  types  which  are  thoroughly  satisfactory  for  thermoelement 
work  of  precision:  the  spUt-drcuit  type  with  tminterrupted  battery  circuit 
(Geophysical  Laboratory),  the  combination  potentiometer  (Fig.  6)  and 
the  Diesselhorst  potentiometer  when  made  with  tenfold  resistance.  Of 
these  the  first  is  not  regularly  manufactured  at  present.  The  combination 
potentiometer,  though  not  yet  regularly  listed,  is  easy  to  prociu^e,  on  ac- 
count of  its  simplicity,  and  the  Diesselhorst  is  a  stock  article.  Of  the  two, 
the  combination  potentiometer  requires  a  very  little  more  routine  manip- 
ulation, but  requires  less  care,  and  is  preferable.^ 

4.  Special  Switch  Connections. 

(a)  When  in  making  the  adjustment  for  eliminating  parasitic  electro- 
motive forces,  the  switch  of  Fig.  i  in  the  preceding  paper  is  thrown,  inter- 
rupting the  battery  current  through  the  potentiometer,  it  is  still  often 
necessary  that  a  battery  cturent  of  about  the  same  amotmt  should  flow 
somewhere,  for  tmless  the  current  is  very  small  indeed,  0.0003  ampere  or 
less,  its  discontinuance  will  generally  cause  a  perceptible  variation  in  the 
voltage.  The  necessary  substitute  current  is  readily  provided  by  con- 
necting a  suitable  resistance  between  the  other  end  of  the  battery  and  the 
dip  A  in  Fig.  i. 

A  new  and  better  way  for  low-range  potentiometers  is  to  connect  the 
dip  A  to  a  point  between  the  two  potentiometer  terminals,  so  located  that 
the  current  will  still  flow  much  as  before  through  most  of  the  circuit,  but 
will  pass  arotmd  the  coils  used  to  balance  the  unknown,  the  only  ones  in 
which  the  current  needs  to  be  interrupted.  To  do  this  the  regular  con- 
nection from  the  switch  nms  to  the  regular  potentiometer  terminal  nearest 
in  potential  to  the  coils  in  question;  and  the  connection  from  A  runs  to  a 
dial  contact  block  just  the  other  sid^  of  them.  This  block  thus  becomes 
an  * 'intermediate  terminal,"  I  of  Figs.  8  and  11.  The  proper  location  of 
each  terminal  can  be  found  by  potential  measurements  upon  the  poten- 
tiometer top,  or  by  tracing  the  circuit  imdemeath  it.*  In  spUt-drcuit 
potentiometers  the  whole  spUt  portion  must  be  cut  out. 

The  advantages  of  the  method  are  that  it  dispenses  with  the  substitute 
resistance,  and  that  it  avoids  at  all  times  the  existence  in  the  switch  of 

^  Recent  quotations,  by  an  American  manufacturer,  on  single  and  duplicate  com- 
bination potentiometers,  similar  to  that  in  Pig.  1 1,  make  that  type,  as  it  should  be, 
the  lowest  priced  of  the  potentiometers  here  considered  (Aug.  14,  191 4). 

•  A  binding  post  connected  to  the  intermediate  terminal  may  be  provided,  but  is 
not  necessary. 
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large  potential  difiFerences,  and  thus  dispenses  with  the  shielding  arrange- 
ments often  needed  to  prevent  leakage  errors  due  to  these  potential  diflFer- 
ences.^  This  advantage  holds  even  where  the  circuit  resistance  is  so  high 
that  interruption  of  the  current  causes  no  unsteadiness,  for  the  danger 
from  leakage  increases  with  the  circuit  resistance. 

(6)  Most  potentiometers  have  a  key  in  the  galvanometer  circuit,  often 
with  several'associated  safety  resistances  to  guard  against  excessive  galva- 
nometer deflections.  This  com- 
bination is  with  moving  coil  gal- 
vanometers less  convenient  than 
the  arrangement  of  Fig.  7,  which 
can  be  made,  at  nominal  cost, 
from  a  couple  of  single-pole, 
double-throw  switches'  and  three 
resistances.  The  resistance  of 
the  coil  H  is  9  times  that  of  the 
rest  of  the  galvanometer  circuit 
— ^that  is,  9  times  that  in  the 
potentiometer,  thermoelement, 
and  associated  resistances — s  is 
10/81  of  H.  C  is  a  very  high 
resistance,  100,000  ohms  or  so, 
of  graphite  on  glass. 


To  thermoelement 


To  potentiometer 


Fig.  7. — Improved  galvanometer  switches. 


When  the  switch  A  is  closed  at  the  back  end,  the  galvanometer  is  shtmted 
so  as  to  be  properly  damped  for  all  positions  of  the  switch  B.  With  B 
open  there  is  no  deflection.  Closing  B  at  the  back  end  gives  a  very  small 
deflection,  due  to  ciurent  through  the  safety  resistance  C.  Bringing  B 
forward  again  closes  the  circuit  without  C,  giving  exactly  one-tenth  the 
full  sensitiveness.  Bringing  A  forward  discoimects  S  and  short-circuits 
.  H,  giving  full  sensitiveness.  The  usual  practice  will  be,  in  starting  an 
observation,  to  dose  B  for  i-io  sensitiveness,  then  set  the  dial  switches, 
then  throw  A  forward.  On  opening  the  circuit  both  A  and  B  are  thrown 
back  together  by  a  single  motion.  Continuous  readings  with  i-io  sensi- 
tiveness are,  of  course,  often  very  convenient. 

This  arrangement  is  discussed  in  Z.  Insir,,  34,  78-82  (1914);  {loc,  ctt), 
where  those  interested  can  find  further  details.  It  is,  of  coiu"se,  a  privilege 
and  not  a  requirement  in  potentiometer  work,  and  it  is  therefore,  for 
simplicity,  not  represented  in  Figs.  8  and  1 1  below.  If  used  it  would  be 
between  the  galvanometer  and  the  point  marked  T. 

*  These  shielding  arrangements  will  be  described  in  a  subsequent  paper. 

*  The  single-pole  switches  with  short  throw  are  advantageous.     They  are  a  regular 
stock  article. 
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5.  Multiple  Reading  Arrangements. 

One  virtue  of  electricity  in  all  its  applications  is  the  ease  with  which  its 
power  may  be  applied  by  the  mere  touching  of  two  conductors,  and  the 
consequent  facility  with  which  different  apparatus  may  be  combined,  or 
used  in  rapid  succession.  Among  measuring  devices  of  precision  the 
potentiometer-thermoelement  combination  possesses  this  facility  in  a 
high  degree,  owing  to  its  indifference  to  contact  resistance  outside  the 
potentiometer  (and  often  within  it) ;  to  its  adaptability  to  the  partial  de- 
flection method,  which  favors  rapid  and  varied  measurements;  to  the 
quickness  and  ease  with  which  equal  and  interchangeable  thermoelements 
can  be  constructed;  and  to  the  power  which  the  thermoelement  has  of 
giving  readings  with  the  galvanometer  alone.  Simultaneous  meastu-e- 
ments,  that  is,  quickly  alternating  observations,  of  the  temperature  of 
different  bodies  or  regions  are  sometimes  essential  and  often  recognized 
to  be  desirable,  and  would  be  found  so  still  more  often  if  convenient  means 
for  making  them  were  at  hand. 

With  provision  for  getting  the  last  two  figures  of  the  reading  from  the 
galvanometer  deflection  it  will  usually  be  satisfactory  to  make  successive 
measurements  of  different  temperatures  by  resetting  the  switches;  there 
is  nearly  always  ample  time  for  this  in  calorimetry.^ 

Usually,  also,  some  of  the  quantities  measured  are,  or  can  be  made  to  be, 
small  enough  to  fall  within  the  limits  of  the  galvanometer  scale;  pro* 
vision  for  reading  these  by  the  galvanometer  deflection  alone  can  be  made 
by  a  slight  addition  to  the  auxiliary  switch  system,  and  much  resetting  of 
the  switches  thus  avoided.    Fig.  8  shows  one  arrangement  for  this  piupose^ 


P — ^ 


g^'  p  ^ 


Rh 


B 


Fig.  8. — ^Arrangement  for  combined  direct  and  potentiometer  reading  of  4  thermo- 
elements. P,  potentiometer;  I,  intermediate  termina];  N,  negative  terminal;  Rh, 
rheostat;  B,  battery;  Z,  w,  substitute  resistances;  H,  K,  thermoelement  exchanging 
switches;  E,  eliminating  switch;  D,  potentiometer-cut-out,  or  direct-reading,  switch;  T,. 
location  of  galvanometer  and  cadmium  cell  switches. 

^  This  remark  may  not  apply  to  slide  wire  instruments. 
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operated  by  means  of  the  douMe-throw  knife  switch  D.  Any  one  of  the 
thermoelements  (here  4  in  number)  can  be  instantly  connected,  either  to 
the  potentiometer,  or  else  to  the  substitute  resistance  n,  which  is  equal  to 


Fig.  9. — Perspective  of  switches,  showing  double-ended  knives,  pull-rod  connections, 
and  method  of  ^working  two  switches  together. 

the  constant  galvanometer  circuit  resistance  in  the  potentiometer.  E  is 
the  eUminating  switch  of  Fig.  i  in  the  preceding  paper,  here  used 
with  * 'intermediate"  battery  circuit  connection,  I,  as  described  above  in 
Section  4. 

Fig.  9  shows  a  construction  which  favors  the  rapid  operation  -of  the  other  switches. 
Without  it,  a  resetting  may  involve  three  motions.  First  one  thermoelement  switch 
is  opened,  then  the  potentiometer-cut-out  switch  D  is  thrown  across,  and  then  the 
thermoelement  switch  is  closed  on  the  other  side.  By  grasping  at  once  two  of  the 
adjacent  handles  of  Fig.  9,  the  observer  can  make  this,  the  most  common  resetting, 
in  one  motion,  and  never  need  make  but  two.  The  thermoelements  whkh  are  to  be 
used  with  the  far  position  of  D,  that  is,  with  the  potentiometer  in  circuit,  are  then  on 
the  far  side  of  the  switches  H  and  K,  those  to  be  used  with  the  near  position  of  D  are 
on  the  near  side  of  H  and  K.  This  system  avoids  the  chance  of  an  tmusual  combina- 
tion's occurring  by  mistake,  but  does  not  destroy  the  possibility  of  making  it  whenever 
that  becomes  desirable.  There  is,  however,  surprisingly  little  danger  of  confusion, 
with  this  or  any  other  sjrstem.  A  habit  of  moving  the  switches  correctly  is  formed 
literally  in  five  or  ten  minutes. 

In  our  switch  the  pull  rods  are  merely  pieces  of  wooden  doweling.  They  run 
through  guides  at  the  back  end  also  and  each  is  connected  to  its  switch  by  a  pair  of 
connecting  rods  cut  from  sheet  brass  strip.  This  arrangement  works  more  smoothly 
and  is  perhaps  a  little  easier  to  construct,  also,  than  the  one  shown,  which  was  chosen 
for  representation  as  making  a  more  easily  intelligible  drawing.  The  handles  to  the 
switches  are  metal  bars,  slotted  so  as  to  fit  very  tight  over  the  insulating  cross  bars 
of  the  switches  and  further  held  by  screws.  The  object  of  this  construction  was  to 
make  the  greatest  possible  provision  against  danger  of  having  the  handles  work  loose, 
which  is  almost  the  only  way  in  which  this  kind  of  switch  can  give  trouble.  If  D  is 
to  be  used  with  4  or  more  switches  like  H  and  K,  its  pull  rod  is  best  made  of  steel  for 
stiffness. 

The  simultaneous  motion  of  the  switches  D  and  H  or  K  is  made  automatic  in  our 
switch  in  the  following  way:  D  has  a  shorter  handle,  so  that  it  is  thrown  by  half  the 
pull-rod  motion  needed  by  H  or  K.  On  the  rod  of  D  are  two  cross  bars,  as  far  apart 
as  the  throw  of  D  (or  half  the  throw  of  H,  K,  etc.)  and  so  situated  as  to  be  pushed  by 
pins  passing  through  the  rods  of  H,  K,  etc.  Then,  whenever  any  of  the  thermoelement 
switches  H,  K,  etc.,  is  thrown,  it  brings  D  into  the  right  position,  leaving  the  others 
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of  the  H,  K  set  in  the  middle  (open)  position,  and  bringing  to  that  open  position  any 
thermoelement  switch  that  may  have  been  set  on  the  other  side.  To  make  a  setting, 
then,  it  is  only  necessary  to  grasp  the  handle  of  the  proper  thermoelement  switch  and 
throw  that,  when  everything  else  will  follow,  except  in  changing  from  one  switch  to 
another  on  the  same  side,  when  two  half  throws  are  required.  Any  unusual  combina- 
tion is  readily  secured  by  withdrawing  the  appropriate  pin  from  its  pull  rod.  It  may 
be  well  to  remark  that  the  less  elaborate  arrangement  shown  in  the  figtire  is  quite 
satisfactory,  but  the  installation  of  the  more  convenient  automatic  one  should  not  cost 
an  hour's  labor,  and  therefore  seems  generally  worth  while. 

With  the  scheme  of  connections  shown  in  Fig.  8  the  usual  direct  galvanometer 
connection  to  the  potentiometer  must  be  omitted  during  regidar  readings,  but  restored 
for  the  adjustment  against  the  standard  cell.  The  necessary  transfer  is  easily  made 
by  a  3-pole  switch,  as  shown  in  Fig.  10.  The  switch  would  be  inserted  at  the  point  T. 
The  galvanometer  termmals  of  the  potentiometer  are  short-circuited  by  the  right- 
hand  knife  during  regular  readings,  when  the  galvanometer  is  in  the  circuit  at  another 
place. 

It  will  often  be  desirable  to  read  two  diflFerent  and  rather  large  electro- 
motive forces  in  the  same  experiment,  for  which  the  arrangement  just 
described  is  of  course  inadequate. 

Resetting  of  the  switches  can  then  usually  be  facilitated  by  a  simple 
device.  As  a  rule  the  observation  of  two  diflFerent  temperatures  will 
involve  making  first  one  setting,  then  a  second,  different  one,  then  the 
first  again,  then  the  sec- 
ond,  and  so  on,  with  C  /  ^^  ^ 
comparatively  infrequent 
changes  in  either  setting. 
But  the  time  and  effort 
of  switch  manipulation 
go  mainly  not  in  the 
mechanical  operation  of 
moving  the  switches,  but 
in  thinking  where  to 
move  them  and  at  the 
same  time  trying  to  be  To  switches 
sure  that  no  mistake  is  D&E 
made.  Most  of  the  labor  ^*8-  10.— Switch  for  making  the  cadmium  cell  connection 
is  therefore  saved  if  the  '"  ^^  arrangement  of  Fig.  8.  Inserted  at  T,  Fig.  8. 
two  alternate  settings  are  limited  by  stops  against  which  the  switch  can 
be  quickly  thrown  without  even  looking,  and  which  are  shifted  from  time 
to  time  as  the  settings  themselves  change.  Very  convenient  stops  can 
be  made  of  strips  of  thin  hard  rubber,  which  are  inserted  between  the 
switch  blocks.  An  indicator  appealing  to  the  eye  may  also  be  used.  The 
dial  switches  are  moved  after  one  thermoelement  switch  is  opened,  and 
before  the  other  is  dosed.  Three  or  four  seconds  is  ample  time  for  the 
whole  operation. 


To  potentiometer. 
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6.   Double  Potentiometers. 

A  more  convenient  arrangement  is  to  have  two  sets  of  switches,  and  put 
one  or  the  other  into  action  by  a  single  tmvarying  motion  of  a  master 
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switch.  This  gives  a  double  potentiometer.^  It  can,  of  course,  be  made  up 
as  a  complete  instrument.  In  that  case,  especially  if  a  split  circuit  in- 
strument is  the  basis,  an  adequate  master  switch  which  is  also  compact 
enough  is  rather  expensive,  and  i§  preferably  avoided  by  the  gridiron 
construction  already  referred  to.*  But  where  extreme  compactness  and 
•conventional  finish  are  disregarded,  as  they  may  be  if  the  observer  con- 
nects his  own  apparatus,  it  is  very  easy  indeed,  especially  with  the  com- 
Ijination  potentiometer  of  Section  3  (d),  above,  to  arrange  a  double  po- 
tentiometer as  efficient  as  the  best.  The  master  switch  and  accessories, 
made  up  of  various  knife  switches,  are  shown  as  connected  to  a  combina- 
tion potentiometer  in  Fig.  1 1 .  The  arrangement  for  reading  by  galvanom- 
eter deflection  alone  is  also  provided  here,  by  means  of  the  single  switch 
in  the  middle. 

The  eliminating  and  potentiometer-cut-out  switches  E  and  D  are  exactly  as  in 
Fig.  8,  except  that  E  handles  2  batteries,  but  in  place  of  the  simple  potentiometer  of 
Pig.  8  occurs  the  master  switch  M,  leading  to  the  combination  potentiometer  P.  M, 
when  thrown,  exchanges  the  upper  dial  switches  in  the  galvanometer  circuit  and  the 
lower  dial  switches  in  their  battery  circuit.  The  battery  circuit  of  the  upper  dials 
and  the  galvanometer  circuit  connection  to  the  lower  dials  remain  unaltered.  Rh 
-are  3  rheostats  for  adjusting  the  two  battery  circuits  and  the  galvanometer  circuit. 
For  simplicity,  the  intermediate  battery  circuit  terminals  I  and  I'  (of  Section  4)  are 
located  as  If  most  of  each  battery  circuit  resistance  were  in  Rh;  the  exact  place  of 
the  connection  in  practice  will  depend  on  the  arrangement  of  the  particular  instrument 
used.  The  other  connections  are  exactly  as  they  might  be  in  any  case,  with  a  com- 
l>ination  potentiometer. 

The  fact  that  a  combination  potentiometer  is  used,  with  two  batteries  to  adjust, 
of  course  makes  the  cadmium  standard  cell  connection  somewhat  different  from  that 
•of  Fig.  10.  Fig.  12  shows  an  arrangement  calling  for  2  ozdinary  2-pole»  2-tlirow  knife 
switches.  It  is,  of  course,  to  be  inserted  at  the  point  marked  "T."  The  leads  at  the 
right  run  to  fixed  resistances  such  as. are  frequently  used,  in  potentiometers  for  the 
standard  cell  adjustment.  j^^%l 

f7)c 


This  particular  arrangement 
IS  appropriate  to  a  special  instru- 
ment, whose  galvanometer  con- 
nection is  intended  to  be  made 
through  the  switches  D*,  E,  and 
M,  with  either  a  key,  or  a  switch 
like  that  of  Section  4  (b)  in  the 
drcuit  near  the  galvanometer. 

A  simple  system  for  operat- 
ing the  switches  D,  M,  H,  K, 
etc.,    is    to   have    the    thermo- 


tTo  potentiometer 


potentiometer 


To  switcl 
D&E 

Fig.  12. — Cadmium  cell  switches  for  combinatkm 

potentiometer  of  Fig.  11.    Inserted  at  T. 


element  switches  at  the  right-hand  end  of  the  line  thrown  forward  and  back  in  unison 
with  M,  according  to  the  method  illustrated  in  Fig.  9,  and  the  switches  at  the  left 

*  Described  and  discussed  in  Z.  Instr.,  34,  73-78  (1914)  (Loc.  cit.).  First  pro- 
posed, Ibid.,  37,  218  (1907).  Triple  potentiometers  are  of  course  possible,  but  the 
advantages  decrease  relatively,  and  the  difficulties  increase,  as  the  number  of  sets  of 
switches  increases. 

•  Z.  Instr.,  34,  XIX-142  (Loc.  cit.). 
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similarly  thrown  forward  with  D,  and  also  thrown  back  while  D  comes  forward,  using- 
this  last,  less  rapid  combination  for  the  least  frequent  readings. 

The  arrangement  of  switches  as  shown  here  will  be  from  20  to  30  cm.  wide  if  "15 
ampere"  knife  switches  of  stock  type  are  used.  Its  depth  will  depend  on  the  number 
of  switches  added  to  those  shown  here,  and -therefore  on  thie  number  of  thermoelements 
provided  for.  If  pull  rods  are  used,  as  in  Fig.  9,  a  relatively  large  nimiber  of  switches 
can  easily  be  accommodated  by  putting  them  beyond  those  shown  in  the  figure.  A 
considerable  extension  of  the  switchboard  in  the  direction  away  from  the  operator  is  not 
objectionable.  There  is,  therefore,  as  far  as  table  space  is  concerned,  no  difficulty  in 
providing  for  as  many  thermoelements  as  any  one  is  likely  to  use. 

Every  essential  connection  and  piece  of  apparatus  has  been  here  indi- 
cated. It  therefore  appears  that  the  advantages  of  the  double  potentiom- 
eter can  be  obtained  practiqally  at  the  cost  of  a  few  knife  switches,  for 
the  extra  dial  switches  can  be  provided  at  negUgible  cost  in  several  ways.^ 
If  a  combination  potentiometer  is  made  on  special  order,  a  duplicate  set 
of  regular  dials  will  also  cost  comparatively  little. 

The  master  switch  here  illustrated  is,  of  course,  readily  apphcable  to  any 
potentiometer  whose  switches  do  not  need  to  maintain  a  very  low  contact 
resistance,  but  not  as  readily  to  any  other.  At  present  no  such  potentiom- 
eter is  regularly  made  which  is  also  suited  for  thermoelectric  work, 
hence  a  special  instrument,  and  preferably,  for  reasons  given  in  Section  4,. 
a  combination  potentiometer,  affords  the  best  means  of  realizing  a  double 
potentiometer.  This,  however,  may  be  only  a  temporary  situation. 
Meanwhile,  those  who  need  only  a  single  potentiometer  will  generally 
find  the  Diesselhorst  type  satisfactory;  those  who  need  either  a  double 
potentiometer  or  special  immunity  from  contact  resistance  error  can  have 
both,  at  no  great  expense,  by  means  of  a  special  instrument  of  the  com- 
bination type. 

7.  The  Number  of  Dials  Required. 

If  the  galvanometer  deflection  is  utilized,  three  dials,  with  a  maximtun  range  of 
10,000  microvolts  (as  in  some  of  the  newer  Diesselhorst- Wolff  potentiometers),  are 
quite  sufficient  for  calorimetry.  They  permit  reading  to  o.x  microvolt,  and  up  to  a 
10**  interval  with  a  24-couple  thermoelement.  For  larger  temperature  intervals  a 
part  of  the  thermoelement  can  be  used,  and  though  the  precision  is  then  less  absolutely^ 
it  will  still  be  of  the  order  of  i  in  50,000. 

For  high  temperature  work,  even  with  a  single  couple,  readings  above  10,000 
microvolts  but  below  20,000  are  usually  needed.  They  can  be  provided  for  with  three 
dials  by  doubling  the  current,  but  the  absolute  precision  is  then  reduced  to  0.2  micro- 
volt. (The  double  range  can  be  obtained  by  putting  two  standard  cells,  in  series,  in 
place  of  one  in  an  instrument  intended  for  the  single  range,  or  it  can  be  provided  for 
in  the  original  construction  by  the  insertion  of  a  suitable  coil.) 

Voltages  above  20,000  are  sometimes  desirable.  A  four-coil  instrument  with 
range  of  100,000  microvolts  will  provide  for  them,  and  with  a  somewhat  lower  range 

^  One  method  which  we  have  had  in  use  for  five  years  is  to  screw,  to  the  regular 
dial  contact  blocks,  tongues  of  sheet  copper  0.5  mm.  thick  and  make  contact  with  these 
by  clamps  like  Fig.  2  of  the  previous  paper.  The  relative  slowness  of  this  kind  of  a 
dial  has  proved  to  be  but  a  trifling  disadvantage  in  a  douUe  potentiometer. 
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(30,000  to  50,000)  and  a  sufficiently  sensitive  galvanometer  will,  at  the  same  time,  give 
an  absolute  precision  in  reading  of  better  than  o.i  microvolt,  which  may  be  helpful 
in  some  cases. 

8.  Intrinsic  Merits  of  the  Thennoelement-Potentiometer  Combination. 

In  view  of  the  amount  of  detail  contained  in  this  and  the  preceding  paper, 
the  cinsory  reader  would  scarcely  be  at  fault  if  he  shotdd  get  the  impression 
that  thermoelectric  apparatus  is  elaborate  and  complicated,  and  its  use 
beset  by  pitfalls  and  precautions.  It  therefore  seems  worth  while  to  show, 
briefly,  that  the  exact  opposite  is  the  case.  The  only  essentials  peculiar 
to  this  system  are,  as  already  stated,  a  galvanometer  sensitiveness  readily 
attainable,  potentiometer  excellences  which  are  admirably  embodied  in 
two  very  low-priced  designs,  and  a  common  copper  knife  switch^ 
arranged  as  an  eUminating  switch  with  neutral  leads.  The  amount 
of  detail  presented  is  due,  first,  to  the  attempt  to  give  what  are  practically 
working  directions  in  a  generally  unfamiliar  subject,  and  second,  to  the 
presentation  of  arrangements  for  securing  in  the  observations  a  rapidity, 
convenience,  and  comprehensiveness  such  as  are  seldom  even  thought  of 
in  most  other  systems.  The  net  final  effectiveness  attained  can  be  fairly 
weU  seen  by  a  comparison  with  the  calorimetric  resistance  thermometer, 
which  has  come  to  be  widely  recognized  as  an  accurate  and  convenient 
instrument. 

(a)  The  relative  precision  required  in  the  electrical  measurement  is  more 
than  a  htmdred  times  less  with  the  thermoelement. 

(6)  The  thermoelement  is  well  known  to  be  far  less  affected  by  defects 
of  insulation. 

(c)  Parasitic  thermal  electromotive  forces,  the  only  other  noticeable 
soturces  of  error,  require,  for  their  elimination,  an  arrangement  which, 
though  a  Uttle  more  extensive  in  the  case  of  the  thermoelement,  is  quite  as 
rapid  and  effective  in  operation. 

(d)  The  complications  and  errors  arising  from  the  resistance  of  contacts 
and  leads,  so  prominent  with  the  resistance  thermometer,  have  been 
eliminated  with  the  thermoelement. 

(e)  Very  rapid  readings  and  readings  made  at  definite  instants  of  time 
are  more  easily  seciu-ed  with  the  thermoelement  system. 

(/)  The  same  is  true  of  simtdtaneous  readings  of  different  temperatiu-es, 
and  of  concomitant  measurements  of  electrical  energy. 

{g)  The  constancy  or  integrity  of  the  multiple  thermoelement  can  be 
quickly  tested  at  any  time,  without  interrupting  or  distiu-bing  any  de- 
termination that  may  be  in  progress.  A  corresponding  test  with  the  re- 
sistance thermometer  necessitates  placing  it  in  a  carefully  prepared  ice 
bath. 

(h)  No  correction  for  heat  developed,  or  precautions  to  avoid  imdue 
heat  production,  are  necessary  with  the  thermoelement. 
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The  thermoelement  has  the  disadvantage  that  some  body  of  definite 
thermal  condition  must  surround  the  end  not  in  the  calorimeter.  This 
necessity,  which  will  be  considered  in  a  later  paper,  adds  visibly  to  the 
apparatus  required  and  shghtly  to  the  daily  manipulation,  practically  not 
at  all  to  the  chances  of  error.  But  on  the  electrical  side  the  calorimetric 
thermoelement  appears  superior  in  several  respects,  inferior  in  none^  of 
importance. 

Summary  of  this  and  the  Preceding  Article. 

These  two  papers  describe  a  type  of  au3dliary  installation  for  thermo- 
elements which  in  high  temperature  measurement  and  other  work  of 
moderate  precision  is  valuable  for  its  convenience,  quickness,  and  com- 
prehensiveness, and  which  is  also  capable  of  the  very  high  precision  often 
desired  for  calorimetry. 

(i)  When  a  thermoelement  is  used  with  its  two  ends  at  nearly  the  same 
temperature,  a  condition  easily  provided  in  calorimetry,  the  relative  pre- 
cision required  in  the  electrical  measurement  falls  to  a  value  no  greater 
than  that  desired  in  the  temperature  reading,  and  the  most  serious  errors 
ordinarily  afifecting  the  electrical  thermometer  practically  di^ppear. 

(2)  The  absoliUe  electrical  precision  required  is  also  comparatively  low. 
With  a  convenient  and  easily  made  copper-constantan  multiple  thermo- 
element of  24  couples,  0.000 1®  corresponds  to  o.i  microvolt. 

(3)  The  satisfactory  attainment  of  a  precision  of  o.i  microvolt  demands 
two,  and  only  two,  special  electrical  instruments.  The  first  is  an  arrange- 
ment for  ehminating  the  effect  of  parasitic  thermal  electromotive  forces. 
A  common  copper  knife  switch  will  perform  this  service  admirably. 

(4)  The  second  special  requirement  is  an  appropriate  potentiometer,, 
that  is,  one  reliable  to  0.1  microvolt. 

(5)  The  slide  vrire  and  Feussner  potentiometers  of  i  volt  range  or  more 
now  in  common  use  are  not  thus  reliable,  and  are  otherwise  unsuited  for 
thermoelement  work.  Split<ircuit  potentiometers  are  satisfactory  in 
this  and  all  other  important  respects,  and  so  are  combination  potentiometers, 
or  potentiometers  having, two  otherwise  separate,  very  simple  instruments 
in  series  in  the  same  galvanometer  circuit.  A  very  low-priced  split-circuit 
potentiometer  is  on  the  market;  and  the  combination  potentiometer,  on 
account  of  its  mechanical  and  electrical  simpUcity,  is  an  easy  instrument 
to  build  to  order. 

(6)  The  potentiometer  system,  either  with  or  without  the  thermo- 
element, is  especially  suited  to  simultaneous  measurements  of  diflPerent 
and  diflferently  varying  electromotive  forces.  Its  convenience  for  such 
measurements  can  be  increased  by  using  a  few  pieces  of  hard  rubber  sheet 
as  stops  for  the  dial  switches,  and  still  further  increased  by  arranging  a 

^  This  statement  and  some  of  the  discussion  immediately  preceding,  applies,  of 
course,  mainly  to  the  measurement  of  small  temperature  intervals,  as  in  calorimetry. 
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double  potentiometer,  with  duplicate  dials.  One  effective  form  of  double 
potentiometer,  which  employs  a  master  switch,  can  be  arranged  at  the 
cost  of  a  few  knife  switches  and  very  little  labor.  An  especially  suitable 
instrument  to  arrange  in  this  way  is  the  combination  potentiometer,  all 
of  whose  dial  switches  are  single,  and  free  from  contact  resistance  error. 

(7)  Another  convenience  especially  easy  to  obtain  with  the  thermo- 
element-potentiometer system  is  the  power  to  take  the  last  two  figures  of 
any  reading  directly  from  the  galvanometer  scale.  It  increases  speed, 
simplifies  manipulation,  diminishes  errors,  and  gives  calorimetric  data  in 
a  form  specially  convenient  for  fiulher  treatment. 

(8)  For  high  temperature  measurements  and  much  other  thermo- 
element work  not  calorimetric,  though  the  required  precision  may  often 
be  less,  most  of  the  featiu-es  above  described  are  desirable,  especially  the 
facility  for  simultaneous  and  direct  readings. 

GaOPHYSZCAL  LABOKATOmy. 
CaMNKOIS  iNSTrruTlON  OV  WA8HXNOTON. 


[Contribution  prom  nm  Chbmical  Laboratory  op  thb  Stats  University  op 

Kbntucky.] 

A  STUDY  OF  THE  REACTION  OF  ALKALI  SALTS  OF  SULFONIC 

ACmS  WITH  ALKALI  PHENOLATES  BY 

DRY  DISTILLATION. 

By  Bdoak  H.  Noiaau  and  Llotd  C.  Danism. 
Received  June  11.  1914. 

By  analogy  to  the  reaction  of  alkali  sulfonates  with  alkali  hydroxides 
in  the  preparation  of  phenols,  aromatic  ethers  should  result  from  the  dis- 
tillation of  sulfonates  with  phenolates.  Results  confirming  this  idea 
having  been  obtained  with  the  simplest  mixture  of  the  kind,  viz.,  sodium 
benzenesulfonate  and  potassium  phenolate,  a  study  of  the  reaction  was 
tmdertaken  with  a  view  to  determining  whether  it  is  generally  applicable. 
The  trend  of  the  proposed  investigation  is  exhibited  by  the  following 
mixtures  that  have  been  used: 

1.  Sodium  benzenesulfonate  and  potassium  phenolate. 

2.  Potassium  toluenesulfonate  and  sodium  phenolate. 

3.  Sodium  zylenesulfonate  and  potassium  phenolate. 

4.  Sodium  sulfanilate  and  potassium  phenolate. 

5.  Sodium  toluidinesulfonate  and  potassium  phenolate. 

6.  Sodium  a-naphthalenesulfonate  and  potassium  phenolate. 

7.  Sodium  /7-naphthalenesulfonate  and  potassium  phenolate. 

8.  Sodium  benzenesulfonate  and  potassium  thymolate. 

9.  Sodium  benzenesulfonate  and  mono-potassium  resordnate. 
10.  Sodium  benzenesulfonate  and  di-potassium  resorcinate. 
XI.  Sodium  methylsulfonate  and  potassium  phenolate. 

The  problem  was  to  find  what  radicals  might  be  represented  by  R 
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and  R'  in  the  following  general  equation,  and  what  substituent  groups 
might  be  present  in  those  radicals: 

RSOsM  +  MOR'  =  ROR'  +  MjSOs 
The  great  variety  of  possible  mixtures  made  it  impossible  to  cover  the 
whole  field,  but  sufficient  has  been  accomplished  to  show  that  the  reac- 
tion is  quite  general.  But  few  references  could  be  found  in  the  literature 
to  methods  for  making  aryl  ethers  of  phenols  and  some  of  the  methods 
that  have  been  proposed  result  in  rather  poor  yields.  Following  is  a  list 
of  the  methods,  reference  to  which  was  found,  with  comments  on  their 
applicability  and  on  the  yields  where  the  latter  are  stated  in  the  original 
papers: 

I.  Action  of  phenol  on  diazobenzene  sulfate;  W.  Hoffmeister,^  yield, 
very  poor.    Applicable  to  the  preparation  of  mixed  ethers. 

II.  Action  of  anhydrous  zinc  chloride  on  phenols;  Merz  and  Weith;* 
yield,  usually  6-8%.     Not  applicable  to  the  preparation  of  mixed  ethers. 

III.  Distillation  of  aluminium  phenolate;  Gladstone  and  Tribe;'  yield, 
about  half  of  the  phenolate  distilled.  Not  applicable  to  the  preparation 
of  mixed  ethers. 

IV.  Action  of  potassiimi  metaphosphate  on  potassium  phenolate  (dry 
distillation);  H.  von  Niederhauesem ;*  yield,  less  than  i%. 

V.  Action  of  phenol  on  a  diazonium  salt,  phenol  used  to  extract  the 
diazonium  salt  from  solution  before  the  reaction;  R.  Hirsch;'  yield,  50% 
of  the  aniline  used.  This  is  not  a  good  yield  considering  the  large  quantity 
of  phenol  that  must  be  handled. 

VI.  Action  of  halogen  substitution  products  of  aromatic  hydrocar- 
bons on  potassium  phenolates  in  the  presence  of  reduced  copper;  Ullmann 
and  Sponagel  ;•  yields,  very  high.  This  method  was  applied  to  the  prepara- 
tion of  a  great  variety  of  ethers  and  is  the  soiu'ce  of  most  of  the  data  on 
this  class  of  compounds.  It  is  frequently  necessary  to  introduce  halogens 
by  way  of  the  corresponding  amino  compotmds,  however,  and  in  some 
cases  the  corresponding  sulfonic  acids  can  be  made  directly. 

VII.  One  application  of  the  method  here  proposed  was  found  after 
this  investigation  was  undertaken.  A  salt  of  anthraquinone-a-sulfonic 
add  was  distilled  with  potassium  phenolate,  resulting  in  anthraquinone- 
a-phenyl  ether;  R.  E.  Schmidt;'^  no  details  given.  This  same  ether 
has  been  prepared  by  patented  methods.^ 

ififr.,  3,  747  (1869). 

« Ibid.,  14,  187  (1880). 

»  /.  Chem.  Soc.,  41,  T5  (1882). 

*  Ber.,  15,  1 123  (i88x). 

» Ibid.,  23,  3705  (1890)  and  D.  R.  P.  58,001. 

•  Ann.,  350,  83  (1906). 
7  Ber.,  37,  94  (1894). 

«  D.  R.  P.  75^054,  77,818. 
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The  apparatus  used  in  this  work  was  a  flat,  cylindrical  iron  retort, 
15.5  cm.,  interior  diameter,  by  5  cm.  depth.  The  cover  of  the  retort  was 
fastened  down  with  bolts  over  an  asbestos  gasket.  An  iron  pipe,  9  mm. 
in  diameter  by  50  cm.  long,  set  in  the  cover  with  a  street  elbow,  served 
as  the  outlet.  An  AUihn  bulb  condenser  was  used,  since  it  was  fotmd 
that  the  clouds  of  vapor  passed  through  a  Liebig  condenser.  The  appara- 
tus was  gas-tight  so  that  distillations  could  be  made  at  reduced  pressure. 

Experimental. 

Diphenyl  Ether,  CeHeOQHs. — ^An  amotmt  of  solid  potassium  hydroxide, 
equivalent  to  30  g.  of  the  anhydrous  compound,  was  dissolved  in  a  small 
quantity  of  water  and  51  g.  of  phenol  were  added  to  the  solution.  This 
phenolate  solution  and  85  g.  of  sodium,  benzenesulfonate  were  mixed  in 
the  retort.  After  thorough  stirring,  the  mass  presented  the  appearance 
of  a  thin  white  paste.  On  applying  heat,  water  distilled  over  and  was 
followed  by  a  brown  oil  which  was  caught  in  a  separate  receiver.  The 
distillation  was  continued  at  increasing  temperatures  as  long  as  oil  was 
formed. 

The  total  oily  portion  of  the  distillate  was  44  cc.,  which  corresponds 
to  a  yield  of  about  50%  of  the  theoretical.  That  it  contained  phenol 
was  shown  by  A  test  with  ferric  chloride  and  by  its  distilling  at  194. 5- 
196^,  but  little  above  the  boiling  point  of  phenol  and  much  below  that  of 
diphenyl  ether  (245°).  It  is  beUeved,  however,  that  only  a  small  propor- 
tion of  the  product  was  phenol,  because  the  ferric  chloride  test  was  faint, 
and  the  odor  of  the  ether  was  predominant.  The  low  boiling  point  was 
probably  due  to  the  formation  of  a  constant  boiling  mixture.  So  much 
of  the  material  was  lost  in  unsuccessful  attempts  at  finding  a  satisfactory 
method  for  purifying  it  that  no  valid  estimiate  could  be  made  of  the  rela- 
tive amounts  of  substances  present.  Later  in  the  course  of  the  work, 
a  good  method  for  purifying  the  crude  distillates  was  fotmd  and  this  method 
was  used  in  the  cotu-se  of  a  detailed  study  of  the  best  conditions  for  the 
preparation  of  diphenyl  ether  by  this  method.  The  results  of  this  study 
will  be  stated  at  this  point,  though  the  experiments  were  made  last  in 
the  course  of  the  work. 

The  variations  in  conditions  used  were,  distillation  of  a  mixture  of  pre- 
viously dried  reagents,  the  addition  of  varying  quantities  of  water  to  the 
mixture  of  dried  reagents  before  distilling,  the  addition  of  iron  filings  to 
the  mixture  before  distilling,  and  distilling  at  atmospheric  and  at  reduced 
pressures.  Several  combinations  of  these  different  conditions  were  used, 
with  the  final  decision  in  favor  of  preparing  the  phenolate  just  before 
using  it  and  adding  the  sulfonate  in  the  presence  of  enough  water  to  keep 
the  whole  mass  in  solution.  The  use  of  iron  filings  apparently  made  no 
difference  in  the  yield,  indicating  that  the  mixture  was  tmiformly  heated 
through  and  that  probably  the  iron  caused  no  reduction  of  the  materials. 
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That  the  yield  was  increased  by  using  considerable  quantities  of  water 
in  the  mixture,  indicates  that  in  this  way  a  better  admixture  of  matfflals 
was  obtained,  either  by  reason  of  the  evaporation  of  the  solution  of  the 
mixed  materials  or  by  reason  of  one  or  both  of  the  materials  retaining 
water  of  hydration  and  remaining  fused  at  the  temperature  at  which  the 
reaction  begins.  The  pressure  at  which  the  distillations  were  made,  made 
no  difference  in  the  yield. 

The  best  yields  obtained  were  dose  to  50%  of  the  theoretical  as  crude 
product,  and,  of  this,  never  less  than  75%  was  obtained  as  pure  ether. 

The  reason  for  using  mixtures  of  sodium  and  potassium  compounds 
instead  of  using  both  compotmds  as  sodium  or  both  as  potassium  salts, 
was  that  a  mixture  of  lower  melting  point,  and,  therefore,  of  greater  re- 
activity at  low  temperatures  was  expected  to  result  in  this  way.  A  trial 
with  sodium  phenolate  substituted  for  potassium  phenolate  seemed  to 
confirm  this  idea  both  in  point  of  temperature  necessary  to  bring  about 
the  reaction  and  in  point  of  yield.  In  all  other  experiments,  the  mixed 
salts  were  used. 

TolyUp'phenyl  Ether,  CHsCeEUOCeHc. — Fifty-two  grams  of  potassium 
p-toluenesulfonate  and  29  g.  of  sodium  phenolate^  were  intimately  mixed 
with  one-third  their  bulk  of  iron  filings  and  slowly  distilled  under  reduced 
pressure.  The  crude  product  was  a  reddish  brown  oil  with  a  slight  green 
fluocescence.  Yield,  49.7%.  This  was  lost  in  the  course  of  attempts 
to  find  a  convenient  method  of  purification  and  another  distillation  was 
made  from  42  g.  of  the  sulfonate  and  23  g.  of  the  phenolate.  This  was 
purified  by  steam  distillation  of  the  mixture  with  an  excess  of  caustic 
potash  solution  and  extraction  of  the  distillate  with  ether.  After  drying 
the  ether  solution,  it  was  distilled,  yielding  a  colorless  oil  of  a  pleasant 
odor  similar  to  that  of  diphenyl  ether,  boiling  at  265^  at  737.6  mm.  Of 
^^  5^  •  7%  of  crude  product  obtained  in  the  second  distillation,  only  one- 
fifth  was  obtained  as  the  pure  ether.  There  is  no  doubt  that  more  of  it 
was  present,  but  it  distils  so  slowly  with  steam  that  enormous  quantities 
of  distillate  had  to  be  caught  to  get  the  quantity  stated.  If  the  method  of 
purification  worked  out  in  the  cotu-se  of  the  next  experiment  had  been 
known,  no  doubt  much  more  could  have  been  obtained  as  pure  product. 

{i,2)'Xylyl'p'phenyl  Ether,  (CH3)2C«H|OC«H5.— One  hundred  and  four 
grams  of  sodium  xylenesulfonate  (1,2,4)  ^^^  ^  g-  of  potassium  phenolate 
were  distilled  under  reduced  pressure.  The  crude  product,  a  reddish 
brown,  fluorescent  oil,  represented  a  yield  of  20%.  In  subsequent  dis- 
tillations, the  3rield  was  50%. 

Up  to  this  point  in  the  work,  the  only  method  for  purifying  the  products 

^  For  this  and  most  of  the  subsequent  experiments,  the  phenolate  used  was  pre- 
pared in  bulk,  dried,  and  kept  in  a  tightly  stoppered  botde.  The  sulfonates  were  also 
thoroughly  dried.    Both  were  finely  pulverized  before  being  used. 
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that  could  be  depended  on,  was  to  distil  with  steam  from  a  mixture  with  a 
solution  with  caustic  potash  in  excess.  The  pure  substances  distilled  very 
slowly  with  steam,  as  has  been  mentioned,  and  the  distillate  was  in  the 
form  of  emulsions  that  would  not  settle.  This  necessitated  extraction 
with  large  quantities  of  ether.  Several  attempts  to  find  simpler  methods 
for  purification  had  resulted  in  failure  and  loss  of  material,  when  a  very 
satisfactory  method  was  fotmd  while  working  with  this  ether.  The  crude 
product  was  warmed  with  solid  potassium  hydroxide  (83%  KOH)  and  the 
mixture  was  distilled  under  reduced  presstu^  in  a  Bendix  distilling  flask. 
The  small  amount  of  water  present  distilled  over  at  very  low  tempera- 
ture and  was  easily  removed  completely  from  the  receiver.  The  ether 
then  distilled  at  constant  temperature. 

The  purified  product  was  a  nearly  colorless  oil,  boiling  at  104-105** 
(cor.)  at  49.4  mm.  It  soon  solidified  into  short,  colorless  needles,  melting 
at  35-37  **.  Yield,  over  75%  of  the  crude  product.  The  ether  had  a  pleas- 
ant odor,  resembling  that  of  diphenyl  ether  mixed  with  a  little  xylene. 
No  reference  could  be  found  in  the  literature  to  any  previous  prepara- 
tion of  this  ether,  so  it  was  analyzed  with  the  following  results: 

Calc.  for  C14H14O:  H  «  7.02,  C  =  84.89.    Found:  7.50,  7.35,  7.1 1,  and  84.89, 

p-AmifUhdiphenyl  Ether,  HiNC«H4C)C6H6. — Ninety-seven  and  one- 
half  grams  of  sodium  sulfanilate  and  66  g.  of  potassium  phenolate, 
mixed  with  one-third  their  total  bulk  of  iron  filings,  were  distilled  under 
reduced  pressure.  The  crude  product,  a  reddish  brown  oil,  was  distilled 
from  mixture  with  solid  caustic  tmder  reduced  pressure  in  a  Bendix  flask. 
The  pure  product  was  a  pale  yellow  oil  which  soon  changed  into  beautiful 
white,  shining  flakes.  This  product,  amounting  to  33%  (pure)  of  the 
theoretical,  melts  at  33-34**  and  boils  at  84°  tmder  a  pressure  of  15.5 
nun. 

o-Aminotolyl'p-phenyl  Ether,  CHi(NHf)C«H,0C«H6.— Fifty-two  grams 
of  sodium  toluidinesulfonate  (1,2,5)  and  33  g.  of  potassium  phenolate, 
with  one-third  their  total  bulk  of  iron  filings,  were  distilled  under  re- 
duced pressure.  The  crude  product  amounted  to  a  yield  of  57%  of  the 
theoretical.  It  was  purified  as  were  xylylphenyl  ether  and  amino-di- 
phenyl  ether,  yielding  a  pale  yellow  oil  amounting  to  about  half  the  crude 
matmal.  Boiling  point,  102-104**  at  67.4  mm.  Unlike  the  amino- 
diphenyl  ether,  it  did  not  solidify  on  standing,  but  darkens  in  the  light. 
It  has  an  odor  similar  to  that  of  aniline,  but  not  quite  so  disagreeable, 
when  freshly  distilled,  and  takes  on  a  phenol-like  odor  on  standing.  No 
reference  to  the  preparation  of  this  compound  could  be  found  in  the 
literature,  so  its  nitrogen  content  was  determined  by  the  Kjeldahl  method. 
Calc.  for  CitHisON:  N  «  7.02.    Found:  7.18  and  7.22. 

This  was  considered  sufiident  analytical  data  to  establish  its  probable 
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f  onnula,  since  there  was  no  apparent  difiPerence  in  the  course  of  its  prepara- 
tion and  that  of  its  lower  homolog  just  described,  and  the  melting  point 
of  the  simpler  compound  was  as  given  in  the  literature. 

Thymyl-phenyl  Ether,  CH«(C8H7)C6HsOC6H8. — ^An  amotmt  of  potassium 
hydroxide  equivalent  to  14  g.  of  the  anhydrous  compound,  37.5  g.  of 
th3rmol,  and  45  g.  of  sodium  benzenesulfonate  were  dissolved  together  in 
a  small  quantity  of  water  and  distilled.  The  water  distilled  oS  first, 
and  was  followed  by  a  yellowish  brown  oil.  This  latter  was  redistilled 
as  usual  and  the  resultant  colorless  oil  had  a  strong  odor  like  that  of  th3rmol 
with  a  faint  modification  toward  that  of  diphenyl  ether.  Its  boiling 
point  was  fotmd  somewhat  lower  than  that  given  for  this  compound  by 
Ullman  and  Sponagel,^  289®  as  compared  to  297**,  but  it  all  distilled  within 
a  degree. 

It  was  suggested  that  the  identification  of  this  compotmd  as  thymyl- 
phenyl  ether  was  not  complete  in  view  of  its  low  boiling  point.  The 
quantity  of  it  formed  was  too  small  to  permit  of  further  experiments  with 
it,  so  the  experiment  was  repeated,  with  the  difference  that  it  was  purified 
by  distillation  with  steam,  extraction  of  the  steam  distillate  with  ether^ 
and  distillation  of  the  residue  after  removal  of  the  ether.  The  residue 
from  the  ether  solution  amotmted  to  nearly  10  cc.,  of  which  6  cc.  distilled 
below  290^  (only  two  or  three  drops  came  over  below  287®)  and  the  re- 
mainder came  over  between  294°  and  295^,  leaving  a  slight  b^own  stain 
in  the  distilling  bulb.  The  color  of  the  distillate,  however,  was  much 
darker  than  that  of  the  residue  from  the  ether  and  its  odor  was  much 
sharper. 

If  thymyl-phenyl  ether  is  formed  by  the  reaction,  it  is  decomposed  by 
the  high  temperature,  and  the  quantity  obtained  is  too  small  to  admit 
of  clear  ident^cation. 

Anisole,  CH«0C«H8. — ^An  amount  of  potassium  hydroxide  equivalent 
to  14.3  of  the  anhydrous  compound  and  23 .5  g.  of  phenol  were  dissolved 
together  in  the  retort  and  29  g,  of  sodium  methylsulfonate  were  added. 
The  sulfonate  used  was  prepared  by  the  method  given  in  German  patent 
No.  55,007.*  The  behavior  during  distillation  dififered,  in  this  case, 
from  the  others  only  in  that  a  larger  part  of  the  oil  came  over  with  the 
aqueous  portion  of  the  distillate.  The  crude  product  had  a  pronounced 
odor  of  anisole  and  measured  up  to  a  )rield  of  100%  of  the  theoretical. 
It  was  purified  by  distillation  with  steam  from  caustic  mixture — ^the  oil 
separating  readily  from  the  water.  After  drying  with  calcium  chloride, 
the  ether  was  distilled  and  found  to  come  over  completely  between  the 
temperatures  149-152°.  The  yield  of  pure  anisde  (volume  of  the  oil 
separated  from  the  steam  distillate)  was  55%. 
^  Loc,  cit. 

'  Lessar-Cohn,   Arbeitsmethoden  fUr  Organisch-Chemiscke  Lahoratorien,  4U  Aufi, 
spat.  Tl.,  p.  1324. 
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Attempts  were  made  to  prepare  the  mono-  and  diphenyl  ethers  of  re- 
sorcin  and  the  phenyl  ethers  of  a-  and  /3-naphthols.  The  work  is  as  yet 
incomplete. 

Summary. 

1.  Dry  distillation  of  alkali  salts  of  sulfonic  acids  with  alkaU  phenolates 
is  a  convenient  method  for  the  preparation  of  aryl  ethers  of  phenols. 
Though  the  yields  are  considerably  less  than  those  obtained  by  the  method 
of  Ullman  and  Sponagel,  the  compounds  used  can,  in  some  cases,  be  more 
directly  prepared. 

2.  The  reaction  probably  proceeds  according  to  the  equation: 

RSO,M  +  R'OM  =  R'OR  +  MjSOs, 
in  which  equation,  the  symbol  R  may  represent  the  phenyl  radical  and  its 
homologs,  provided  no  long  side-chain  is  present,  or  a  methyl  group. 
The  symbol  R'  represents  a  phenyl  radical  or  an  aminophenyl  radical. 
The  presence  of  a  long  side-chain  in  this  radical  interferes  with  the  reac- 
tion's proceeding  normally  or  causes  decomposition  of  the  product. 
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RESEARCHES  ON  PYRIMIDINES.   LZXH.   THE  SYNTHESIS  OF 

4-HEXYLURACIL  AND  ITS  RELATIONSHIP  TO 

URACIL-GLUCOSIDE. 

By  Ta«AT  B.  Jornson. 
Recetvad  June  26,  1914. 

CONTENTS.— I.   Pyrimidine-Nudeosides:   The  Structure  of  Uridiae.     2.   The 
Synthesis  of  Normal  4-Hexyluracil.     3.  Experimental  Part. 

I.  Pyrimidine-Nucleosides:  The  Structure  of  Uridine. 
The  elucidation  of  the  structiu'e  of  nucleic  adds  obviously  involves 
the  determination  of  the  constitution  of  nucleosides.  The  latter  are  char- 
acteristic piu-ine-carbohydrate  and  pyrimidine-carbohydrate  combina- 
tions, which  result  by  partial  hydrolysis  of  these  naturally  occiuring  acids. 
We  have  practically  no  knowledge  regarding  the  nature  of  the  carbo- 
hydrate Unkings  in  these  compotmds,  and,  consequently,  we  are  unable 
to  express  structually  their  exact  constitution.  One  important  fact, 
however,  seems  to  have  been  very  definitely  established  by  the  results 
aheady  obtained,  namely,  that  the  two  nitrogen  cycles — ^the  purines  and 
pyrimidines — are  not  joined  to  the  carbohydrates  in  a  similar  manner. 
The  experimental  data,  thus  far  obtained,  suggest  that  the  sugar,  in  the 
case  of  the  purine-nucleosides,  is  very  probably  linked  to  the  purine  at 
a  nitrogen  atom  occupying  either  the  7-  or  the  9-position  of  the  purine 
ring.  Such  hexose  combinations  have  recently  been  synthesized  by  Emil 
Fischer^  and  it  is  interesting  to  note  that  his  sjrnthetical  glucosides  agree 
^  Piacfaer  and  Helferich,  Ber,,  47,  210  (1914). 
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very  closely,  in  chemical  behavior,  with  that  of  the  naturally  occurring- 
purine-nucleosides.  This  investigator  has  not  established,  however, 
whether  the  carbohydrate  is  joined,  in  his  synthetical  products,  to  the 
purine  ring  at  positions  7  or  9. 

Whether  the  pyriihidines — ^uracil,  thymine  and  cytosine — are  linked  to 
carbohydrates,  in  p3nimidine-nucleosides,  through  one  of  the  nitrogen 
atoms  in  positions  i  and  3  of  the  ring  is  indeed  questionable.  Siu-ely  the 
remarkable  stability  of  the  natiu-al  nucleosides  towards  hydrolytic  agents 
does  not  support  such  an  assumption.  It  has  been  otu*  experience  in  this 
laboratory  that  such  glucosidic  combinations,  as  are  represented  by  the 
general  formulas  (I  and  II),  are  very  unstable  and  easily  undergo  hydrolysis 

HO 

I 
'  R— CH.N CO  NH— CO 

II  II 

CO    CH  HO     CO     CH 

I        II                            I       I         II 
NH— CH  R— CH.N CH 

(I)  (11) 

in  the  presence  of  adds,  and  even  boiling  water,  giving  the  original  pyrimi- 
dine.  Several  combinations  of  these  types  have  been  synthesized  by  us, 
but,  in  no  case  which  has  thus  far  been  carefully  examined  have  we 
obtained  a  stable  compotmd.  These  observations  have  recently  been  con- 
firmed by  the  results  obtained  by  Fischer^  in  his  investigations  on  pyrimi- 
dine-glucosides.  It  seems  safe  to  assume,  however,  if  a  nitrogen-carbon 
linkage  is  fotmd  to  be  present,  that  the  combination  which  involves  the 
nitrogen  atom  in  position  3,  as  represented  by  Formula  II,  will  be  found 
to  be  the  most  resistent  to  the  action  of  hydrolytic  agents.  Whether 
the  higher,  synthetical,  glucosidic  combinations  of  this  type  will  approach 
in  stability  that  of  the  pyrimidine-nucleosides  remains  to  be  established* 
The  early  observation  that  pyrimidine-combinations  corresponding  to 
Formulas  I  and  II  easily  break  down  on  hydrolysis  with  add,  and  the 
interesting  condusion  of  Levene  and  La  Forge'  that  the  constitutions 
of  cytidine  and  uridine  are  possibly  to  be  expressed  by  Formulas  III  and 
IV,  respectively,  led  us  to  turn  our  attention  to  the  study  of  simple  pyrimi- 

N  =  C.NH,  NH— CO 

II  II 

CO     CH  CO     CH 

I      II  ( o ,  I      II  , o , 

NH— C.CH.CHOH.CHOH.CH.CH,OH        NH— C.CH.CHOH.CHOH.CH.CH1OH 
(III)  (IV) 

I  Ber.,  47,  1377  (1914)- 
*  Ibid,,  45,  608  (19"). 
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OH 

I 

dine-nucleosides  containing  the  glucosidic  union  R.CH —  in  the  4-position 
of  the  p)nimidine  ring.  No  representative  of  this  class  of  pyrimidines 
had  been  described  in  the  literature  previous  to  our  investigations.  This 
work  has  proved  very  fruitful  from  a  synthetical  standpoint.  A  method 
of  synthesizing  p3rrimidines  of  this  type  has  now  been  developed  which  has 
enabled  us  to  obtain  the  simplest  nucleosides  of  thymine  (V)  and  uracil 
(VI).  A  description  of  these  interesting  compotmds  has  been  recorded 
in  papers  from  this  laboratory.^  The  S3mthesis  and  properties  of  a  higher 
homolog  of  tu-acil-nudeoside  (VI)  will  be  discussed  in  a  future  publica- 
tion. 

NH— CO  NH— CO 

II  II 

CO      C.CH,  CO      CH 

I  II  I  II 

NH—CCHiOH  NH— C.CH,OH 

(V)  (VI) 

Otu-  method  of  establishing  the  constitution  of  these  two  synthetical 
nucleosides  (V  and  VI)  was  to  subject  them  to  the  action  of  strong  hydriodic 
add,  when  they  underwent  reduction  smoothly  giving  4,5-dimethyluradl 
{VII)   and  4-methylimicil*   (VIII),   respectivdy.    ITie   success  ot  this 

NH— CO  NH— CO 

II  II 

CO     C.CH.  CO     CH 

I        II  I         II 

NH— C.CH,  NH— C.CH, 

(VII)  (VIII) 

method  of  identifying  hydroxylated  derivatives  of  this  type  is  dependent 
essentially  upon  two  facts,  firstly,  that  the  double  bond  in  tu'adl  com- 
pounds is  not  destroyed  by  digestion  with  hydriodic  add,  and  secondly, 
that  the  4-alkyl  substituted  uracils,  so  far  as  examined,  possess  such  char- 
acteristic properties  that  they  can  be  easily  identified,  even  when  working 
with  small  amotmts  of  material.  Whether  the  higher  homologs  of 
these  two  nucleosides  will  be  found  to  interact  normally  with  hydriodic 
add  remains  to  be  established,  but  it  is  certain  from  what  is  already  known 
that  it  should  be  possible  theoretically  to  accomplish  such  changes.  A 
knowledge  of  the  properties,  of  the  higher  homologs  of  4-methyliu'acil 
and  the  corresponding  thyniine  compotmds  is,  therefore,  very  essential. 
I  find  no  record,  in  the  papers  of  other  investigators,  that  any  attempts 
have  been  made  to  reduce  uridine  (IV)  or  cytidine  (III)  with  hydriodic 
1  Johnson  and  Chemoff,  /.  Biol.  Chem.,  14,  307  (1913);  This  Journai«,  as,  585 
{i9i3);36,  1742  (1914)- 

'  Johnaon  and  Chemo£F,  loc.  cit. 
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acid.  Reduction  of  uridine  in  the  presence  of  palladitun^  leads  to  the  forma- 
tion of  the  corresponding  hexahydro  derivative  with  destruction  of  the 
double  bond  between  the  carbons  in  positions  4  and  5  of  the  pyrimidine 
ring.  According  to  Formula  (IX)  uridine  is  a  monosubstitution  product 
of  the  alcohol  xylite,  CrHuOs  (X),  while  the  relationship  between  Levene's 
formula  for  uridine,  and  that  of  isosaccharic  add  is  apparent  by  inspection 
of  their  respective  formulas  (IV  and  XI).  Theoretically  then,  there  is 
no  reason  to  assume  that  these  related  compotmds  should  tmdergo  re- 
duction otherwise  than  in  an  analogous  manner,  giving  their  corresponding 
alkyl  derivatives.  Bertrand*  has  shown  that  xylite  is  transformed  into 
iodopentane,  CHj.CHl.CHj.CHj.CHs,  by  reduction  with  hydriodic.acid» 
while  isosaccharic  add  (XI),  which  is  prepared  from  chitosamine,  by 
oxidation  with  nitric  add,  and  also  from  diitine,'  is  reduced  to  adipic  add 
(XII),  when  heated  with  hydriodic  add  at  140-150°.  The  reduction, 
therefore,  of  a  pyrimidine  having  either  the  constitution  IV  or  IX  to 
4-pentyluracil  (XIII)  would  be  a  perfectly  normal  reaction.    The  forma- 

NH— CO 

I    I 
CO  CH  OH  OH  OH  OH  OH  OH  OH  OH  OH  OH 

I    II   I   I   I   I   I  I    II   I   h 

NH— C  .  CH.CH.CH.CH.CH,  CH,.CH.CH  CH.CH, 

I  (X) 


(IX) 


NH— CO 

I    I 
CO  CH 


CH..CH,.CH,.CH,.CHt 


NH— C— CH,.CH,.CH,.CH2.CH. 
^  (XIII) 

NH— CO         / 

I     '  / 

CO  C      / 

I   II  r'O-n  r-o-n 

NH— C— CH     CH.CHjOH  HOOC.CH     CHCOOH 

'II  II 

HOCH— CHOH  HOCH— CHOH 

(IV)  /  (XI) 

HOOC.CH,.CH,.CH,.CH,.COOH 

(XII)         . 

tion  of  this  alkylated  tu'adl  from  uridine  would  estabUsh,  beyond  doubt,, 
the  correctness  of  Levene's  Formula  (IV).    An  investigation  dealing  with 

*  Levene  and.La  Forge,  loc.  cU. 

*  Bull.  soc.  chim,,  [3]  5,  556,  740  (1891). 

*  Txemaim  and  Haarmann.  Ber.,  17,  246  (1884);  19,  1257  (1886);  Tkmann,  Ber.^ 
27,118  (1894). 
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the  synthesis  of  this  unknown  uracil  derivative  (XIII),  is  now  in  progress 
in  this  laboratory.  In  the  following  chapter  of  this  paper  is  given  a  de- 
scription of  the  synthesis  and  properties  of  the  next  higher  homolog  of 
4-pentyluracil,  namely,  4-hexyluracil  (XV),  which  would  be  the  reduction 
product  of  a  corresponding  hexose  uracil-nucleoside  represented  by  Formula 
XIV. 

NH— CO 

I         I 
CO     CH 

I       II    I 0 r 

NH— C— CH.CHOH.CHOH.CH.CHOH.CH,OH 
l(XIV) 

NH— CO 

I  I 

CO     CH 

I         II 
NH— C.CH,.CHt.CHt.CHt.CH,.CH, 

(XV) 

In  Table  I,  below,  is  listed  a  series  of  some  higher  polyatomic  alcohols 
and  their  oxidation  products,  which  have  been  shown  to  tmdergo  reduction 
normally  with  hydriodic  acid. 

Tabls  I. 
Hydroxyl  DenoaUoe.  Reduction  Product. 

XyUte,»  HOCHt(CHOH),.CH,OH  — ►  CH,.CHl,.CHt.CH,.CH, 

Stjrradte,*  C<HuO»  — >  hexyliodide 

Mannite.'  HO.QH,(CHOH)«.CH,OH  — >  hexyUodide 

Sorbite  C«Hi406  — ►  hexyliodide 

Mannoheptite,*  CtHwO?  >  heptyliodide 

Rhamnonic  add,*  CHi(CHOH)4COOH  — ►►  caproic  add 

/-Mannonic  add/  HOCHi(CHOH)4COOH  — >  caproic  add 

^-Galactonic  add*  — >  Lcurtone  of  caproic  add 

a-Rhamnohexonic  add.*  CHi(CHOH)iCOOH  — ►  heptylic  add 

a-Glucoheptonic  add,"  HOCHt(CHOH)iCOOH  — >  heptyHc  add 

^i-Mannoheptonic  add**  — >■  heptylic  acid 

*  Bertrand,  loc.  cit. 

*  Ashina,  Chem,  ZetUr.,  1907,  II,  1431;  1909,  II,  548;  Ber.,  45,  2363  (1912). 
*Ericnmeyer  and  Wanklyn,  Ann.,  in,  247  (1859);  Hecht,  Ber,,  11,  1420,  1152 

(1878);  Schorlemmer,  Ann.,  199,  141  (1879). 

*  Vincent  and  Delachanal,  Compt.  rend.,  108, 354  (1889);  in,  51  (1980);  Hitzemann 
and  ToUens,  Ber.,  22,  1048  (1889). 

*Maquenne,  BuU.  soc.  ckim.,  [2]  50,  132,  548  (1888);  Ann.  chim.  phys.,  [6]  19,  5 
<i89o). 

•Will  and  Peters,  Ber.,  21,  1813  (1888);  22,  1704  (1889). 
'  Kiliani,  Ber.,  20,  339  (1887);  19,  3034  (i886). 

*  Kiliani,  loc.  cit, 

•Fischer  and  Tafd,  Ber.,  21,  2175  (1888). 
t«  Kiliani,  Ber.,  19, 1128  (1886). 
^*  Fischer  and  Hartmann,  Ber.,  22,  372  (1889). 
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Tabl9  I  (conHnued), 
Hydroxyl  DerivaUve.  Reduction  Product, 

OH 

I 
Laevuloheptomcacid,>HOCH,(CHOH)|.C— CHfOH  — ►  a-methylhexylic  acid 

! 

COOH 

Saccharic  add,'  HOOC.(CHOH)4COOH  — ►  adipic  add 

Mudc  add/  HOOC(CHOH)«CC)OH  — ►  adipic  add 

Isosaccharic  add^  >  adipic  add 

2.  The  Synthesis  of  Normal  4-Hez7luracil. 

It  is  31  years  since  the  publication  of  Behrend's  classic  paper  entitled: 
"tJber  die  Einwirkung  von  Hamstoff  auf  Acetessig&ther  (Vorllufige 
Mittheilung),"*  and  27  years  since  List*  showed  that  2-thiouracil  is  formed 
by  condensation  of  ethyl  acetoacetate  with  thiourea.  Since  the  appearance 
of  these  papers  a  great  number  of  derivatives  of  ethyl  acetoacetate  have 
been  shown  to  undergo  condensation  with  lu-ea  compounds  forming  pyrimi- 
dines,  but,  notwithstanding  this  activity,  no  one  has  shown,  thus  far^ 
that  the  higher  homologs  of  ethyl  acetoacetate  (Table  II)  functionate 

Tabls  II. 
Ethyl  propionylacetate,    C|I|CH,COCHtCOOC»Hi 
Ethyl  butyrylacetate,       CHtCHtCHtCOCHjCOOCjH* 
Ethyl  valerianylacetate,   CHi.CHjCHtCHjCOCHtCOOCjHj 
Etc. 

normally  and  condense  with  tu-ea  and  thiotu-ea,  giving  the  corresponding 
4-alkyl  derivatives  of  uracil  and  thiouracil,  respectively.  We  have  no 
knowledge  of  the  higher  homologs  of  4-methyliu'acil  or  2-thio-4-methyl- 
uracil.  In  fact,  no  representative  of  the  two  homologous  series  of  pjrrimi- 
dines,  represented  in  Table  III  below,  have  been  described  in  the  Uterature 
except  the  4-methyl  derivatives.  The  other  members  of  these  two  series 
which  are  now  of  immediate  biochemical  interest,  are  the  lower  repre- 
sentatives, and  especially  the  4-pentyl  and  4-hexyl  derivatives  of  uracil,, 
which  may  be  considered  as  the  reduction  products  of  the  corresponding 
pentose  and  hexose  glucosides  of  this  pjrrimidine. 

The  starting  point  in  oiu*  synthesis  of  4-hexyluracil  (XV)  was  the  /S- 
ketone  ester  ethyl  heptylylacetate  (XVI),  which  is  now  easily  obtainable,, 
if  ethyl  heptylate  is  available,  by  condensation  of  this  ester  with  ethyl 
acetate.^  For  all  the  ester,  however,  which  was  used  in  this  research,  I 

^  Kiliani,  Ber.,  19,  224  (1886). 

*  de  la  Motte,  Ber.,  12,  1571  (1879). 

*  Crum-Brown,  Ann.,  125,  19  (1863);  Hdnzdmann*  Ibid.,  193,  184  (1878). 
^  Tiemann  and  Haannann.  loc.  cit. 

»  Ber.,  16,  3027  (1883). 

*  Ann.,  236,  I  (1887). 

'  Wahl  and  Doll,  Bull.  sac.  chim.,  13, 265  (1913). 
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Pyrimidines, 

NH-<:0 

I         I 
CO     CH 


NH—C— R 

I.  cai.o,N, 

(Methyluracil) 

2.  CfHiOiN, 
(Kthyluradl) 

3.  CtHioOiN, 
(Propyluradl) 

4.  C«Hi,0,N, 
(Amyluracil) 

5.  COiwOiN, 
(Pentyluradl) 

6.  CioHiiOiNi 
(Hexyluracil) 


Tabls  III. 


(R  -  CH,,  CJHs,  etc) 


Thiapyrimidines. 

NH-<:o 

I  I 

CS      CH 

i         II 
NH— C.R 

1.  C»H«ONiS 
(Methylthiouradl) 

2.  C«HtON,S 
(Ethylthiouracil) 

3.  CtH,«ON,S 
(Propylthiouracil) 

4.  CtHuONiS 
(Amylthiouracil) 

5.  CHmON^S 
(Pentylthiouradl) 

6.  CioHwONjS 
(Hexylthiouradl) 


Etc. 


Etc. 


am  indebted  to  Professor  Andr£  Wahl>  of  Saint  Denis  (Seine),  Prance. 
I  take  this  opportimity  to  express  here  my  appreciation  of  his  cooperative 
spirit  and  kindness  in  sending  me  this  reagent.  When  this  ketone  ester 
is  warmed  with  thiourea  in  an  alcoholic  solution  of  sodium  ethylate  there 
is  an  immediate  reaction  with  formation  of  the  sodium  salt  of  2-tliio-4- 
hexyluracil  (XVII).  *  The  reaction  is  complete  after  boiling  for  a  few  hours, 
and,  after  evaporation  of  the  alcohol,  the  free  pyrimidine  is  then  easily 
obtained  by  decomposing  its  sodium  salt  with  hydrochloric  add.  A 
description  of  this  compound  is  given  in  the  experimental  part  of  this 
paper.    The  reaction  may  be  expressed  by  the  following  equation: 

NH,    COOCH, 

I  I 

CS  -h  CH, 

I  I 

NH,    OC.CH,CH,CH,CH,CH,CH, 

(XVI) 


H,0  4-  CJHi  OH 


NH—CO 

I  I 

CS     CH 


NH— C.CH,CH,CH,CH,CH,CH» 

(XVII) 

4-Hexyliu'acil  (XV)  is  easily  obtained  by  direct  desulfurization  of  this 
2-thiopyrimidine  (XVII).     This  is  easily  accomplished  by  digesting  the 
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sulfur  compound  with  an  excess  of  chloroacetic  acid  in  aqueous  solution. 
Complete  desulfurization  is  effected  within  a  few  hours  and  the  yield  of 
4-hexyluracil  is  practically  quantitative.  This  new  pyrimidine  possesses 
a  sharp,  definite  melting  point  (170**),  and  is  especially  characterized  by 
its  crystalline  habit  and  insolubiUty  in  cold  water.  A  complete  descrip- 
tion of  this  interesting  substance  is  given  in  the  experimental  part  of  this 
paper. 

NH— CO  NH— CO 

CS      CH  OCHjCOOH         ^^      I.JJ 

I         II  I        II 

NH— C.CHtCH,CH,CH,CH,CH,CH,       NH— C.CH,CH,CHtCHtCHiCH, 

(XV) 

The  study  of  pyrimidine-nucleosides  and  related  compounds  will  be 
continued. 

3.  Experimental  Part. 

NH— CO 

I  I 

The  Preparation  of  2'ThiO'4'hexyluracil,  CS    CH 

NH— C.CH,.CH,.CH,.CH,.€H,.CH,. 
— ^This  pyrimidine  is  easily  obtained  by  condensation  of  thiotu'ea  with  ethyl 
heptylacetate.*  Two  molecular  proportions  of  sodium  (i.o  g.)  were  dis- 
solved in  25  cc.  of  absolute  ethyl  alcohol,  5  g.  of  the  j8-ketone  ester  dissolved 
in  the  solution,  and  the  mixture  then  heated  with  4.0  g.  of  thiourea  (an 
excess),  at  the  temperature  of  the  steam  bath,  for  3  hoiu^.  A  turbid 
solution  was  obtained.  The  alcohol  was  then  removed. by  heating  in  an 
open  dish  at  100°  and  the  crude  reaction  product  dissolved  in  about 
30  cc.  of  cold  water  and  the  solution  filtered.  On  acidifying  this  alkaline 
solution  with  a  slight  excess  of  dilute  hydrochloric  add  the  above  2- 
thiop)rrimidine  separated  as  an  oil  which  very  soon  solidified.  It  was 
nearly  colorless  and  the  yield  was  excellent.  This  pyrimidine  was  ptuified 
by  recrystallization  from  boiling  water.  It  is  difficultly  soluble  in  this 
solvent  and  deposits,  on  cooling,  in  beautiful,  colorless  needles  which  melt 
at  145*^  to  a  clear  oil  without  effervescence.  The  pyrimidine  gave  a 
strong  test  for  sulfur.     Nitrogen  determination : 

Calc.  for  CioHwONjS:  N,  13.20;  found:  N,  1308. 

The  above  experiment  was  repeated  using  the  following  proportions: 
8  g.  of  the  i8-ketone  ester,  6.4  g.  of  thiourea,  1.6  g.  of  sodium  and  50  cc. 
of  absolute  alcohol.  After  digesting  for  6  hours,  the  reaction  was  appar- 
ently complete.  The  alcohol  was  then  removed  in  the  usual  manner  and 
the  pyrimidine  precipitated  from  its  aqueous  salt  solution  by  addition  of 

» Wahl  and  Doll,  loc.  cU, 
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hydrochloric  add.    The  crude  pyrimidine  melted  at  140-141®  and  the 
yield  was  about  4.5  g. 

Desulfurization  of  2-Thio-4-h€xyluracil  with  Formation  of  4-hexyluracil, 
NH— CO 

I        I 
CO     CH  . — The  best  conditions  for  the  successful 

I        II         • 
NH— C.CH,.CH,.CH,.CH,.CH,.CH, 

conversion  of  the  2-thiopyrimidine  into  this  p3rrimidine  are  as  follows: 
Equal  parts  by  weight  of  the  thiop3n'imidine  and  monochloroacetic 
add  are  dissolved  in  about  12-13  times  their  combined  weight  of 
water  (4  g.  of  pyrimidine  to  100  cc.  of  water).  While  the  chloro- 
acetic  add  dissolves  immediately  at  ordinary  temperature  it  is 
necessary  to  boil  for  several  minutes  before  solution  of  the  pyrimidine 
is  effected.  After  complete  solution  of  the  pyrimidine,  the  mixture  is 
then  boiled  for  several  hoiu-s.  After  solution  of  the  pyrimidine  it  is  best 
to  add  about  10  cc.  of  dilute  hydrochloric  add  to  aid  the  reaction.  After 
digesting  for  about  7-8  hours  (working  with  4  g.  of  pyrimidine)  the  re- 
action is  complete,  and,  on  cooling  the  solution,  heicyluracil  separates  as 
an  oil  which  soon  solidifies.  This  pyrimidine  is  extremdy  insoluble  in 
boiling  water  and  separates  on  cooling  in  beautiful,  glistening  plates  which 
melt  at  170**  to  a  dear  oil  without  effervescence.  The  yield  is  practically 
quantitative.  The  p3aimidine  did  not  lose  weight  when  heated  at  110- 
120**,  and  did  not  respond  to  a  test  for  sulfur.  Nitrogen  determination: 
Calc.  for  CioHieOiN:  N,  14.28;  found:  N,  14.15. 
This  pyrimidine  is  extremely  soluble  in  alcohol  and  separates  in  plates 
when  an  alcoholic  solution  is  diluted  with  water.  It  dissolves  also  in  so- 
dium hydroxide  solution. 

Nsw  Ravbn,  Conn. 
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By  Latham  Clakks  and  H.  K.  Bolton.  * 
Received  July  10,*  1914. 

Owing  to  the  absence  from  the  country  of  both  the  authors  it  has  been  necessary 
for  me  to  prepcu-e  this  work  for  publication. — C.  L.  Jackson. 

The  object  of  the  work  described  in  this  paper  was  to  compare  the  be- 
havior of  iodoanil  and  chloroanil  with  nitric  acid.  Stenhouse*  obtained 
from  the  latter  chloropicrine  and  oxalic  acid.  As  he  found  that  chloro- 
anilic  acid  behaved  in  the  same  way,  and  that  bromoanilic  acid  gave  bromo- 

*  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the  Faculty 
of  Arts  and  Sciences  of  Harvard  University  for  the  degree  of  Doctor  of  Philosophy  by 
Elmer  Keiser  Bolton. 

*  /.  Chem.  Soc,  8,  6  (1870). 
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picrine  and  oxalic  acid,  it  is  probable  that  bromoanil  wotild  undergo  a 
similar  reaction;  but  our  experiments  show  that  the  action  with  iodoanil 
is  entirely  different,  since  nitric  acid  converts  it  into  iodine  pentoxide 
and  diiodomaleic  add;  and  this  difference  is  due  to  the  nature  of  the  sub- 
stances, not  to  a  less  energetic  action  in  our  experiments  than  in  those  of 
Stenhouse,  since  we  used  fuming  nitric  add  instead  of  the  strong  add 
used  by  him,  and  heated  the  mixture  on  the  steam  bath  from  4  to  5  hrs.^ 
followed,  after  the  removal  of  the  iodine  pentoxide,  by  evaporation  of 
the  add  from  300  to  50  cc.  Therefore,  if  the  diiodomaldc  add  were  only 
€m  intermediate  stage  in  the  formation  of  iodopicrine  and  oxalic  add, 
we  must  have  obtained  some  of  these  products,  but  the  most  careful 
search  revealed  no  trace  of  them. 

The  identification  of  the  diiodomaldc  add  was  not  an  easy  matter. 
We  could  find  no  method  of  purifying  it  in  spite  of  many  and  varied 
attempts,  and  the  analyses  gave  bad  results,  which  were  explained  in 
part  by  the  formation  of  the  anhydride,  as  we  found  that  this  substance 
was  formed  by  long  standing  in  vacuo;  but  only  in  part,  since  the  anhy- 
dride gave  equally  bad  anal3rtical  results,  and  also  mdted  4^  lower  than 
the  specimen  prepared  by  Diels  and  Reinbeck.^  It  seems,  therefore,  that 
both  our  add  and  anhydride  contained  some  dinging  impurity,  which 
we  could  not  remove  by  crystallization.  The  composition  of  our  two  sub- 
stances was,  however,  established  by  determinations  of  the  molecular 
weight  of  the  anhydride,  and  anal3rses  of  the  sodium  salt  and  aniline 
salt  of  the  add,  of  several  of  its  other  derivatives,  and  by  titrations, 
which  showed  that  it  was  dibasic.  Three  different  compounds  agree 
with  these  results,  diiodosucdnic  add,  diiodomaldc  add,  and  di- 
iodofumaric  add.  The  last  of  these  can  be  rejected  at  once,  since 
otu"  add  forms  an  anhydride  easily.  For  instance,  on  heating  the 
add  with  toluene,  in  which  it  is  insoluble,  it  gradually  went  into 
solution,  while  at  the  same  time  a  drop  of  water  appeared  in  the  tol- 
uene, and  upon  evaporating  the  solvent,  the  anhydride  already  mentioned 
was  obtained.  The  dedsion  between  the  maleic  and  sucdnic  add  was 
more  difficult.  Our  compotmd  did  not  act  with  bromine,  but  this  has  no 
weight,  as  it  has  been  shown*  that  the  presence  of  a  halogen  frequently 
interferes  with  the  addition  of  bromine  to  an  unsaturated  add.  The  potas- 
sium permanganate  test  for  a  double  bond  could  not  be  applied,  since  it 
decomposed  our  acid  with  liberation  of  iodine — a  behavior  frequently 
observed  even  with  saturated  iodine  compounds;  reducing  agents  also 
gave  no  definite  results  with  it,  so  that  it  was  impossible  to  settle  the  ques- 
tion by  experiment.  In  spite  of  this,  however,  it  seems  to  us  that  the  fol- 
lowing considerations'  exclude  diiodosucdnic  add:    To  form  this  com- 

*  Ber.,  43,  1271  (1910). 

*  Bauer,  Ber.,  37,  3317  (1904);  Pum,  Monats.,  9,  449  (1888). 
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pound  from  iodoanil  it  would  be  necessary  to  add  two  atoms  of  hydrogen 
to  that  substance,  which  would  obviously  be  impossible  in  the  presence 
•of  hot»  fuming  nitric  acid.  The  diiodosucdnic  add  has  not  as  yet  been 
prepared,  and  it  may  be  doubted  whether  it  is  stable  enough  to  exist, 
■as  Finkelstein^  obtained  by  the  action  of  sodium  iodide  on  dibromosuc- 
dnic  add  in  acetone  solution,  sodium  bromide,  iodine,  and  fumaric  add, 
^md  Brunner  and  Chuard^  fotmd  the  same  products  on  treating  mono- 
bromosuccinic  add  with  potassium  iodide  in  alcohol.  Our  somewhat 
impure  diiodomaldc  anhydride  mdts  4^  bdow  the  pure  compound  made 
by  Diels  and  Reinbeck,'  but  at  least  20^  higher  than  the  known  dihalogen 
succinic  anhydrides. 

On  the  other  hand,  our  anhydride  differs  from  that  described  by  Dids 
and  Reinbeck  in  two  particulars  besides  the  melting  point.  They  state 
it  is  yellow  and  insoluble  in  benzene,  whereas  we  found  it  white,  turning 
yellow  on  exposure  to  air,  and  soluble  in  benzene,  in  sharp  contest  to  the 
insolubility  of  the  diiodomaldc  add.  Skraup^  has  found  that  maleic 
add  is  converted  into  fumaric  add  by  heating  it  with  strong  nitric  add, 
but,  although  our  add  was  submitted  to  the  long-continued  action  of  hot, 
fuming  nitric  add,  we  obtained  only  maldc  add,  (shown  by  its  easy  con- 
version into  an  anhydride);  it  seems,  therefore,  that  the  presence  of  the 
two  atoms  of  iodine  in  our  add  must  prevent  this  transformation. 

So  far  as  we  can  find,  this  is  the  first  time  that  maldc  add  has  been 
formed  from  a  substituted  quinone  by  nitric  add,  but  the  reaction  has 
been  brought^  about  by  other  reagents.^ 

If  the  add  aniline  diiodomaleate  is  suspended  in  gladal  acetic  add,  and 
heated,  it  is  converted  into  the  diiodomaleylphenylimide  (or  anil),  which 
must  have  the  ring  formula  given  bdow.    It  melts  at  171-172°  (imcor.). 

IC  — CO 

II  >NC4H, 

IC  — CO 

By  the  further  action  of  aniline  in  alcoholic  solution,  this  substance  is 
converted  into  the  phenylaminomaleylphenylimide  (anilinomaleylanil), 
melting  at  232-233**  (uncor.),  which  has  been  made  frequently  before, 
and  found  to  mdt  at  230°,'  23I^^  232-233°,'  or  235  °.'  Dichloro-  or 
dibromomaleic  add,  when  treated  with  aniline,  retains  one  atom  of  halo- 
»  Ber.,  43,  1528  (1910). 

•  Ihid.,  30,  200  (1897). 

•  Ibid.,  43,  1271  (1910). 

^  MoruUs.,  zi,  323  (1890);  12,  124  (1891). 

'  Zincke,  Fuchs,  Ann.,  267,  i  (1892);  Kempf,  Ber.,  39,  3715  (1906). 

•  Michael,  Ber.,  19,  1377  (1886). 

^  Reissert,  Tiemann,  Ber.,  19,  622  (1886);  Reissert,  Ibid.,  1644  (i886). 

•  Wohl,  Freund,  Ber.,  40,  2300  (1907). 

•  Bischoff,  Walden,  Ann.,  279,  140  (1894). 
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gen,^  which  is  in  harmony  with  the  observation  frequently  made  in  this 
laboratory  that  iodine  is  replaced  by  hydrogen  mcn-e  easily  than  bromine^ 
bromine  than  chlorine. 

p-Toluidine  gave  with  diiodomaleic  add  /?-tolylaminomaleyl-/>-tolyl- 
imide,  which  we  found  to  melt  at  229**  (uncor.).  Junghahn  and  Reissert^ 
found  228^.  Phenylhydrazine  gave,  with  diiodomaleic  add,  as  the  prin- 
cipal product  diiodomaleylphenylhydrazide  melting  at  170**  (uncor.) 
and  in  smaller  quantity  a  substance  mdting*at  266-267°  (uncor.), 
which  we  suppose  to  be  phenylhydrazomaleylphenylhydrazide,  but 
did  not  obtain  enough  of  it  to  settle  its  composition. 

When  the  diiodomaldc  add  was  heated  with  water  to  100°  in  a  sealed 
tubCi  we  obtained  carbon  dioxide,  formaldehyde,  hydriodic  add,  and  a 
little  free  iodine,  and  in  addition  to  these  soluble  compounds  a  brown  oil, 
solidif3ang  on  standing,  from  which  two  white  solids  were  obtained.  One 
gave  a  percentage  of  iodine  agredng  with  that  for  diiodoacetic  acid,  but 
as  it  was  white,  and  melted  at  95-96°  (uncor.),  we  cannot  consider  its 
nature  settled,  since  diiodoacetic  add  is  pale  yellow,  and  melts  at  110°.* 
Unfortimatdy,  this  work  was  begun  so  late  in  the  year  that  we  had  not 
time  enough  to  find  the  explanation  of  this  discrepancy.  For  the  same 
reason  we  can  give  only  a  preliminary  account  of  the  second  substance, 
mdting  at  182-184°  (imcor.).  A  single  determination  of  iodine  indi- 
cates' that  it  is  the  as  yet  undiscovered  pentaiodoethane. 

Experimental. 

Action  of  Fuming  Nitric  Acid  on  lodoanil. — ^Thirty-five  grams  of  crude 
iodoanil  were  mixed  with  300  cc.  of  nitric  acid  of  spedfic  gravity  i .  50, 
and  heated  on  a  sand  bath  to  slow  boiling  in  a  flask  fitted  by  a  ground 
joint  to  an  air  return  condenser.  After  half  an  hour  a  white  solid  separa- 
ted, which  increased  in  amoimt,  as  the  reaction  continued.  At  the  end 
of  4  or  5  hrs.,  after  the  brown  color  of  the  iodoanil  had  disappeared,  the 
orange-red  add  solution  was  allowed  to  cool,  and  decanted  from  the  white 
solid,  which  was  washed  with  a  little  strong  nitric  add,  the  washings  being^ 
added  to  the  main  portion  of  the  add.  This  white  solid  showed  the  proper- 
ties of  iodine  pentoxide,  as  it  sublimed  at  about  300°  with  partial  decom- 
position into  iodine  and  oxygen,  but  gave  off  no  water;  absorbed  moisture 
from  the  air  changed  its  cream  color  to  the  pure  white  of  iodic  add;  and 
its  strongly  acid  aqueous  solution  set  free  chlorine  from  hydrochloric  acid,  or 
iodine  from  potassium  iodide.  It  was  prepared  for  analysis  by  washing^ 
with  glacial  acetic  add,  drying  in  vacuo  over  potassium  hydroxide,  and 
finally  washing  with  benzene  and  drying  in  vacuo, 

Calc.  for  IjO&:  I,  76.04;  found:  I,  76.00,  75.90. 

*  Michael,  Am.  Chem.  J.,  9,  180  (1867);  Anscfautz,  Beavis,  Ann.,  295,  29  (1897); 
Salmony,  Simonis,  Ber.,  38,  2580  (1905). 

*  Ber.,  24,  1766  (1891). 

«  Angeli,  Ber.,  26,  596  (1893). 
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35  g.  of  the  iodoanil  gave  26  g.  of  iodine  pentoxide. 

For  ftuther  identification  the  aniline  iodate  was  made  by  adding  a  mix- 
ture of  aniline  and  alcohol  to  an  aqueous  solution  of  the  add.  The  pre- 
-dpitate  formed  was  washed  with  alcohol  and  benzene. 

Calc.  for  CeHftNHtHIO,:  I,  4718;  found:  I,  47.87. 

The  analysis  was  attended  with  difficulty,  because  the  salt  explodes 
violently,  when  brought  in  contact  with  nitric  acid,  so  that  only  one  of 
the  Carius  tubes  used  by  us  escaped  being  blown  to  pieces.  Otu*  obser- 
vations confirm  the  properties  of  the  salt  as  given  by  Beamer  and  F.  W. 
Clarke,^  the  explosiveness  with  nitric  acid,  and  the  fact  that  the  crystals 
turn  blue  on  expostu'e  to  the  air  bdng  the  only  points  we  have  to  add  to 
their  description. 

Diiodomaleic  Acid. — ^The  orange-red  add  solution  poured  ofiF  from  the 
iodine  pentoxide  was  evaporated  on  the  steam  bath  tmtil  reduced  to 
about  50  cc.,  when  it  was  freed  from  any  additional  iodine  pentoxide  by 
decantation,  or  if  necessary,  filtration  through  glass  wool  covered  with  a 
thin  layer  of  asbestos,  and  allowed  to  cool.  Rosets  of  long,  white 
needles  separated,  which  were  filtered  out  on  a  fine  Biichner  filter  and 
freed  from  adhering  add  by  a  porous  plate  and  standing  in  a  desiccator 
•over  potassium  hydroxide.  A  second  crop  of  crystals  was  obtained  by 
-evaporating  the  filtrate  to  25  cc.,  but  further  evaporation  yielded  only 
.a  small  additional  amount  contaminated  with  iodine  pentoxide.  No 
test  for  oxalic  add  was  obtained  from  the  solution.  From  35  g.  of  iodoanil 
II  g.  of  the  aystals  were  obtained,  or  52%  of  the  theoretical  yidd,  if 
one  molecule  of  the  product  was  obtained  from  each  molectde  of  iodoanil. 
This  product  was  recognized  as  diiodomaleic  add  by  analyses  of  some  of 
its  derivatives  given  later.  No  good  analyses  of  the  add  itself  could  be 
obtained,  the  percentages  of  iodine  and  of  carbon  coming  out  somewhat 
over  1%  too  high  for  the  theory.  This  was  in  part  due  to  formation  of 
anhydride  during  the  drying  in  vacuo,  as  a  spedmen  which  stood  in  vacuo 
for  one  week  showed  an  increase  of  o .  8%  in  its  iodine,  but  this  was  not  the 
only  reason,  as  our  analyses  of  the  anhydride  were  even  worse,  coming  out 
not  far  from  2%  too  high  on  both  the  iodine  and  carbon.  We  have  not  found 
any  method  for  the  purification  of  the  diiodomaleic  add,  as  no  good  re- 
sults could  be  obtained  from  crystallizations  even  from  mixed  solvents, 
or  predpitations  from  its  solutions,  and  once  dissolved  it  could  be  recov- 
ered only  by  evaporation  to  dryness.  Benzene  with  alcohol,  and  ace- 
tone with  chloroform  were  tried  with  especial  care,  other  combinations 
less  thoroughly.  Strong  sulfuric  acid  predpitated  the  compound  from 
its  aqueous  solution,  but  failed  to  purify  it;  strong  hydrochloric  acid  did 
not  even  precipitate  it.     The  acid  formed  by  the  action  of  water  on  the 

»  Ber.,  12, 1066  (1879). 


Digitized  by  VjOOQIC 


1904  LATHAM  CLARKE  AND  B.  K.  BOLTON. 

anhydride  gave  no  better  results  on  analysis  than  the  add  as  formed  direct 
from  nitric  add. 

Properties  of  Diiodomaleic  Acid,  CaljCCOOH)^. — It  oystallizes  from 
fuming  nitric  acid  in  rosets  of  long,  white  needles.  Our  best  spedmens 
melted  at  142°  with  evolution  of  bubbles,  and  the  formation  of  a  pale 
yellow  liquid,  but  the  true  mdting  point  is  undoubtedly  higher,  as  Ihe 
analyses  showed  that  our  substance  was  not  ptu'e,  containing  the  anhy- 
dride undoubtedly,  and  probably  a  second  impurity.  It  is  very  soluble 
in  water,  methyl  or  ethyl  alcohol,  ether,  acetone,  gladal  acetic  acid, 
acetic  ester,  or  nitrobenzene;  insoluble  in  chloroform,  carbon  tetrachloride* 
carbon  disulfide,  benzene,  toluene,  or  naphtha.  No  good  solvent  could 
be  found  for  it.  Boiling  benzene,  or  toluene,  converts  it  into  the  anhy- 
dride,  which  dissolves  as  it  forms.  The  add  is  less  soluble  in  sulfuric  acid 
than  in  water. 

The  aqueous  solution  of  the  diiodomaleic  add  gave  an  add  reaction 
with  Utmus  and  decomposed  carbonates  with  eflfervescence.  A  spedmen 
crystallized  from  the  nitric  acid  was  dried  on  a  porous  plate  and  then 
in  vacuo  over  potassium  hydroxide,  and  washed  several  times  with  warm 
benzene,  after  which  it  was  titrated  with  b.  0,2  N  potassium  hydroxide 
solution,  using  phenolphthalein  as  the  indicator. 

Subst.  I,  I.I  120,  0.540  g.;  II,  0.847,  0.764  g.;  KOH,  0.373,  0.180,  0.285,  0-257- 
Number  of  carboxyl  groups,  2.1,  2.1,  2.1,  2.1. 

The  add  is  therefore  dibasic.  II  was  a  spedmen  prepared  from  the 
anhydride  with  water. 

Sodium  Diiodomaleate,  C2l2(C02Na)2. — ^Three  grams  of  diiodomaldc 
acid,  dissolved  in  50  cc.  of  absolute  alcohol,  were  treated  with  sodium 
ethylate^  as  long  as  a  predpitate  was  formed.  The  salt  was  washed 
six  times  with  alcohol  and  dried  in  vacuo. 

Subst.  0.5856,  0.7417  g.;  Na2S04,  0.2080,  0.2645  g.;  calc.  for  CsIt(C02Na)2:  Na, 
II. 16;  found:  Na.  11.50,  11.55. 

It  forms  small,  white  plates  soluble  in  water  but  insoluble  in  all  the  com- 
mon organic  solvents. 

An  aqueous  solution  of  the  diiodomaleic  acid  gave  a  white  precipitate 
with  silver  nitrate,  which  exploded  violently  when  heated  in  an  air  bath. 
A  solution  of  the  ammonium  salt  gave  a  white  predpitate  with  lead  ace- 
tate, but  no  action  with  a  salt  of  caldum,  strontium  or  barium. 

When  a  solution  of  diiodomaleic  add  in  either  water  or  alcohol  was 
treated  with  a  drop  of  bromine  water,  no  decoloration  was  observed.  An 
aqueous  solution  of  the  acid  decolorized  potassium  permanganate  with 
predpitation  of  manganese  dioxide,  but  nothing  definite  could  be  isolated 
from  the  product.  Diiodomaldc  acid  was  dissolved  in  alcohol  and  satiu-a- 
ted  with  hydrochloric  acid  gas,  the  product  was  a  brown  liquid,  which 
'  Salmony,  Simonis,  Ber.,  38,  2580  (1905). 
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could  not  be  made  to  solidify,  and  was  not  studied  fiuther.  Attempts 
to  reduce  the  add  with  soditun  amalgam  with  water  or  alcohol,  zinc  or  mag- 
nesium and  sulfuric  add,  or  zinc  dust  and  acetic  add,  gave  no  results  from 
which  a  definite  compound  could  be  isolated. 

Diiodomaleic  Anhydride. — ^Five  grains  of  diiodomaleic  add  were  heated 
in  50  CO.  of  toluene  until  the  solid  had  gone  into  solution.  A  few  drops  of 
a  Uquid  separated,  which  was  shown  to  be  water  by  its  action  with  dried 
copper  sulfate.  The  yellow  anhydride,  obtained  by  evaporating  oflF  the 
solvent,  after  several  oystallizations  from  naphtha,  showed  the  constant 
m.  p.  H2-112.5®  (imcor.),  but  analyses  gave  1.5%  to  1.9%  too  much 
iodine,  and  i  .5%  to  i  .4%  too  much  carbon.  A  spedmen  of  the  anhy- 
dride, prepared  by  the  action  of  acetyl  chloride  and  a  drop  of  sulfuric  add 
on  the  add,  gave  i .  i%  too  much  iodine,  and  after  two  more  crystalliza- 
tions, making  8  in  all,  1.2%  too  much.  It  is  evident,  therefore,  that 
our  diiodo  add  and  anhydride  contain  a  clinging  impurity,  which  cannot 
be  removed  by  crystallization,  and  this  is  confirmed  by  the  fact  that  the 
constant  mdting  point  of  our  diiodomaleic  anhydride,  112-112.5*^ 
(uncor.)  is  4°  below  that  obtained  by  Diels  and  Reinbeck,^  who  made 
this  substance  by  the  action  of  sodium  iodide  on  dibromomaldc  anhydride 
in  dry  acetone.  The  properties  of  our  substance  are  identical  with  those 
given  by  Diels  and  Reinbeck  except  that  oiu*  preparation  crystallizes  in 
white  prisms,  which  soon  turn  light  yellow,  while  they  describe  theirs  as 
jrellow,  and  ours  is  soluble  in  benzene,  theirs  difiicultly  soluble.  Al- 
though oiu"  analy^s  gave  no  satisfactory  results,  we  were  more  successful 
with  the  determination  of  the  molecular  weight  by  freezing  in  benzene. 

Calc.  for  CsIi(CO)tO:  350;  found:  312.5,  322.7,  316.6,  320.9. 

The  anhydride  is  converted  into  the  add  slowly  by  cold,  quickly  by  hot 
water.  That  our  substance  was  the  diiodomaleic  anhydride  is  proved, 
in  spite  of  our  bad  results  on  the  substance  itself,  by  the  analyses  of  its 
derivatives  already  given  and  by  those  that  follow. 

Acid  Aniline  Salt  of  Diiodomaleic  Acid,  CiIjCOOHCOOHNHaCeHfi.— 
Two  grams  of  diiodomaleic  add,  dissolved  in  150  cc.  of  ether,  were  treated 
with  4  cc.  of  aniline,  and  the  white  predpitate,  after  purification  by  wash- 
ing with  ether,  was  dried  in  vacuo, 

Calc.  for  CtI,COOHCOOHNH,C«H.:  I,  5507;  found:  I,  5533,  5558. 

It  decomposes  at  about  152^,  is  soluble  in  water  but  insoluble  in  most 
of  the  common  organic  solvents.  Its  solution  has  an  add  reaction  to  lit- 
mus, and  is  decomposed  by  sodium  hydroxide  with  an  odor  of  aniline. 
It  is  also  decomposed  if  heated  in  an  organic  solvent. 

Diiodomaleylphenylimide  {EHiodomaleyianil),  C«l2(CO)jNC«H6. — The  add 
aniline  diiodomaleate,  described  above,  was  made  by  adding  a  slight  ex- 
» Ber.,  43,  1271  (1910). 
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cess  of  aniline  to  a  solution  of  diiodomaleic  acid  in  glacial  acetic  acid. 
The  precipitate  of  the  salt,  which  formed  in  a  few  minutes  after  being 
washed  free  from  aniline  with  glacial  acetic  add,  was  suspended  in  glacial 
acetic  acid  and  heated  on  the  sand  bath,  until  it  began  to  dissolve,  when 
the  lamp  was  removed  and  the  flask  allowed  to  stand  on  the  hot  sand 
till  the  solution  was  complete.  The  addition  of  a  small  quantity  of  water 
then  threw  down  a  yellow  precipitate,  which  was  crystallized  from  alco- 
hol until  it  showed  the  constant  m.  p.  17 1-2®  (uncor.). 
Subst.  0.2502;  Agl,  0.2758;  Calc.  for  CjI,(CO)iNCeH*:  I,  59-74;  found:  I,  5958- 

Properties  of  Diiodotnaleylphenylimide, — Small,  yellow  prisms  melting  at 
1 71-172''  (uncor.);  soluble  in  ether,  chloroform,  acetone,  ethyl  acetate, 
glacial  acetic  acid,  benzene,  toluene,  nitrobenzene,  or  aniline;  essentially 
insoluble  in  cold  alcohol,  or  naphtha,  soluble  when  hot.  Strong  hydro- 
chloric acid  produces  no  visible  effect  on  it,  even  when  hot;  boiling  alkali 
dissolves  it  slowly. 

Further  action  of  aniline  converted  the  diiodo  compound  into  phenyl- 
aminomaleylphenylimide^  (anilinomaleylanil),  which  was  also  obtained 
when  diiodomaleic  acid  was  dissolved  in  alcohol,  and  treated  with  aniline 
in  the  proportion  of  3  molecules  to  i  of  the  add;  the  mixture,  disregard- 
ing the  predpitate  of  the  salt,  was  heated  on  the  steam  bath,  which  turned 
the  liquid  brown,  and  produced  vapors  of  iodine.  At  the  end  of  an  hour 
the  solution  was  allowed  to  cool,  and  the  yellow  product  which  separated 
was  washed  with  cold  alcohol  and  then  crystallized  from  alcohol  and  later 
from  benzene  or  toluene  till  it  showed  the  m.  p.  232-233®  (uncor.). 

Calc.  for  C«H6NHCH(C0)tNC«Hi:  C,  72.69;  H,  4.58;  N,  10.61;  found:  C,  72.24; 
H,  4.54;  N,  10.48. 

The  substance  can  be  prepared  as  well  in  a  gladal  acetic  add  solution 
and  is  even  formed  when  water  is  the  solvent.  Diiodomaleic  anhydride 
also  gave  it  when  heated  with  aniline  in  absolute  alcohol  or  gladal  acetic 
acid. 

In  preparing  the  imide,  occasionally  a  different  product  was  obtained 
in  small,  yellow  needles,  melting  at  261**  (uncor.).  It  seemed  to  be 
phenylaminoiodomaleylphenylimide,  but  we  did  not  have  time  to  study 
it. 

If  the  diiodomaleic  acid  was  heated  with  f -toluidine  and  gladal  acetic 
acid,  the  p-tolylaminomaleyl-p-tolylimide  was  formed,  which  was  crys- 
tallized from  alcohol  till  it  melted  constant  at  229**  (uncor.). 

Calc.  for  C^HyNHCHCCO^NC^H^:  N,  959;  found:  N,  937. 
Action  of  Phenylhydrazine  on  Diiodomaleic  Acid, — ^Three  grams  of  di- 
iodomaleic acid,  dissolved  in  50%  alcohol,  were  treated  with  phenylhydra- 
*  Reissert,  Tiemann,  Ber.,  19,  622;  Reissert,  Ihid.,  p.  1644  (1886);  Michael,  Ibid., 
p.  1377;  Wohl,  Freund,  Ber.,  40,  2300  (1907);  Bischoff,  Walden,  Ann.,  279,  140  (1894). 
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zine  in  the  proportion  of  3  molecules  to  i.  After  heating  for  5  minutes 
on  the  steam  bath,  red  needles  separated,  ^hicfa  were  filtered  out  of  the 
hot  solution.  The  filtrate,  on  cooling,  deposited  a  few  orange  aystals, 
which  were  obtained  in  quantity  by  adding  a  little  water  to  the  solution. 
This  is  the  principal  product  of  the  reaction,  and  it  was  purified  by  crys- 
tallization from  50%  alcohol  till  it  showed  the  constant  m.  p.  170°  (un- 
cor.),  when  it  was  dried  in  vacuo. 

Subst.  0.3172,  0.2262;  Ns,  18  cc.  at  21°  and  766  mm.;  Agl,  0.2393;  Calc.  for 
CtIi(CO)iNNHCH.:  N,  6.37;  I.  5770;  found:  N,  6.67;  I,  5718. 

The  substance  is  therefore  diiodomaleylphenylhydrazide.  The  same 
substance  was  obtained  from  phenylhydrazine  and  diiodomaleic  anhy- 
dride in  absolute  alcohol  or  glacial  acetic  acid. 

Calc:  I,  5770;  found:  I,  57i9- 

None  of  the  red  product  was  formed  in  this  case. 

Properties  of  Diiodomaleylphenylhydrazide. — ^It  crystallizes  in  orange 
plates,  which  melt  at  170°  (uncor.)  with  decomposition  and  bubbling. 
It  is  soluble  in  alcohol,  methyl  alcohol,  ether,  chloroform,  glacial  acetic 
add,  benzene,  toluene,  nitrobenzene,  or  aniline;  practically  insoluble  in 
carbon  tetrachloride  or  naphtha.  Dilute  acids  have  no  apparent  action 
even  if  hot;  strong  sulfuric  acid  dissolves  it  with  a  brownish  red  color; 
dilute  alkali  does  not  act  on  it  in  the  cold  but  dissolves  it  on  heating. 

The  red  product  also  obtained  by  the  action  of  phenylhydrazine 
on  diiodomaleic  add,  occurred  in  such  small  quantities  that  it  could  not 
be  studied  thoroughly.  The  phenylhydrazomaleylphenylhydrazide  would 
be  expected,  but  our  analyses  do  not  accord  well  with  this  formula,  and 
we  could  not  get  enough  of  it  to  repeat  them.  It  crystallizes  in  red  needles, 
mdting  with  decomposition  at  226^  (uncor.).  It  is  practically  insoluble 
in  the  common  organic  solvents  when  cold;  soluble  in  hot  gladal  acetic 
acid,  benzene,  or  toluene. 

Action  of  Water  on  Diiodomaleic  Acid. — ^Two  grams  of  diiodonuddc  add 
were  heated  to  100**  in  a  sealed  tube  with  30  cc.  of  water  for  3  hre.  Car- 
bon dioxide  was  given  off  when  the  tube  was  opened;  the  other  products 
were  an  aqueous  solution  and  a  brown  oil.  The  solution  contained  hy- 
driodic  acid  and  formalddiyde  in  large  quantity,  and  a  little  free  iodine. 
The  oil,  which  contained  a  few  white  crystals,  solidified  on  standing, 
and,  after  it  had  been  pressed  in  filter  paper,  was  separated  by  heating  it 
with  naphtha  into  a  soluble  and  an  insoluble  substance.  As  the  work  on 
these  compotmds  was  taken  up  at  the  end  of  the  year,  we  have  not  been 
able  to  carry  it  beyond  the  preliminary  stage.  The  soluble  compound 
was  purified  by  crystallization  from  naphtha  tmtil  it  showed  the  m.  p. 
95-96**  (uncor.),  when  it  was  dried  in  vacuo. 

Subst.  0.X362,  0.1807;  Agl,  0.2036,  0.2694;  Calc,  for  CHIjCOOH:  I,  81.40;  found: 
I,  80.80,  80.59. 
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These  analyses  indicate  that  this  product  is  diiodoacetic  add,  but  our 
substance  is  white  and  melt§  at  95-96  *',  whereas  the  diiodoacetic  acid, 
according  to  Angeli,^  is  yellow  and  melts  at  iio^.  .The  explanation  of 
these  discrepancies  must  be  left  to  future  work.  Otu*  product  is  soluble 
in  water,  giving  an  add  reaction,  and  decomposing  carbonates.  It  is  also 
soluble  in  alcohol,  ether,  or  benzene;  practicsdly  insoluble  in  cold  naphtha, 
soluble  in  hot,  from  which  it  is  deposited  in  rosets  of  white  needles. 
On  exposure  to  the  air  it  turns  pink,  and  gives  a  test  for  free  iodine.  With 
lead  acetate  it  gives  a  white  precipitate,  which  can  be  crystallized  from 
hot  water. 

T^e  compound  insoluble  in  naphtha,  when  crystallized  from  glacial 

acetic  add,  gave  white  plates  contaminated  with  a  small  quantity  of  white 

prisms,  but  the  latter  were  removed  by  warming  gently  with  water,  after 

which  the  plates  were  crystallized  several  times  from  glacial  acetic  add. 

Subst.  0.2492;  Agl,  0.4449;  Calc.  for  CsHI«:  I,  96.23;  found:  I,  96^9. 

The  substance  therefore  seems  to  be  pentaiodoethane,  but  it  is  un- 
fortunate that  we  did  not  have  time  to  prepare  enough  for  another  anal- 
ysis. It  forms  white  plates  mdting  at  182-184®  (uncor.)  and  is  soluble 
in  alcohol,  glacial  acetic  add,  or  benzene,  and  insoluble  in  naphtha. 

CAKBKiDoa.  Mam. 
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The  synthetic  preparation  of  (fl-glyceric  aldehyde  was  accomplished  by 
Wohl  at  least  fifteen  years  ago.'  Several  workers  have  repeated  the  syn- 
thesis on  a  small  scale  since  that  time.  In  those  instances  in  whidi 
crystalline  glyceric  aldehyde  was  obtained  it  was  by  the  use  of  seed  oystals 
obtained  from  Wohl.  Others  have  been  satisfied  to  work  with  the  un- 
crystallized  syrup.  For  some  chemical  work,  such  as  that  of  Schmitz' 
on  the  mechanism  of  acrose  formation,  such  syrups  would  be  fairly  satis- 
factory, but  for  certain  biochemical  as  well  as  chemical  work  the  pure 
crystalline  compotmd  is  necessary,  in  order  that  the  experimental  results 
shall  be  sharply  significant.  As  a  part  of  the  program  of  work  on  the 
metabolism  of  sugars,  which  is  being  followed  in  this  laboratory,  it  became 
necessary  to  prepare  a  quantity  of  pure  crystalline  glyceric  aldehyde  for 
biochemical  experiments.  In  the  course  of  this  work  certain  improve- 
ments were  made  in  the  method  of  preparation,  especially  in  the  manip- 

1  Ber.,  a6,  596  (1893)- 

•  Wohl,  Ber.,  31,  1797,  2394  (1898);  Wohl  and  Neuberg,  Ber.,  33,  3095  (1900). 

*  Ber.,  46,  2327  (1913). 
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*  ulations  of  the  highly  sensitive  glyceric  aldehyde  itself,  which  now  make 
the  isolation  of  the  crystalline  compound  very  certain  and  relatively  easy. 
Glyceric  aldehyde,  as  prepared  by  the  use  of  these  modifications,  is  much 
more  easily  crystallized  than  any  known  hexose  including  galactose.  In 
fact  it  has  not  been  possible  to  prevent  its  spontaneous  crystallization  if 
care  was  used  in  the  preparation  of  the  syrup. 

The  actual  work  of  preparation  was  done  in  the  Kent  Chemical  Lab- 
oratory of  the  University  of  Chicago,  through  the  kindness  of  Dr.  J.  U. 
Nef ,  and  I  hereby  wish  to  thank  him  for  this  and  for  his  helpful  interest 
during  the  course  of  the  work. 

The  method  used  by  Wohl  in  the  synthesis  of  glyceric  aldehyde  was 
followed  carefully  except  that  it  was  modified  in  some  important  details  of 
manipulation.  Briefly  summarized,  this  method  is  as  follows:  acrolein  is 
dropped  fairly  slowly  into  twice  its  weight  of  absolute  alcohol  previously 
saturated  at  o^  with  dry  hydrochloric  add  gas. 

CHa  :  CHCHO  +  HCl  +  2CH6OH  — ►  CH,C1CHjCH(OCH0j  +  H,0. 

The  /9-chloropropionicaldehyde  diethylacetal  forms  a  separate  lower 
layer  which  is  separated,  neutralized,  etc.,  and  finally  treated  with  pow- 
dered sifted  potassium  hydroxide  in  order  to  convert  it  into  acrolein  diethyl- 
acetal. 

CH,C1CH,CH(0CH»),  +  KOH  — ► 

CH, :  CHCH(OCH»),  +  KCl  +  H,0. 

The  acrolein  acetal  is  oxidized  with  potassium  permanganate  to  glyceric 
aldehyde  diethylacetal. 

3CH2  :  CHCH(OCiH»),  +  4H,0  +  sKMnO*  — ► 

3CH,OHCHOHCH(OCtH»),  +  2KOH  +  aMnQt. 

The  glyceric  aldehyde  acetal  in  turn  is  hydrolyzed  by  o.i  N  sulfuric  add 
in  the  cold,  and  from  this,  finally,  the  true  dimeric  crystalline  d/-gl3rceric 
aldehyde  is  obtained. 

CHjOHCHOHCH(OCH»),  +  H,0  — ►  CH,OHCHOHCHO  +  aCtHjOH. 

In  the  preparation  of  /3-chloropropionicaldehyde  diethylacetal,  it  was 
fotmd  best  to  add  the  acrolein^  from  a  dropping  funnel  which  passed 
through  a  cork  fitted  in  the  flask  containing  the  absolute  alcohol  saturated 
with  hydrochloric  add.  A  small  slit  cut  in  the  side  of  the  stopper  allowed 
the  air  to  escape  as  fast  as  it  was  displaced  by  the  acrolein.  A  glass  capil- 
lary tube  in  a  cork  was  set  into  the  top  of  the  separatory  funnel  to  prevent 
the  acrolein  vapors  from  passing  out  too  freely.  The  reaction  mixture 
was  constantly  agitated  in  an  ice  bath  during  the  addition  of  the  acrolein. 

*  The  acrolein  used  was  obtained  by  the  methods  described  in  Tms  Journal, 
36,  1766  (1914)- 
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If  the  acrolein  was  kept  cooled  in  an  ice  bath  and  only  added  to  the  sep- 
aratory  funnel  in  relatively  small  amounts,  this  work  could  be  done  in  the 
open  room  without  causing  any  inconvenience  or  perceptible  odcM*  of 
acrolein.^  The  /3-chloropropionicaldehyde  acetal  separates  in  part  during 
the  addition  of  acrolein.  After  standing  an  hotu*  or  so  in  the  ice  bath  with 
occasional  agitation,  the  lower  layer  was  separated  off.  This  was  treated 
gradually  with  an  excess  of  sodium  bicarbonate  according  to  the  original 
suggestion  of  Wohl.  The  method  of  neutralizing  the  &ee  hydrochloric 
add  with  precipitated  calcium  carbonate'  was  not  used.  The  voluminous 
precipitate  of  sodium  chloride  was  filtered  off  under  strong  suction,  pressed 
with  a  porcelain  pestle  and  finally  washed  with  a  little  absolute  alcohol. 
The  filtrate  was  washed  several  times  with  cold  water,  after  which  the 
/3-chloropropionicaldehyde  acetal  was  dried  with  potassium  carbonate. 
In  this  condition  it  can  be  left  over  night.  It  is  never  advisable  to  keep 
the  /8-chloropropionic  aldehyde  acetal  for  long  intervals.  If  it  becomes 
necessary  to  keep  it  for  a  time  it  is  not  advisable  to  have  it  stand  over 
moist  potassium  carbonate. 

The  crude  /8-chloropropionicaldehyde  acetal  thus  obtained  was  always 
fractionally  distilled  in  vacuo.  The  product  distilling  below  56°  at  8  mm. 
pressure  had  a  very  powerful  odor,  probably  due  to  /3-chloropropionic 
aldehyde,  which  may  arise  either  from  the  addition  of  hydrogen  chloride 
to  acrolein,  which  was  not  subsequently  converted  into  the  acetal,  or  it 
may  arise  from  hydrolysis  of  the  acetal.  This  fraction  always  gave  an 
additional  amount  of  the  high  boiling  fraction  on  redistilling.  The  main 
fraction,  distilling  from  56-66®  at  8  mm.  was  used  at  once  for  the  prepara- 
tion of  acrolein  acetal.  The  residue,  on  distillation,  was  a  golden  yellow 
liquid  somewhat  less  viscous  than  glycerol.  A  portion  of  this  residue  was 
distilled  in  vacuo.  Distillation  took  place  all  the  way  from  66**  to  140® 
at  16  mm.  (but  most  distilled  at  120-40**).  The  first  runnings  were  com- 
posed of  /3*chloropropionicaldehyde  diethylacetal.  On  fractionating 
again  a  slightly  yellow,  nearly  colorless,  fraction,  boiling  at  127-40®  at 
10  mm.,  and  having  a  mild  odor  resembling  acrolein  acetal  was  obtained. 
On  attempting  to  remove  this  liquid  with  chromic  add  cleaning  mixture, 
a  very  large  amount  of  acetaldehyde  was  evolved,  showing  that  this  dis- 
tillate was  composed  in  part  of  acetals.     It  was  not  further  investigated. 

Since  no  suitable  copper  still,  such  as  was  used  by  Wohl  in  the  treatment 

*  This  operation  is  very  conveniently  done  in  cold  weather.  The  absolute  alcohol 
saturated  with  HCl  may  be  made  up  in  quantity  and  kept  for  a  long  time  by  placing 
it  in  a  strong  bottle  fitted  with  a  rubber  stopper.  The  bottle  is  set  in  a  deep  pan  on 
the  base  of  a  strong  ring  stand  and  a  ring  is  clamped  down  very  firmly  on  the  stopper. 
The  whole  is  placed  out  of  doors.  If  the  temperature  is  above  o^  the  pan  is  filled  with 
ice  water  a  short  time  before  removing  the  amount  desired,  otherwise  not.  In  hot 
weather  it  is  very  troublesome  to  keep  this  solution. 

•  Wohl  and  Emmerich,  Ber.,  33,  2760  (1900). 
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of  ^^chloropropionicaldehyde  acetal  with  potassium  hydroxide  was  avail- 
able, a  250  cc.  round-bottomed  flask  was  used.  Fifty  grams  of  /3-chloro- 
.  propionicaldehyde  acetal  were  placed  in  the  flask  and  loo  g.  of  powdered 
potassitmi  hydroxide  (passed  through  a  6o-mesh  sieve)  were  added  a  few 
grams  at  a  time.  Meanwhile,  the  contents  of  the  flask  were  continually 
mixed  by  shaking.  The  flask  was  cooled  in  ice  water  from  time  to  time. 
In  this  way  a  homogenous,  cream-colored  mixture  was  obtained.  The 
flask  was  then  fitted  with  a  cork  containing  a  three-ball  Glinsky  distilling 
tube.  The  latter  was  connected  with  a  short  Liebig  condenser.  The 
flask  was  then  immersed  in  a  paraffin  bath  up  to  the  level  of  the  mixttu^ 
inside.  When  the  bath  reached  210-20**  an  active  reaction  took  place 
and  acrolein  diethylacetal  began  to  pass  over  at  once.  When  the  reaction 
proceeds  quite  normally,  there  was  no  difficulty  in  keeping  the  thermometer 
in  the  top  of  the  Glinsky  at  or  below  120**.  The  distilate  was  nearly 
alwa3^  composed  of  two  layers,  the  lower  one  of  which  was  made  up  of  a 
few  drops  of  water.  After  removing  the  water  with  potassium  carbonate 
the  product  was  fractionated,  using  the  Glinsky  tube.  Three  portions  of 
50  g.  thus  gave  an  average  of  80  g.  of  acrolein  diethylacetal,  distilling  be- 
tween 120-128"*  (95%  of  it  between  123--5'*).  This  is  68%  of  that  theo- 
retically possible.  There  was  always  about  5-10  g.  of  ethyl  alcohol  formed 
by  the  saponification  of  one  of  the  acetals.  Likewise,  a  few  grams  of 
acrolein  acetal  may  be  recovered  by  digesting  the  flasks  with  water.  It 
was  invariably  noticed,  on  dissolving  the  potassium  hydroxide  residue, 
that  there  was  a  considerable  amount  of  an  insoluble  substance  floating 
in  the  solution  of  potassium  hydroxide.  The  nature  of  this  product  was 
not  determined.  About  15%  of  the  material  used  remained  as  a  residue 
on  fractionating  the  crude  acrolein  acetal.  This  sometimes  gave  satis- 
factory results  on  distilling  again  with  powdered  potassium  hydroxide. 

The  formation  of  acrolein  acetal  from  /3-chloropropionicaldehyde  acetal 
takes  place  with  surprising  ease  and  regularity  when  the  powdered  po- 
tassium hydroxide  has  the  right  qualities.  If,  however,  a  grade  of  potas- 
sium hydroxide  is  used  which  contains  too  much  water,  or  if  the  grinding 
of  the  potassium  hydroxide  is  done  on  a  damp  day,  the  results  are  regularly 
poor.  It  is  very  easy  to  determine,  during  the  distillation,  whether  the 
results  are  going  to  be  good.  If  the  powdered  potassium  hydroxide  melts 
before  the  acrolein  acetal  begins  to  distil  over  (105-20®),  or  if  the  dis- 
tillation temperature  remains  at  78®  (b.  p.  of  alcohol),  or  if  the  distillate 
has  an  overpowering  odor,  (worse  than  acrolein)  the  reaction  is  not  pro- 
ceding  normally.  Usually  all  three  of  these  signs  occm*  together.  Some- 
times, however,  only  the  latter  (that  is  the  overpowering  odor)  is  present 
to  a  slight  extent.  This  is  usually  a  warning  that  the  yield  will  be  a  bit 
low  and  that  more  care  should  be  taken  to  keep  the  potassium  hydroxide 
dry. 
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The  explanation  of  this  undesirable  result  is  not  difficult.  The  leactxm 
may  be  written  thus: 

CH,C1  CH,a— 

I  I 

CH,  +  H,0      — ►         CH,  +  2CtH«OH 

I  I 

CH(OCiHi),  CHO 

It  is  probable  that  only  the  /9-chloropropionicaldehyde  (the  compound 
with  the  powerful  odor)  formed  by  the  action  of  water  vapor  on  the  vapor 
of  the  acetal  passes  over  into  the  distillate.  The  /S-chloropropionicalde- 
hyde  formed  by  the  action  of  water  within  the  liquid  mixttu^  is  no  doubt 
polymierized  instantly.  This  is  shown  by  the  fact  that  a  white  insoluble 
polymer  appears  in  the  distillation  mass  which  increases  in  quantity  as 
the  reaction  proceeds.  Wohl  and  Emmerich^  had  similar  trouble  in  hy- 
drolyzing  /3-diloropropionicaldehyde  acetal  with  aqueous  potassium  hy- 
droxide in  order  to  obtain  /3-hydrox3rpropionicaldehyde  acetal. 

After  having  gained  sufficient  experience  with  the  technique,  it  was 
foimd  possible  to  prepare,  in  about  three  weeks,  enough  acrolein  (about 
1600  g.  from  about  6000  g.  of  glycerol)  and  to  convert  this  by  successive 
stages  into  735  g.  of  acrolein  diethylacetal. 

The  oxidation  of  acrolein  diethylacetal  to  glyceric  aldehyde  diethyl- 
acetal presents  no  difficulties,  except  that  of  getting  a  large  yield.  Wohl 
and  Neuberg'  succeeded  in  getting  a  maximtun  yield  of  about  40%.  In 
my  own  experiments  it  was  possible  to  get  a  maximum  yield  of  54%,  not 
counting  the  unchanged  acrolein  acetal  recovered,  or  an  average  of  52-53% 
for  a  series  of  oxidations.  540  cc.  of  water  were  placed  in  a  three  Uter 
flask  and  50  g.  of  acrolein  acetal  were  added.  To  this  1 100  cc.  of  an  aqueous 
solution,  containing  60  g.  of  potassium  permanganate  (t.  e.,  nearly  saturated 
at  room  temperattu-e),  were  added  from  a  dropping  fuxmel  at  the  rate  of 
100  cc.  in  five  minutes.  Throughout  the  addition,  the  mixture  was  vigor- 
ously agitated  in  an  ice  bath.  The  reaction  mixture  was  then  allowed  to 
stand  for  2  hours  in  the  ice  bath.  Usually  the  entire  contents  of  the 
flask  set  into  a  stiff  jelly  (i,  e.,  of  hydrated  manganese  dioxide  hydrogel) 
in  15  to  30  minutes.  This  gel  was  so  stiff  that  frequently  the  flask  could 
be  turned  upside  down  without  disttu-bing  the  gel.  Gradually,  if  left 
imdisttu-bed,  this  gel  showed  ''condensation  water"  or  syneresis  and  also 
deep  fracttu'es.  After  standing  two  hours  it  was  placed  on  the  steam  bath. 
This  hastens  the  further  coagulation  of  the  colloid,  so  that  when  the  mix- 
ttu-e  has  become  fairly  warm  it  may  be  thrown  upon  a  large  (8  inch) 
Budmer  suction  filter.  By  pressing  the  precipitate  with  a  spatula  the 
manganese  dioxide  may  be  sucked  quite  dry.  It  is  then  washed  with  about 

*  Ber.,  33,  2760  (1900). 

•  Ibid.,  33,  3095  (1900). 
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150  cc.  of  water.  The  warm  filtrate  (about  1800  cc.),  which  smells  strongly 
of  acrolein  acetal,  is  treated  with  900  g.  of  commercial  potassium  carbonate 
and  the  solution  cooled  at  once.  It  is  not  necessary  to  add  about  1800  g. 
of  potassium  carbonate  as  stated  by  Wohl.  The  mixture  is  now  trans- 
ierred  to  a  large  separatory  funnel;  the  upper  layer  (glyceric  aldehyde 
acetal)  is  drawn  off  and  the  aqueous  solution  extracted  4  or  5  times  with 
-ether.  On  mixing  the  ether  extract  with  the  crude  acetal  first  drawn  off, 
^ution  at  first  results;  on  addition  of  more  ether>  however,  a  considerable 
amount  of  glyceric  aldehyde  acetal  separates  out  as  a  lower  layer.  This 
was  discarded  as  water  at  first,  but  later  its  true  nature  was  discovered. 
Experiments  with  ptu-e  glyceric  aldehyde  acetal  and  ether  failed  to  show 
•any  such  misdbility  break  in  this  binary  system,  so  that  the  misdbility 
break  observed  here  must  be  due  to  some  third  component,  probably  the 
'  water  dissolved  in  the  ether.  At  least  it  was  fotmd  that  the  glyceric  al- 
•dehyde  acetal  was  taken  up  into  solution  again  instantly  as  soon  as  potas- 
sium carbonate  was  added  in  order  to  dry  the  solution.  After  distilling 
•off  the  ether,  the  crude  glycericaldehyde  acetal  was  distilled  in  vacuo. 
It  boiled  at  120-1  ^  at  8  mm.  pressure. 

Prom  60  g.  of  acrolein  acetal  39  to  40  g.  of  glyceric  aldehyde  acetal  were 
nearly  always  obtained,  and  about  3  g.  of  unchanged  acrolein  acetal  were 
recovered.  Prom  835  g.  of  acrolein  acetal  512  g.  of  pure  glycericaldehyde 
acetal  were  obtained.  Altogether,  1465  g.  of  acrolein  acetal  were  worked 
up  in  this  way. 

dt-Glyceric  Aldehyde. 

In  the  preceding  pages  I  have  given  some  additional  observations  and 
details  concerning  the  preliminary  stages  in  the  synthesis  ^/-glyceric  alde- 
hyde from  acrolein  and  glycerol,  but  significant  and  important  improve- 
ments were  also  made  in  the  manipulation  of  the  free  glyceric  aldehyde 
itself.  Wohl  apparently  had  considerable  difficulty  in  crystallizing  his 
glyceric  aldehyde,  and  states  that  it  required  weeks  to  get  the  first  crystals. 
Schmitz^  found  that  very  small  concentrations  of  alkali  condense  glyceric 
aldehyde  into  a  definite  mixture  of  2-keto-hexoses.  Nef's  long  studies 
with  the  sugars'  have  shown  how  sensitive  even  the  hexoses  are  to  the 
action  of  inorganic  bases  and  salts.  In  glyceric  aldehyde  all  these  proper- 
ties would  be  even  more  marked.  In  view  of  these  considerations,  Nef 
suggested  the  use  of  small  amounts  of  acetic  acid  to  overcome  the  unde- 
sirable effects  of  any  traces  of  alkali.  The  results  obtained  in  the  crystal- 
lization of  glyceric  aldehyde  as  a  result  of  this  suggestion  are  so  remarkable 
in  comparison  with  anything  described  in  chemical  literature  that  they 
will  be  described  in  some  detail. 

The  glyceric  aldehyde  acetal  was  dissolved  in  10  times  its  weight  of 
*  Ber„  46,  2327  (1913). 
«  Anm„  357i  214-312  (i907)?376|  1-119  (1910);  403,  204-383  (1914). 
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O.I  iV  sulftiric  add  and  allowed  to  stand  at  room  temperature  for  a  few 
days,  or  better  for  a  whole  week.  To  this  was  added  6.3  g.  of  glacial 
acetic  acid  per  100  cc.  The  solution  was  then  warmed  and  slightly  more 
than  the  calculated  quantity  of  barium  hydroxide  (about  0.3  N)  was 
added  a  little  at  a  time.^ 

The  solution  was  filtered  after  standing  for  some  time  to  remove  as  much 
of  the  barium  sulfate  as  possible  (t.  e.,  all  but  at  most  a  slight  turbidity). 
Test  portions  were  placed  in  test  tubes  and  a  small  amount  of  the  o.i  N 
sulfuric  acid  was  added  to  one  of  them.  Both  were  warmed  somewhat 
and  the  tiu-bidities  were  compared.  The  solution  was  adjusted  by  the 
addition  of  small  amoimts  of  sulfuric  add  until  it  showed  only  a  very  slight 
positive  test  for  barium  as  shown  by  the  formation  of  a  slight  turbidity  on 
adding  a  little  o.i  AT  sulfuric  add  to  a  test  portion. 

This  solution  was  then  filtered  through  a  hard  filter  containing  a  pinch 
of  animal  charcoal  and  the  water  was  then  removed  from  the  dear,  color- 
less, filtrate  by  distillation  at  20  mm.  pressure.  The  syrup  remaining 
was  dissolved  in  the  minimal  amount  of  warm  absolute  alcohol  and  an 
equal  volume  of  ether  added  (i.  e,,  until  a  turbidity  begins  to  appear). 
On  standing  for  25  hotu-s  the  last  traces  of  inorganic  matter  were  separated 
out  and  the  dear  filtrate  then  gave,  on  customary  distillation  at  reduced 
pressin'e,  a  transparent  syrup;  this  syrnp  was  now  transferred  to  a  beaker 
and  placed  in  a  vacuum  desiccator  over  night.  The  next  morning  the 
syrup  showed  a  white  opalescence.  Before  night  the  synxp  had  become 
white  and  opaque.  A  little  ethyl  alcohol  was  now  stirred  into  the  mass- 
from  time  to  time  until  the  mass  ceased  to  be  sticky  any  longer.  Thirty 
grams  of  glyceric  aldehyde  acetal  treated  in  this  way  gave,  in  three  days,. 
10  g.  of  a  crystalline  powder  nearly  insoluble  in  cold  ethyl  alcohol,  with 
which  it  was  fredy  washed  on  a  filter.  The  glyceric  aldehyde  thus  ob- 
tained  melts  132**  without  fiulher  purification.  This  was  the  only  ex- 
periment in  which  the  passage  of  glyceric  aldehyde  through  the  colloidal 
state,  was  so  dearly  noticed.  In  all  subsequent  experiments  more  dilute 
syrups  were  used  for  crystallization  in  order  to  obtain  larger  crystals. 

After  a  few  more  batches  of  glyceric  aldehyde  had  been  worked  up  in 
this  way  and  inocculated  with  partides  of  the  above  crystals,  it  became 
evident  that  the  yield  in  crystalline  glyceric  aldehyde  was  considerably 
less  than  the  amount  theoretically  possible  from  the  acetal  used.  This- 
may  have  been  due  to  imhydrolyzed  acetal  or  to  some  condensation  of 
rearrangement  product  of  the  glyceric  aldehyde  itself.  The  following 
procediu-e  was  therefore  adopted: 

The  acetal  was  hydrolyzed  for  a  week  at  room  temperature  just  as 

*  The  method  used  by  Wohl  at  this  point  was  to  simply  neutralize  the  sulfuric 
by  adding  an  excess  of  barium  hydroxide  and  then  to  remove  the  excess  of  barium 
hydroxide  at  once  by  passing  a  stream  of  carbon  dioxide  through  the  solution. 
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before,  except  that  it  was  twice  wanned  for  about  2  hrs.  to  about  35*^ 
during  the  hydrol)rsis.  Before  adding  the  .barium  hydroxide,  0.5  g.  of 
glacial  acetic  acid  was  added  per  100  cc,  of  the  solution.  The  end  adjust- 
ment of  the  trace  of  barium  acetate  was  made  as  before.  The  final  re- 
moval of  the  last  portions  of  barium  sulfate  was  accomplished  by  filtering 
through  a  hard  filter  containing  a  pinch  of  animal  charcoal,  which  had  been 
washed  thoroughly  with  hydrochloric  acid  and  then  with  water  till  free 
from  add.  The  solution  was  now  concentrated  in  vacuo  to  a  thick  syrup 
free  from  water.  This  was  dissolved  in  absolute  alcohol.  When  pre- 
pared in  this  way  it  is  impossible  to  prevent  spontaneous  crystallization 
of  alcohol  solutions  of  the  glyceric  aldehyde.  This  solution  is  treated  with 
ether,  filtered  and  concentrated  in  vacuo  at  once.  If  it  is  to  be  transferred 
from  the  distilling  flask  it  must  be  done  quickly,  because  in  twenty  min- 
utes after  the  removal  of  the  water  bath  crystallization  is  well  advanced. 
In  fact,  in  a  few  cases,  crystallization  began  while  the  flask  was  being 
"heated.     In  twenty-four  to  forty-eight  hours  crystallization  is  complete. 

When  oystallization  is  complete  the  flask  usually  contains  a  thick, 
porous  cake  of  crystals  covered  with  a  layer  of  limpid  mother  liquor  a  few 
millimeters  thick.  The  Cake  is  broken  up  and  thrown  on  a  suction  filter. 
The  flask  and  crystals  are  repeatedly  washed  with  absolute  alcohol  after 
which  the  crystals  are  spread  out  on  a  porous  plate  and  allowed  to  dry. 
After  standing  in  the  air  one  day  the  melting  point  was  found  to  be  142  ^. 
The  highest  melting  point  previously  observed  (138°)  was  obtained  by 
Wohl  and  Neuberg^  after  recrystallizing  their  product  from  40%  methyl 
alcohol  and  drying  in  vacuo  over  phosphorus  pentoxide.  A  specimen  kept 
in  a  vacuum  desiccator  over  concentrated  sulfuric  acid  for  three  days 
melted  at  the  same  temperature,  thus  showing  that  this  sugar  is  not  hygro- 
•scopic.  The  glyceric  aldehyde  syrup  is  quite  sweet.  Wohl  states  that 
the  crystals  are  less  sweet  than  the  syrup.  This  is  true.  In  fact,  there  is 
no  perceptible  taste  whatever  when  crystals  are  placed  on  the  tongue  and 
allowed  to  dissolve  there. 

The  mother  liquor  was  concentrated  in  vacuo  and  allowed  to  aystallize 
•again. 

The  behavior  of  <i2-glyceric  aldehyde  in  crystallization  is  very  interesting. 
As  was  shown  above,  much  better  results  in  oystallization  are  obtained 
when  inorganic  compounds  present  in  the  small  amount  of  bone-black 
used  are  kept  out  of  the  solution.  Just  what  the  effect  of  these  salts 
{CatPsO?,  CaCOs,  etc.)  is,  has  not  as  yet  been  determined  experimentally. 
Furthermore,  success  in  crystallization  depends  in  part  on  the  complete 
removal  of  water  from  the  S3rrup.  If  the  water  has  been  completely  re- 
moved and  the  S3aiip  taken  up  in  alcohol,  the  crystaUine  dimeric  form 
(since  this  is  almost  insoluble  in  alcohol)  begins  to  separate  out  at  once. 
^  3er.,  S3f  3095  (1900). 
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The  addition  of  ether  to  the  alcohol  solution  does  not  interfere  witir  crystal- 
lization. In  fact,  considerable  crystalline  glyceric  aldehyde  was  obtained 
from  this  mixed  solvent.  But  even  with  the  technique  described,  the  re* 
suits  obtained  in  crystallization  are  somewhat  variable,  as  wiD  be  seen. 
from  the  results  given  below.  Moreover,  no  experimental  explanation 
has  yet  been  found  for  the  fact  that  usually  only  75%  of  the  glyceric  alde- 
hyde theoretically  possible  could  be  crystallized  out  of  any  given  batch. 

In  some  test  experiments  the  following  results  were  obtained:  Ninety 
grams  of  the  acetal  gave,  on  the  first  crystallization,  28.5  g.  of  glyceric 
aldehyde  crystals.  On  concentrating  the  mother  Uquor  and  washings 
in  vacuo  a  second  crop  of  8.2  g.  was  obtained.  The  washings  from  the 
second  crop  gave  ii.o  g.  of  gum  which  no  longer  crystallized  on  diluting 
with  alcohol.  Therefore,  75%  of  the  49.3  g.  of  glyceric  aldehyde  theo- 
retically possible  were  obtained  in  the  crystalline  form. 

In  another  experiment,  27  g.  of  crystalline  glyceric  aldehyde  out  of  the 
41.7  g.  theoretiodly  possible  were  obtained  from  the  first  crystallization,, 
i.  e.,  64.7%.  A  second  crop  of  4.7  g.,  and  a  third  crop  of  3.  7  g.  was  ob- 
tained, making  a  total  of  84.8%  recovered  as  crystals. 

Altogether,  enough  material  was  worked  up  to  have  given  400  g.  of 
crystalline  glyceric  aldehyde,  assuming  that  95%  of  it  could  be  crystallized. 
As  a  matter  of  fact,  only  a  little  over  250  g.  was  obtained  altogether. 

Chscaoo,  III. 
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A  FURTHER  STUDY  OF  THE  PREPARATION  AND  PROPERTIES 

OF  THE  AMMONIUM  SALTS  OF  ORGANIC  ACIDS. 

FOURTH  COMMUNICATION.^ 

Bt  tnRoY  McMAsnit. 
Rccdved  July  20,  1914. 

In  continuation  of  the  investigation  of  the  preparation  and  properties 
of  the  neutral  ammonium  salts  of  organic  adds,  I  still  find  that  the  salts 
were  always  prepared  by  neutralizing  an  aqueous  solution  of  the  organic 
add  with  ammonia  water  or  ammonium  carbonate,  and  the  solution  al- 
lowed to  evaporate.  As  a  result,  the  add  salts,  instead  of  the  neutral 
salts,  were  generally  obtained,  due  to  the  hydrol3rtic  action  of  water  upon 
them.  The  properties  given  are  thus  the  properties  of  the  add  salts. 
In^eome  cases  no  record  at  all  can  be  found  of  the  preparation  of  any  am- 
mcmium  salt  of  the  organic  add.  Many  of  the  salts  also  contained  water 
of  <zrystallization. 

In  attempting  to  prepare  some  neutral  di-ammonium  salts  by  the  above 
'  For  previous  papers  on  this  subject  see:  Am,  Chem.  /.,  49,  84-87  (i9i3)l  Ckem^ 
News,  X08,  136-137  (1913);  Am.  Chem.  J.,  49,  294-301  (1913);  Chem.  News,  X08,  182- 
183,  193-194  (1913);  Tms  Journal,  36,  742-747  (1914)- 
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general  method,  Kdser  and  McMaster^  always  obtained  the  acid  salts. 
They  then  dissolved  the  organic  adds  in  absolute  ethyl  alcohol  or  ether 
and  conducted  a  stream  of  dry  ammonia  gas  into  the  solution.  By  this 
metkod  they  were  thus  able  to  prepare  neutral  di-ammonium  salts  of 
several  of  the  organic  adds.  I'  continued  the  preparation  of  neutral  am- 
monium salts  in  methyl  alcohol,  ethyl  alcohol  and  ether  and  studied  their 
properties,  many  of  which  were  found  to  be  different  from  those  described 
in  the  literattu^.  There  have  been  prepared  by  this  method,  in  this  lab- 
oratory, the  neutral  ammonium  salts  of  propionic,  butyric,  isobut3aic, 
isovalerianic,  caproic,  malonic,  succinic,  glutaric,  ethyl  malonic,  adipic, 
pimelic,  sebadc,  fumaric,  maleic,  itaconic,  citraconic,  mfsaconic,  tar- 
tronic,  malic,  tartaric,  racemic,  crotonic,  benzoic,  dnnamic,  o-phthalic 
and  m-phthalic  adds. 

The  work  on  the  preparation  of  neutral  ammonium  salts  of  organic 
adds  and  a  study  of  their  properties  has  been  continued.  There  have 
been  prepared  and  studied  the  neutral  ammonium  salts  of  palmitic, 
stearic,  oldc,  elaidic,  aconitic,  salicylic,  m-hydroxy  benzoic,  ^-hydroxy- 
benzoic,  />-methoxybenzoic,  hydrocinnamic,  hippuric,  o-toluic,  phenyl 
acetic,  mandeUc  and  uvitic  adds.  They  were  prepared  in  absolute  alco- 
alcohol  and  ether.    Several  were  prepared  also  in  acetone. 

Some  of  the  JEunmonium  salts  of  the  organic  acids  are  more  or  less  solu- 
ble in  alcohol,  and,  when  such  was  found  to  be  the  case,  they  were  gen- 
erally predpitated  from  a  saturated  solution.  Before  filtering,  ether  was 
generally  added  to  decrease  their  solubility.  As  a  rule,  the  salts  were 
generally  predpitated  in  a  crystalline  form  from  the  alcoholic  solution 
and  in  an  amorphous  condition  from  the  ethereal  solution.  On  passing 
ammonia  into  the  solutions,  there  are  frequently  formed  at  first  gdatinous 
or  mucilaginous  predpitates  which  generally  change  in  a  short  time  to 
crystalline  or  amorphous  powders.  This  happens  more  frequently  in 
the  ethereal  solution  than  in  the  alcoholic.  In  the  acetone  solutions 
so  far  studied,  granular  powders  are  formed  at  once  on  passing  in  the 
ammonia. 

In  the  following  work  the  neutral  ammonitun  salts  of  palmitic,  stearic^ 
oldc  and  daidic  adds  were  prepared  and  analyzed  by  Mr.  John  D»  Flem- 
uig»  Jr.     The  ammonium  salicylate  and  hipptu-ate  were  also  analyzed  by 
Mr.  Fleming,  to  whom  I  desire  to  express  my  sipoere  thanks. 
Of  the  Higher  Fatty  Acids. 

Ammonium  Palmttate, — On  attempting  to  prepare  the  neutral  ammonium 
salt  of  palmitic  acid  by  treating  the  add  with  ammonia,  Fremy*  obtained 
the  add  salt,  insoluble  in  cold  water.    The  neutral  salt  can  be  readily 
^  Kdser  and  McMaster,  Am.  Chem.  J.,  49,  84  (1913). 

*  Fremy,  Ann.,  36,  46  (1840). 
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prepared  by  passing  dry  ammonia  gas  into  an  ethereal  solution  of  the 
acid,  when  it  is  formed  as  a  very  voluminous,  white  gelatinous  precipi- 
tate. It  does  not  become  crystalline  even  after  passing  in  the  gas  for  three 
hours.  This  precipitate  was  first  filtered  by  suction,  washed  with  ether 
and  dried  in  the  air.  Prepared  in  this  manner,  it  lost  ammonia  and  turned 
to  a  yellow  curdy  substance  resembling  a  **soap.*'  The  freshly  precipi- 
tated substance  was  next  quickly  filtered  by  suction  on  an  alundum 
crucible,  placed  in  a  glass  tube  and  a  current  of  dry  ammonia  ccmducted 
over  it  to  remove  the  ether.  It  was  then  placed  for  a  few  minutes  in  a 
vacuum  desiccator  and  analyzed.  Determination  of  the  nitrogen  by  the 
Kjeldahl  method  proved  it  to  have  the  composition  of  the  neutral  salt. 
Calc.  for  Ci«HnO,(NH4):  5  i3%;  found:  516%  N. 

The  neutral  salt  when  first  precipitated  is  white,  but  soon  becomes 
somewhat  yellow.  It  is  not  hygroscopic,  but  loses  ammonia,  especially 
in  moist  air.  It  is  slightly  soluble  in  ether  and  petroleum  ether,  readily 
soluble  in  methyl  alcohol,  ethyl  alcohol  and  acetone,  and  insoluble  in  car- 
bon tetrachloride  and  benzene.  There  is  considerable  frothing  when  the 
salt  is  shaken  with  water. 

Palmitic  acid  was  also  dissolved  in  ethyl  alcohol  and  the  solution  treated 
with  ammonia  gas.  After  a  short  time,  a  crystalline  precipitate  was 
formed  which  went  into  solution  upon  the  addition  of  a  small  amount 
of  akohol.  The  solution  was  poured  into  a  crystallizing  dish  and  the 
alcohol  allowed  to  evaporate.  The  salt  obtained  was  at  first  pure  white, 
but  before  the  evaporation  was  complete  it  became  yellowish.  After 
the  alcohol  had  entirely  eva|X)rated  and  the  salt  became  dry,  it  had  the 
appearance  of  the  compound  prepared  in  ether.  It  had  lost  ammonia 
and  analysis  proved  it  to  be  the  acid  salt:  In  order  to  obtain  neutral 
ammonium  palmitate  it  was  thus  very  evident  that  the  salt  must  not  be 
exposed  to  the  air  for  any  length  of  time.  The  compotmd  prepared  in 
either  alcohol  or  ether  is  evidently  an  ammonium  "soap.*' 

Ammonium  Stearate. — Stearic  acid  was  dissolved  in  ether  and  dry  am- 
monia conducted  into  the  solution.  '  A  white  gelatinous  precipitate  was 
formed  which,  after  a  short  time,  appeared  to  be  somewhat  crystalline. 
Like  the  palmitate,  this  salt  loses  ammonia  in  ordinary  air,  and  it  was 
necessary  to  filter  it  very  quickly  by  suction  and  dry  it  in  a  current  of  am- 
monia gas.  The  salt  thus  prepared  is  not  hygroscopic,  is  stable  in  dry 
air,  but  loses  ammonia  in  moist  air.  It  is  practically  insoluble  in  ether, 
benzene,  carbon  tetrachloride  and  petroleum  ether,  but  very  soluble  in 
methyl  alcohol,  ethyl  alcohol  and  acetone.  It  froths  considerably  when 
shaken  with  water.  When  an  alcoholic  solution  of  the  acid  is  sattu-ated 
with  ammonia  gas  and  the  mixttu-e  allowed  to  evaporate  in  the  air,  there 
is  obtained  a  soapy  residue  which  anal3rsis  shows  to  be  an  acid  salt  instead 
of  the  neutral  salt.    This  is  due  to  the  fact  that  it  has   lost   ammonia 
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during  the  evapK^ution  of  the  alcohoL  When  a  small  amount  of  the 
neutral  salt  prepared  in  ether  was  dissolved  in  alcohol,  and  the  alcohol 
quickly  evaporated,  the  residue  was  partly  amorphous  and  partly  made 
up  of  needle-like  aystals.  We  have  with  the  stearate  another  example 
of  an  ammonium  soap. 

Determinations  of  the  nitrogen  by  the  Kjeldahl  method  gave  results 
slightly  higher  than  the  calculated  amount  for  the  neutral  salt.  This 
may  have  been  caused  by  a  small  amount  of  free  ammonia  not  being  re- 
moved, although  the  salt  was  placed  over  sulfuric  acid  in  a  vacuum  desic- 
cator. 

Calc.  for  CitH«Oj(NH4):  4-65%;  found:  4.80  and  4.81%  N. 

Ammonium  Oleate, — For  the  preparation  of  liquid-crystalline  ammo- 
nium (deate,  Lehmann^  has  made  the  neutral  anhydrous  ammonium 
oleate  by  passing  ammonia  gas  from  a  steel  cylinder  into  oleic  acid  until 
it  smells  strongly  of  ammonia.  If  this  preparation  is  fused  under  a  cover- 
glass  on  a  sUde,  and  ''  the  cooling  is  watched  under  a  microscope,  it  is  seen 
that  the  mass  solidifies  as  a  whole  to  small  needle-shaped  (rhombic?) 
crystals  of  a  labile  modificaticm.  These  are  soon  convoted  into  a  rather 
less  fusible  stable  modification  appearing  as  imperfectly  formed  (mono- 
clinic?)  leaflets.  Prom  alcohcdic  solution  these  latter  can  be  obtained 
as  relatively  large  crystals  with  sharp  edges."  Lehmann  also  states  that 
an  anhydrous  acid  ammonium  oleate  does  not  exist  and  that  solid  neutral 
ammonium  oleate  dissolves  in  oleic  add  from  which  it  crystallizes  out 
again  tmchanged.  The  neutral  anhydrous  ammonium  oleate  can  also 
be  prepared  by  conducting,  ftry  ati?rocip}»  gas  into  an  ethereal  solution  of 
oleic  acid.  At  first  there  is  formed  a  white  gelatinous  precipitate  which 
becomes  somewhat  crystaUine  after  running  in  the  gas  about  one  hour. 
It  is  impossible  to  filter  the  mixture  even  by  suction.  The  ether  was  re- 
moved by  a  current  of  dry  ammonia  gas  and  the  salt  finally  dried  in  a 
stream  of  dry  air.  It  is  very  deliquescent  and  loses  ammonia  easily  in 
moist  air.  When  shaken  with  water  it  forms  a  milky  suspension. 
Calc.  for  CitHwOi(NH4) :  468%;  found:  4.67%  N.     • 

When  it  was  found  that  the  ether  could  not  be  removed  by  filtration 
from  the  precipitated  salt,  the  mixture  was  poured  into  a  crystallizing  dish. 
When  the  ether  had  evaporated,  there  remained  a  very  viscous  liquid 
which  on  stirring  became  semi-solid.  During  the  evaporation  of  the  etiier, 
moisture  was  taken  up  by  the  gelatinous  precipitate  and  there  was  pre- 
sumably formed  neutral  ammonium  oleate  hydrate.  This  is  p«-actically 
what  was  observed  by  Lehmann*  in  the  preparation  of  liquid-crystalline 
ammonium  oleate — **If  we  continue  to  add  water  to  the  solid  anhydrous 

*  Siit,  b.  Heidelberger  Akad.  Wiss.,  1913,  A,  xiii;  Chem.  News,  108,  191  (1913). 
^LoccU. 
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crystals  of  ammonium  oleate  it  may  easily  be  seen  under  the  microscope 
that  when  the  amoimt  of  water  has  reached  a  certain  definite  limit,  the 
whole  mass  is  converted  into  the  syrupy  liquid-crystalline  modification. 
Thence  forward  no  needles  or  leaflets  of  the  anhydrous  modification  ap- 
pear; the  mass  has  become  neutral  ammonium  oleate  hydrate."  That 
the  mass  referred  to  above  will  take  up  moisture  readily  was  also  noted  by 
Lehmann  for — "it  is  sufficient  to  leave  the  preparation  uncovered  for 
some  time,  when  it  absorbs  moisture  from  the  air,  or  to  breathe  on  it." 

Amfnonium  Elaidate, — ^No  record  can  be  found  of  the  preparation  of 
this  salt.  Elaidic  add  was  dissolved  in  ether,  and  ammonia  passed. into 
the  solution.  A  glistening,  white,  gelatinous  precipitate  was  formed 
which  was  filtered,  washed  with  ether,  and  dried  in  a  current  of  dr>'  air. 
When  thus  dried,  it  became  an  amorphous  soap-like  substance.  Ammonium 
elaidate  can  also  be  prepared  in  alcohol  by  sattu-ating  an  alcoholic  solu- 
tion  of  the  add  with  ammonia  gas  and  allowing  the  alcohol  to  evaporate. 
Since  this  salt  loses  ammonia  slowly  in  the  air,  it  is  better  to  pass  the  am- 
monia gas  into  a  saturated  alcoholic  solution  of  the  add,  when  white» 
translucent  crystals  are  precipitated  at  once.  These  can  be  filtered, 
washed  with  ether,  and  dried  in  a  desiccator.  White,  cr3rstalline  flakes 
are  thus  formed.  •  The  salt  prepared  in  either  medium  is  not  deliquescent. 
The  salt  is  soluble  in  methyl  alcohol,  ethyl  alcohol,  acetic  add  and  ace- 
tone. Analysis  of  the  salt  prepared  in  ether  showed  it  to  be  the  neutral 
ammonium  elaidate. 

Calc.  for  CitH<tOs(KH4).-  4.68%;  found:  4.61%  N. 

Of  a  Tribflsic  Acid. 

All  the  previous  preparations  have  been  the  neutral  salts  of  monobasic 
and  dibasic  acids.  The  method  having  proved  so  very  applicable  in  these 
cases,  it  was  tried  on  the  preparation  of  a  neutral  ammonium  salt  of  a 
tribasic  add.  Neutral  ammonium  aconitate  was  prepared,  but  only  with 
difficulty,  on  account  of  it  being  so  very  deliquescent  and  losing  part 
of  its  ammonia  so  readily.  It  suffices  to  show  that  the  method  is  of  very 
general  appli<::ation. 

Anrnumium  AconiUUe. — Several  attempts  were  made  to  prepare  the 
neutral  ammonium  salt  of  aconitic  add.  When  ammonia  is  passed  into 
a  solution  of  the  add  in  ether  or  in  methyl  alcohol,  a  mucik^inous  pre- 
cipitate is  formed.  This  will  not  crystallize,  even  if  the  ammonia  is  con- 
ducted into  the  ethereal  or  alcoholic  solution  for  a  long  time.  A  white 
colloidal  predpitate  is  formed  if  the  ammonia  is  passed  into  a  solution  of 
the  add  in  ethyl  alcohol.  After  standing  four  days,  this  predpitate  settled 
out  mostly  as  an  amoq^us  powder,  but  a  small  part  of  it  was  gummy. 
It  was  not  analyzed.  Baup^  has  also  found  that  the  neutral  ammonium 
lip,  Ann.,  TTt  302  (1851).      . 
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salt  of  aconitic  add  will  not  crystallize.  The  salt  was  prepared  by  Baup 
in  aqueous  solution  and  allowing  the  solution  to  evaporate  to  crystalliza- 
tion. 

Ammonia  was  then  passed  into  a  satiated  alcoholic  solution  of  the 
add  to  which  a  smaU  amotmt  of  ether  was  added.  A  granular  predpitate 
was  now  formed.  This  was  quickly  filtered  by  suction,  washed  with  ether, 
and  placed  over  sulfuric  add  in  a  vacuimi  desiccator  for  a  short  time. 
Analysis  of  two  samples  of  the  salt  thus  prepared  gave,  respectively, 
16.08%  and  16.09%  of  nitrogen.  The  neutral  salt  of  aconitic  acid  con- 
tains 18.67%  nitrogen.  Since  this  salt  is  very  deliquescent  and  readily 
loses  ammonia,  it  was  again  prepared  as  just  described  and  placed  in  a 
desiccator  containing  sodium  hydroxide  instead  of  sulfuric  add.  Two 
analyses  of  this  salt  gave,  respectivdy,  18.63%  and  18.65%  nitrogen, 
showing  that  it  was  the  neutral  compound.  This  salt  gave  a  neutral 
solution  when  dissolved  in  water,  in  which  it  is  very  soluble,  but  soon 
hydrolyzes.  It  is  soluble  in  acetic  add,  slightly  soluble  in  methyl  and 
ethyl  alcohols  and  insoluble  in  ether. 

Of  the  Hydroxy-Benzoic  Acids. 

Amffumium  Salicylate, — Cahours^  prepared  the  normal  salt  of  sali- 
cyhc  add  by  evaporating  a  hot,  concentrated  solution  of  salicylic  add 
and  ammonia  water.  Upon  cooling,  the  ammonium  salt  oystallized  out 
in  scales.  A  dilute  solution  produced,  by  slow  evaporation,  glittering, 
silky  crystals,  which,  dried  in  the  air,  had  the  composition  NKUCtHsOs. 
The  salt  was  found  to  be  very  soluble  in  water;  by  dry  distillation,  it  de- 
composed into  water  and  the  amide  of  salicylic  add.  Marignac*  ob- 
tained this  salt  as  monoclinic  crystals  containing  0.5  molecule  of  water 
of  crystallization. 

When  ammonia  gas  was  passed  into  an  ethereal  solution  of  salicylic 
add,  white,  pearly  scales  were  formed.  An  aqueous  solution  of  the  salt 
was  neutral  and  produced,  with  ferric  chloride,  a  wine-red  color.  It  is  not 
deliquescent,  and  loses  ammonia  only  in  moist  air.  It  is  very  soluble  in 
water,  methyl  alcohol,  ethyl  alcohol  and  acetic  acid. 

Calc.  for  CtHjOjCNHO:  903%;  found:  904%  N. 

Ammontum'tn-Hydroxybenzoaie. — ^The  ammonium  salt  of  w-hydroxy- 
benzoic  add  was  first  prepared  by  Barth'  by  dissolving  the  add  in  dilute 
ammonia  water  and  allowing  the  solution  to  evaporate.  The  salt  crys- 
tallized in  needles  in  fascicular  aggregates  and  was  fotmd  to  be  very  solu- 
ble in  water.  It  contained  no  water  of  crystallization,  and  lost  ammonia 
if  dried  on  the  water-bath.  Analysis  of  the  air-dried  salt  showed  it  to 
have  the  formula  C7H6O3NH4. 

*  Cahours,  Ann.,  53,  336  (1844). 

*  Marignac,  Jahnsb.  Fortschritte  Chem.,  1855,  p.  485. 
«  Barth,  Ann.,  148,  36  (1868). 
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When  ammonia  gas  is  passed  into  an  ethereal  solution  of  m-hydroxy- 
benzoic  acid  imtil  a  portion  of  the  salt,  on  being  dissolved  in  water,  shows 
a  neutral  solution,  there  is  formed  a  white,  granular  precipitate  of  neutral 
anmionium  m-hydroxybenzoate.  When  the  ammonia  is  first  passed  in» 
the  precipitate  formed  is  very  mucilaginous.  The  salt  was  washed  with 
ether  and  dried  in  the  vacuum  desiccator.  It  is  not  dehquescent.  In 
dry  air  the  salt  is  stable,  but  loses  ammonia  in  moist  air.  It  is  soluble  in 
methyl  alcohol,  ethyl  alcohol  and  acetic  acid.  It  gives  no  color  with 
ferric  chloride.    The  salt  crystallizes  from  ethyl  alcohol  in  needles. 

This  salt  can  also  be  precipitated  in  acetone,  in  which  it  is  but  slightly 
soluble.  When  the  ammonia  is  passed  into  the  solution  of  the  acid  in 
acetone,  no  mucilaginous  precipitate  is  formed  at  first,  as  in  the  case  of 
the  ethereal  solution,  but  a  granular  powder  is  formed  at  once.  The  salt 
prepared  in  either  acetone  or  ether  slowly  hydrolyzes  when  dissolved  in 
water. 

Prepared  in  ether:  Calc.  for  CTHgOjCNHi):  903%;  found:  9.05%  N.     Prepared 
in  acetone:  Found:  9.02%  N. 

Ammonium  p-Hydroxybenzoate. — ^This  salt  has  been  prepared  by  neu- 
tralizing the  aqueous  solution  of  p-hydroxybenzoic  add  with  ammonia 
water  and  the  solution  allowed  to  evaporate.  It  crystallized  out  from  solu- 
tion in  long  prisms  and  contained  one  molecule  of  water  of  crystallization. 

This  salt  can  also  be  prepared  by  passing  dry  ammonia  gas  into  a  sat- 
tu-ated  alcoholic,  an  ethereal,  or  an  acetone  solution  of  the  anhydrous 
acid.  In  the  alcohoUc  solution  fine  needle-like  crystals  are  formed,  in 
the  ethereal  solution  a  gelatinous  precipitate  is  first  formed  which  turns 
to  an  amorphous  powder,  while  an  amorphous  powder  is  formed  at  once 
in  the  acetone  solution.  The  salt  was  filtered  by  suction  and  washed 
with  ether  in  each  case.  It  is  not  deliquescent  and  imparts  a  neutral 
reaction  to  water,  in  which  it  is  very  soluble.  It  slowly  hydrolyzes  when 
dissolved  in  water.  The  aqueous  solution  gives  no  color  with  ferric  chlor- 
ide. It  loses  ammonia  in  moist  air.  The  salt  is  readily  soluble  in  methyl 
alcohol  and  acetic  acid,  very  slightly  soluble  in  acetone  and  appreciably 
so  in  ethyl  alcohol.  It  is  insoluble  in  ether.  Analysis  was  made  of  the 
salt  prepared  in  ether. 

Calc.  for  CyHfcOaCNH*):  903%;  found:  905%  N. 

Ammonium  p-Metkoxybenzoate, — ^The  ammonium  salt  of  p-methoxy- 
benzoic  add  (anisic  add)  is  described  by  Laurent*  to  be  rhombic  plates 
of  the  composition  NH4C8H7O8.  When  kmmonia  was  passed  into  a  solu- 
tion of  the  acid  in  alcohol,  pearly  white  crystalline  leaflets  were  formed, 
which  were  filtered,  washed  with  ether  and  dried  in  a  vacuum  desiccator. 
The  salt  is  stable  in  the  air,  and  an  aqueous  solution  of  it  is  neutral  to- 
sensitive  litmus  paper.  It  is  not  ddiquescent  and  its  aqueous  solution 
^  Laiwent,  Berz.  Jahrb.,  23,  415. 
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does  not  hydrolyze.  It  is  readily  soluble  in  methyl  alcohol  and  acetic 
acid,  and  appreciably  so  in  ethyl  alcohol  and  acetone.  A  white,  curdy 
precipitate,  soluble  in  ammonia  water,  is  formed  when  silver  nitrate  is 
added  to  an  aqueous  solution  of  the  salt. 

Calc.  for  C8H70,(NH4):  8.29%;  found:  8.31  Sc  N. 

When  ammonia  gas  was  conducted  into  an  ethereal  solution  of  p-metli- 
oxybenzoic  acid,  there  was  first  formed  a  gelatinous  precipitate  which 
changed  to  a  fine,  crystalline  powder.  It  can  be  crystallized  from  ace- 
tone in  the  form  of  fine  feather-like  needles. 

Of  Some  Other  Aromatic  Acids. 

Amnionium  Hydrocinnamate, — Beilstein^  describes  this  salt  as  small 
leaflets,  easily  soluble  in  water  and  readily  losing  ammonia.  When  am- 
monia is  nm  into  an  ethereal  solution  of  hydrocinnamic  acid  there  is  formed 
a  white,  gelatinous  precipitate,  which  on  drying  changes  to  white,  lus- 
trous leaflets.  The  salt  thus  formed  is  the  neutral  ammonium  hydro- 
cinnamate, soluble  in  water,  methyl  alcohol,  ethyl  alcohol  and  acetic 
add.  It  is  insoluble  in  ether.  The  salt  is  slightly  hygroscopic  and  loses 
ammonia  in  the  air.  Ferric  chloride  forms  a  yellowish  precipitate  with 
an  aquesous  solution  of  it. 

Calc.  for  C,H,02(NH4):  8.38%;  found:  8.37%  N. 

On  account  of  the  great  solubility  of  this  salt  in  ethyl  alcohol,  it  cannot 
be  precipitated  in  this  medium.  Ammonia  was  run  into  a  solution  of 
2  g.  of  the  acid  in  ethyl  alcohol  for  one  hour,  the  alcoholic  solution  poured 
into  a  crystallizing  dish  and  allowed  to  evaporate  in  the  air  over  night. 
A  heavy  oily  substance  remained  instead  of  the  pure  salt.  This  oil  was 
acid  to  litmus  paper.  On  distilling  it,  ammonia  was  first  evolved,  then 
fumes  which  conaensed  to  a  white  solid.  The  merctuy  of  the  thermom- 
eter then  rose  to  260**  and  a  heavy,  refractive  oil  passed  over  which  redis- 
tilled at  245®  (uncor.).  Hydrocinnamic  acid^  is  easily  changed  partly 
into  its  ethyl  ester  of  boiling  point  247°  (cor.)  by  merely  dissolving  it  in 
ethyl  alcohol.  On  the  other  hand,  the  ester  just  as  readily  changes  back 
to  the  acid  by  the  moisture  of  the  air.  Ethyl  hydrocinnamate  is  also 
very  refractive.  The  oily  residue  which  was  obtained  above  by  allowing 
the  alcoholic  ammonia  solution  of  hydrocinnamic  acid  to  evaporate  in 
the  air  was  thus  a  mixture  of  hydrocinnamic  acid,  its  ammonium  salt, 
and  its  ethyl  ester. 

Ammonium  Hippurate. — A  salt  of  the  formula  NH4C9H8NO3.C9H9NO3  + 
HjO  was  obtained  by  Schwarz'  by  treating  hippuric  acid  with  an  excess 
of  ammonia.  He  was  unable  to  prepare  the  neutral  salt,  and  no  record 
of  its  preparation  can  be  found.     When  ammonia  gas  was  run  into  a  satura- 

*  Gjacosa,  Hoppe-Seylcr's,  Z.  physiol.  Chetn.,  8,  109  (1883). 

*  Erienmeyer,  Ann,,  137,  330  (1866). 

*  Schwarz,  Ann.,  54,  37  (1845). 
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ted  alcoholic  solution  of  hippuric  acid  to  which  was  added  a  Stiiall  amount 
of  ether,  glistening,  pearly,  white  laminae  were  formed.  These  were  fil- 
tered on  an  alundum  crucible  and  washed  with  ether.  The  salt  is  stable 
in  dry  air  but  loses  ammonia  slowly  in  moist  air.  It  is  not  deUquescent, 
and  an  aqueous  solution  of  it  is  neutral.  It  is  soluble  in  methyl  alcohol 
and  ethyl  alcohol.  It  is  somewhat  soluble  in  acetone,  from  which  it  crys- 
tallizes in  beautiful  needles.     It  is  insoluble  in  ether. 

Determination  of  the  total- nitrogen  by  the  Kjddahl  method  proved  it 
to  have  the  composition  of  the  neutral  salt. 

Calc.  for  CjHaNOaCNH^):  1429%;  found:  14.30%  N. 

Ammonium  o-Toluate. — This  salt  cannot  be  precipitated  by  passing  am- 
monia into  an  alcohoHc  solution  of  the  acid  on  accotmt  of  its  great  solu- 
bility in  the  alcohol.  When  the  solution  is  evaporated,  crystalline  meedles 
are  formed.  A  fine,  white,  crystalline  precipitate  is  formed  if  the  gac  is 
passed  into  an  ethereal  solution  of  the  add.  The  salt  is  not  deliquescent 
but  is  readily  soluble  in  water,  giving  a  neutral  solution.  The  salt  is  stable 
in  dry  air,  but  loses  ammonia  slowly  in  moist  air.  It  is  soluble  in  methyl 
alcohol,  ethyl  alcohoU  acetic  acid  and  acetone.    . 

Calc.  for  CaHyOiCNH*)-.  915%;  found:  915%  N. 

Although  some  of  the  salts  of  o-toluic  add  have  been  prepared  and 
studied,  no  mention  of  the  neutral  ammonium  salt  can  be  found. 

Ammonium  PhenylacetcUe, — ^This  salt  was  prepared  by  Moller  and 
Strecker^  by  dissolving  the  acid  in  ammonia  water  and  allowing  the  solu- 
tion to  evaporate  to  crystallization.  The  salt  was  obtained  only  with 
difficulty  on  account  of  its  great  solubility.  Fine,  white  needles  are  formed 
if  ammonia  gas  is  conducted  into  a  saturated  alcohoHc  solution  of  phenyl 
acetic  add,  while  a  fine,  white,  semi-crystaUine  predpitate  is  formed,  if 
the  ammonia  is  run  into  an  ethereal  solution  of  the  add.  Before  filtering 
oflF  the  crystals  formed  in  the  alcoholic  solution,  it  is  necessary  to  add  ether, 
for  they  are  quite  soluble  in  the  alcohol.  The  salt  is  fairly  stable  in  the 
air,  losing  its  ammonia  but  slowly  in  moist  air.  The  salt  does  not  deli- 
quesce, and  imparts  a  neutral  reaction  to  a  water  solution  of  it.  It  is 
very  soluble  in  water,  methyl  alcohol  and  acetic  acid,  but  only  sUghtly 
so  in  acetone. 

Prepared  in  alcohol:  Calc.  for  C»H,Oa(NH4):  9.15%;  found:  9.12%  N.     Prepared 
in  ether:  Found:  9.15%  N. 

Ammonium   Mandelate, — ^This  salt   was   first  prepared   by  Winckler* 

by  treating  an  aqueous  solution  of  mandelic  add  with  ammonia  water 

and  allowing  the  solution   to  evaporate  slowly.     The  ammonium  salt 

crystallized  out  only  with  difficulty  as  a  yellowish  white,  soft  mass,  ex- 

'  Moller  and  Strecker,  Ann.,  113,  66  (i860). 

*  Winckler,  Ann.,  18,  317  (1836). 
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tremely  soluble  in  water  and  in  alcohol.     Duparc  and  Pearce^  prepared 
the  salt  in  the  form  of  rhombic  prisms. 

The  nenti^  ammonium  salt  of  mandelic  add  was  prepared  by  the  usual 
method  in  ether.  When  the  ammonia  was  added  there  was  first  formed 
a  white  mucilaginous  precipitate  which  soon  changed  to  a  fine  crystalline 
powder,  very  soluble  in  water,  methyl  alcohol,  ethyl  alcohol  and  acetic 
add,  but  insoluble  in  ether  and  acetone.  The  salt,  being  very  ddiquescent 
in  the  air,  was  quickly  filtered,  washed  with  ether,  and  dried  for  a  short 
time  over  sulfuric  acid  in  a  vacuum  desiccator.  It  gave  a  neutral  solu- 
tion when  dissolved  in  water.  It  loses  ammonia  in  moist  air.  The  salt 
can  be  crystallized  from  ethyl  alcohol  in  aggregates  of  fine  needles. 
Calc.  for  CHtOiCNHO:  8.28%;  found:  8.29%  N. 

Ammonium  Uvitak, — No  record  can  be  foutjd  of  the  preparation  and 
properties  of  this  salt  other  than  being  mentioned  by  Finck*  that  it  is  im- 
possible to  precipitate  it  out  of  its  aqueous  solution  by  alcohol.  When 
dry  ammonia  gas  was  run  into  an  alcoholic  solution  of  uvitic  acid,  no  pre- 
cipitate was  fcHined.  Upon  the  addition  of  ether  to  this  solution  a  white, 
flocculent  predpitate  was  formed.  This  was  filtered  by  suction,  keeping 
the  alundum  crudble  filled  with  ether  to  prevent  the  salt  going  into  solu- 
tion on  account  of  the  alcohol  present.  The  salt  dried  in  a  vacuum 
desiccator  to  an  amorphous  powder.  It  is  readily  *  soluble  in  water 
to  which  it  hnparts  a  netttral  reaction.  It  is  soluble  in  methyl  alcohol, 
ethyl  alcohol,  and  acetic  acid,  slfghtly  soluble  in  acetone  and  insoluble  in 
ether.  The  salt  is  not  deliquescent.  The  salt  prepared  in  ether  had 
these  same  properties,  and  analysis  showed  it  to  be  the  neutral  ammonium 
salt  of  uvitic  acid. 

Calc.  fbr  C.H«04(NH4)j:  1308%;  found:  1310%  N. 

This  investigation  is  being  continued  with  other  organic  acids,  especially 
the  substituted  adds. 

St.  Louis.  Mo. 
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By  H.  W.  Brubakbr. 
"T         Becetved  June  25.  1^14. 

Cohn,  in  his  "Indicators  and  Test  Papers,"  states  that  the  coloring 
matter  from  roses  {Ro^a  Gallica)  gives  a  deep  red  with  green  fluorescence 
in  alkalies  and  light  red  in  acids.  I  found  that  the  coloring  matter  from 
Rosa  rugosa  gives  a  green  color  in  alkalies,  red  in  adds  and  coloress  be- 
tween these  two.  The  coloring  matter  was  extracted  by  triturating  the 
petals  in  a  mortar  with  some  sea  sand  and  95%  alcohol.  This  was  then 
filtered  and  the  filtrate  evaporated  to  dryness  somewhat  above  room  tem- 

»  Duparc  and  Pearce,  Z.  Krysi.  Min.,  27,  61  r. 

^Pinck,  Ann.,  m,  i86XiS6i). 
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peratur^.  Upon  taking  the  red  ooloritig  matter  up  in  wat^r,  Inost  ^of'tho 
fatty  substances  were  left  undissolved.  This  water  extnutt  was  of  a  very 
bright  fed  color.  To  preserve  the  solution^  enough  alooholHwas  added 
to  make  a  50%  alcoholic  solution.'  The  addition  of  the  alcohol  partly 
decolmzed  the  solution.  This  solution,  when  used  as  an  itiGbcator,>  was 
changed  to  green  bye.  i  N  NaOH  and,  upon  titratimg  with  o-.  i  A^  HCl; 
went  through  a  blue  greeh  to  colorless  and  then  to  pink  ih  Iheacsd  sblur- 
tion.  The  neutral  point  was  ooinddent  with  the  colorless  point  which 
was  changed  to  either  green  or  pink  by  i  drop  of  0.1  N  NaOH  cm"v  0,1  N 
HCl,  respectively.  The  fact  that  the  neutral  point  is  coloii^ss  isproba^ 
bly  due  to  the  mutual  destructioii  o(  the  coming  pdnk  by  the  going  green 
or  vice  versa. 

Upon  titrating  a  o.a  g.  sample  of  sodium  bicarbonate  with  o.i  N  hydro- 
chloric acid,  usijag  methyl  orange  a$  the  indicator,  there,  were  requM^ed 
24.8  cc.  of  the  acid.  Upon  repeating  the  titration,  usiog  the  rose  extract 
as  indicator,  the  correct  end  point  was  not  recorded  unljess  the  solution 
was  boiled  to  drive  off. the  parbon  dioxide,  in  whiph  case  exactly  the  ^ame 
amount  (24^8  cc.)  of  the  acid  was  required  to  give.ithe  colorle9$. points 
This  indicator,  therefore,  behaves  like  phenolphthalsin  toward  .  carbon 
dioxide.  It  is  a  w^  acid  ^ubstaooe..  Rose  test  paper,  made  by  dippmg 
filter  paper  into  the  solution  and  drying,  changed  from  green  in  alkalies 
to  red  in  ackl$.  It  was  found  to  be  sensitive  to  i  part  of  NaOH  in  asiooo 
parts  of  water.  The  extracted  coloring  matter  from  several  other  species 
of  roses  behaved,  in  general,  like  the  one  described  above^ 

The  coloring  matter  from  the  Perennial  Pea  (LathyrHs  iMtifplius  .h) 
behaved  in  a  manner  similar  to  that  from  the  rose,  giving  a  grjeen  color 
in  alkalies  red  in  acid^  and  colorless  at  the  neutral  point.  This  substance, 
when  extraqted  from  the  blossoms  with  95%  alcohol,  gave  a  nearly  polor- 
less  solution,  which  acquired  a  slight  pink  color  on  standing  and  which 
developed  color  very  sharply  in  either  acids  or  alkalies. 

The  coloring  matter  from  the  Iris  (Blue  flag),  extracted  as  described 
above  with  alcohol  a^d  pyapvratfd.ta^fy^ess,  fgfky^  a  purple  substance 
which  was  taken  up  in  water  to  sep^^te  it  from  fatty  substances.  This 
coloring  matter  changed  to  green  in  alkalies  and  red  in  acids  and,  like  the 
rose  color,  gave  a  colprless  solution  at  the  neutral  point.  The  alcoholic 
extract  obtaix^ed  fronj  the  p^r{>le  Vetch  gave  the  same  color  jch^f^. 
The  principal  coloring  substance  of  each  of  the  above  f^ower^  seems  P^  be 
the  sam^,  or  very  closely  related  chemically,  as  it  behaves,  in  general, 
the  same  in  all  cases  toward  acids  and  alkalies^  It  i^  proba,bly  ,the  same 
^bstance  as  found  in  the  hollyhocks  and  dahlia,  which  is  described  to^ 
Cohn..  If  the  original  alcohoUc  extract,  of  certain  ,varietie$  of  roses.  13 
evaporated  on  a  water  bath,  glucosides  present  decompose,  giving  rise 
to  a  large  amount  of  caramel  which  obscurer  the  natural  red  coloring 
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matter.  •  TIm  petUs  6f  most  flowers,  especioily  the  Mue,  red;  pink,  ptirple, 
eto^y  one 9  dmnge  cblov  when  'placed  in  alkaline  solutions  amdi  bade  to  the 
original  color  or  to*  some  shade  of^keA  when' placed 'in -aeids/ 
"iFhe*  f (blowing'  tkble  ^vfc^  a  Ii?^t  df  sbm^  changes  hoted : 

Flower.'     '  •■     '•■        .••.•..     '''tnNH^o'Hl 

Criitisoh  gerahitiiii  ...'..■...!'.'.-...!'../.''  d£aV  purple 

Oran^red  geranium;  •.  ..•.':.'.'. bright  purple 

Manha  Washington  geiatiiunrj. »' ^.  blue  to  greenish  blue 

VfJljteigewivm... ...k.  ,....;„...,...,.  yqUow 

Mock  orai^e  (whitp) ^ ,, yellow 


In  HCl. 

bright  red 
orai^ge-red 

whij^  ,.. 
white, 
white* 
red 


White  pansy canary  yellow 

Purple  pansy.  .'.'■  '. .  •.*.'! ."...'.. '.:'. .' '  greenish  blue  ' 

Dark  red  pansy dark  blue-green  (almost  black)  red 

Yellow  pansy no  effect  no  effect 

IkfiatfH  4a4<l^l0wttiltt  ill     xl'/'i    r'A^l  Ittr^/VeM^w  Ubchinged-  M  1  < !  <  »lil«:llaiigedi 


red  ,9919*=^  WV^^fMOr  • 
Ll'U  iV.     Mr 


)  7  !  1  *  ' 


thfiibroyn^s^j^diq^fif^     I 

Dandelion  (yellowj no  effect 

Phlox olive  green 

Begonia dark  blue 

Nasturtium through  olive  green  to  brown 

F*etunia ."....' greenish  blue  to  green 

Rfedrose greenish  blu*  to  green 

White  CQsei .  < . . ....:. ^  yeUow;  , 

C|U  l«;af  iftaHow, , , blue  |    . 

Red  poppy , . . , purple 

Field  larkspur green 

Wtch. .....! .';:.:..'..... :  green 


Bind  weed 


f  White .'.'. .'; yeHow- 

\  pink .. .  .V green 


pink. ,,,,..., lavender  . 

crimson ., purple 

blood  red "....!   dark  brown  (almost  black) 

yellow. .'.' '.'  lib  effect '  '     '  *.'"'' 

Bachelor  button  (purple) v . . .  Mue •• 

whitp ff ^  yellow    .1  |    , 

red. •  . . .  green 


PAvtuloCa 


Clover 


,<^^^geai 
,tp  |)lood  red 

ho  effect 

red 

red 

orange-retl 

purple-red 

red 

white. . 

red  . 

red 

red 
Ved 

white 

pink 

pink 

crimson 

blood  red 

no  effect 

red 

white 

red 


•Pt* "is  noticeable  that  tht  yeflbws  are  not  affected'  by 'adds  or  alklalies. 
The  whites^  ai«  changed  tb  yfellow  by  alkklies  and  back  t6  white  again  in 
acids.  'Ill     •' '         '       ! .  ' 

:  Tht,.n^  wd  purpks.aw  .changed,  to  sqme  shade  of  gf^en  or  grepnigh 
blue  by  alkalies  and  usually  back  to  the  original  color  or  a  brighter  red 
color  by  adds.  These  natural  coloring  substances  seem  to  be  quite 
generally  acid  in  character,  in  some  cases  neutral. 

When  it  is  observed  that  a  certain  flower  or  species  of  flower  presents 
several  different  colors  or  sha^des  of  color,  the '  que^iirfit  naturally  arises, 
does  each  of  these  colors  represent  a  diff^r^pt  ghemicaL  compound  ? 
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Jud^g  from  the  above  observations,  it  seems  likely  that  nature  makes 
tise  of  comparatively  few  basal  ooloring  subatanees  with  which  to  produce 
many  different  colors  by  means  of  slight  chetnical  changes^  These  sub- 
stances are  generally  acid,  sometimes  neutral  in,  character,  and  generally 
change  color  in  acids  and  alkalies,  alternately,  acting  as  indicators.  It 
is  noticeable  also  that  many  of  them  are  very  sensitive  to  the  action  of 
light  and  air*  The  faintly  colored  alcoholic  solutions  of  the  Rose  or  the 
Perennial  Pea,  when  evaporated  to  dryness,  leave  the  bright  red  colored 
substance.  The  pink  blossoms  of  the  Perennial  Pea,  when  picked  and 
allowed  to  wilt,  change  to  a  violet  color.  The  whole  subject  of  natural 
coloring  matters  deserves  a  careful  study  from  the  chemical  standpoint. 

Manhattan,  Kansas. 


THE  PERIODIDES  OF  ACID  AMIDES  AND  THEIR  ADDITION 

PRODUCTS  WITH  METALLIC  SALTS.    SUBSTANCES  OF 

EXCEPTIONALLY  HIGH  MOLECULAR  WEIGHT. 

By  p.  J.  MooRB  AND  Ruth  M.  Thomas. 
Received  July  15.  1^14. 

It  is  well  known  that  many  organic  bases  form  periodides  usually  con- 
taining more  or  less  hydriodic  acid,  and  that  these  substances,  in  their 
ttun,  form  double  compounds  with  metallic  salts.  The  literature  of  such 
substances  is  extensive  and  widely  scattered,  and  no  complete  review  of 
it  will  be  attempted  here.  It  will  be  sufficient  to  call  attention  to  the  work 
of  Geuther^  who  reviewed  most  of  the  work  of  others  done  up  to  this 
time;  and  that  of  Francois,'  who  devoted  his  attention  chiefly  to  the 
periodides  of  the  alkaloids.  Little  seems  to  have  been  done  in  the  direc- 
tion of  preparing  periodides  of  substances  of  the  amide  type,  though 
Hoogewerff  and  van  Dorp'  studied  the  action  of  alkali  and  bromine 
upon  the  amide  of  benzene-tn-disulfonic  acid  and  observed  the  forma- 
tion of  a  perbromide,  2C«H4(S08NBr2)a  +  KBr  +  HBr.  Hofmann* 
noticed  that  acetamide  formed  a  compound, 

CHaCONBr,  +  NaBr  f  H,0. 
Titherley*  observed  the  formation  of  double  salts  of  acetamide  such  as 
2CH,CONH2,  NaBr  and  aCIJa.CONHj,  Nal;  and  Andri^  fused  acetamide 
with  various  metallic  salts  and  obtained  diff^ent  products,  such  ^s 

2CH3CONH2.CoCl2.H,0 ; 
and  Wheeler'  also  prepared  some  colored  perhalide^of  acid  sinilides  of 

1  Ann.,  340,  66  (1887). 

'  J.  pharm.  et  chim.,  [6]  30^  193  (1909). 

•  Ret.  trav.  ck$m.»  8,  173  (1889). 

•  Ber.,  15,  415  (1882). 

'  J.  Chem.  Soc.,  79,  413  (i9o0- 

•  Jahresh.  Chem.,  1886,  p.  1303;  Compt.  rend.,  102,  115  (1886). 
'  Am.  Chem.  J.,  18,  85  (1896);  X9»  672  (1897). 
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the  general  type  An.HI.Is  and  An«.HI.l4.  Periodides  of  sucdnimide  and 
its  phenyl  derivatives  have  also  been  prepared  by  Piutti.^  These  com- 
pounds had  the  general  formula  S4.KI.3I  and  Sj.KI.al.  Finally  there  re- 
main to  be  mentioned  some  derivatives  of  benzamide  prepared  by  Cur- 
tius,^  which  will  be  discussed  further  on. 

With  the  exception  of  the  compounds  mentioned  by  Curtius,  Piutti, 
and  Wheeler,  substances  of  the  properties  described  in  the  present  paper 
seem  not  to  have  been  prepared,  which  is  rather  remarkable  in  view  of 
the  ease  with  which  they  are  formed  and  their  rather  striking  physical 
properties.  Their  preparation  in  this  laboratory  was  in  a  certain  sense 
accidental.  In  the  cotu"se  of  an  investigation  upon  the  behavior  of  benz- 
bromoamide,  which  has  been  going  on  here  for  several  years,  it  seemed 
desirable  for  purposes  of  comparison  to  prepare  benziodoamide.  The 
method  chosen  was  analogous  to  that  hitherto  in  use  for  the  preparation 
of  the  bromine  compound.' 

Iodine  was  dissolved  in  cold  alkali  and  benzamide  was  dissolved  in 
the  freshly  prepared  solution.  On  acidification  with  dilute  acetic  acid, 
there  was  precipitated,  not  the  colorless  iodoamide  which  had  been  ex- 
pected, but  a  dark  green  compound  which  preceded  the  precipitation  of 
free  iodine.  It  was  found  on  experimentation  that  this  substance  could 
be  best  purified  by  solution  in  ether  and  subsequent  dilution  of  this  solu- 
tion with  benzene.  In  this  way  the  material  was  obtained  in  long,  green, 
hairlike  needles  of  coppery  luster.  Later  on,  it  was  found  that  the  use 
of  alkali  in  the  preparation  was  not  necessary,  and  that,  inasmuch  as  the 
product  consisted  only  of  benzamide,  alkali  iodide,  and  free  iodine,  the 
compounds  could  be  readily  prepared  by  heating  together  these  ingre- 
dients in  water. 

Substances  of  this  type  were  prepared  in  considerable  number  and 
showed  many  properties  in  common.  They  were  for  the  most  part  im- 
mediately decolorized  when  shaken  with  metals  such  as  silver  or  mercury, 
or  upon  the  addition  of  alkali  or  sodium  thiosulfate.  The  products  formed 
were  the  amide  and  metallic  salts. 

The  simplest  compounds  were  obtained  either  as  addition  products 
of  amide,  sodium  or  potassium  iodide,  and  iodine,  or  else  of  amide,  hydri- 
odic  acid  and  iodine,  and  the  analysis  showed  that  a  few  simple  types, 
suchas(C«H5CONH2),HI.l2,(C«H5CONH2)8NaI.l2,and(QH5CONH2)3KI.I, 
were  formed. 

Solutions  of  the  above  compounds  were  treated  with  solutions  of  inor- 
ganic salts  of  other  metals,  in  the  expectation  that  the  less  soluble  de- 
rivatives of  the  latter  might  be  precipitated  by  metathesis.    This  was 

'  Gasz.  chim.  ital.,  35,  II,  524  (1895). 

*  Ber.,  23,  3040  (1890). 

*  Moore  and  Cederholm,  This  Journal,  aS,  1190  (1906). 


Digitized  by  VjOOQIC 


I930  F.   J.   MOORB  AND  RUTH  M.  THOMAS. 

not  the  case,  but  analogous  compounds  of  barium  and  copper,  for  example, 
could  be  formed  by  warming  the  corresponding  iodide  with  benzamide 
and  iodine  in  water. 

Substances  of  still  a  different  type  were  formed  when  iodides  of  lead 
or  mercury  were  warmed  with  benzamide,  iodine,  and  potassium  iodide. 
In  these  cases  a  product  crystalUzed  out  which  exactly  resembled  in  ap- 
pearance the  simple  potassium  compound,  but  which  also  contained  the 
heavy  metal.  This  could  not  be  removed  by  recrystallization,  and  anal- 
ysis leaves  little  reason  to  doubt  that  the  substances  concerned  are  really 
"double"  or  "complex"  salts,  of  the  composition 

((CeHfiCONHOsKI.lOePbls 
and 

((C«H5CONH2)3KI.I,)6Hgl2. 

From  similar  indications,  it  was  at  first  thought  that  analogous  com- 
pounds, in  which  hydriodic  acid  replaced  the  potassium  iodide,  might  be 
capable  of  existence.  Since  these  products,  however,  on  further  purifica- 
tion showed  a  constant  decrease  in  amount  of  heavy  metal  present, 
it  is  evident  that  such  compounds,  if  they  exist,  are  hardly  stable  enough 
for  analysis. 

The  striking  thing  about  the  compounds  mentioned  is  their  high  molecu- 
lar weight.  It  will  be  seen  that,  for  the  lead  compound,  this  reaches  the 
value  5160,  while  the  mercuric  salt  has  a  molecular  weight  of  not  less  than 
5152.  In  a  series  of  synthetic  experiments  on  the  tannin  group  Emil 
Fischer^  has  recently  prepared  a  complex  derivative  of  maltose,  which 
has  a  molecular  weight  of  4021,  and  which  he  describes  as  the  compound 
having  the  highest  molecular  weight  of  any  hitherto  prepared  by  organic 
s}mthesis.  The  compounds  here  described  are  not,  of  course,  *' products 
of  synthesis"  in  the  same  sense  as  those  described  by  Fischer,  all  of  which 
have  been  built  up  step  by  step,  and  to  which  there  can  be  assigned  definite 
constitutional  formulae.  They  are,  on  the  other  hand,  loose  addition 
products  of  the  ** complex"  variety,  and  are  more  or  less  dissociated  in 
solution.  Most  of  them,  indeed,  lose  iodine  in  solution  or  in  vacuum, 
and  some  frequently  lose  hydriodic  acid;  and  it  is  doubtless  a  fact  that 
their  various  components  are  held  together  by  subordinate  valences, 
in  a  sense  analogous  to  the  compounds  which  have  been  so  extensively 
studied  by  Werner.  Nevertheless,  it  is  interesting  that  chemical  com- 
plexes of  such  magnitude  of  any  kind  should  be  capable  of  isolation  and 
stable  enough  to  be  recrystallized  and  analyzed. 

The  reactions  above  indicated  yield  analogous  products  with  some 
other  amides,  both  simple  and  substituted,  but  in  the  case  of  the  simple 
amides  the  reaction  does  not  seem  to  be  as  general  as  was  at  first  supposed. 

>  Ber.,  46,  3288  (1913). 
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Most  of  the  aniUdes  prepared,  hoiveveri  $bow  tfae  reaction  ^elL  The  capa- 
city of  forming  these  compounds  seems  to  be  exceptipneUy  highly  de- 
veloped in  the  case  of  benzamide^  and  it  is  here  that  it  has  received  most 
study.  Many  tests,  however,  have  been  made  with  a  variety  of  com- 
pomids,  but  it  has  not  proved  pmcticableiup  to  the  present  time  to  lay 
down  any  rule  which  might  connect  the  .capacity  foi;  the  forraatiqn  of 
these  p^riodides  with  the  constitution  of  the  amide  employed.  It  is  possi- 
ble that  some  sqch  regula^^ty  may  be  develpped, later. 

Analysis. — ^Wheri  these  compounds  were  to  be  analyzed  the  substances 
determined  were  usually  total  iodine,  active  iodine,  and  the  metal,  when 
present.  Total  iodine  was  almost  universally  determined  by  the  Carius 
method,  except  when  the  presence  of  some  other  component  suggested  a 
difficulty.  Active  iodine  was  usually  determined  by  adding  water  and 
benzene  to  the  sample  and  then  titratiag  with  sodium  thiosulfate  until 
the  pink  color  of  iodine  disappeared  from  the  benzene  layer.  Here  it 
was  fotmd  that  the  addition  of  potassium  iodide  in  considerable  excess 
at  the  outset  made  it  possible  to  titrate  mor^  tapidly,  but  did  not  chsingie  the 
numerical  result,  except  in  one  or  two  cases^,  which  are  not  even  yet  clearly 
understood.  They  will  be  mentioned  fn  the  experimental  part.  Metils 
were  usually  determined  by  the  methods  customaiy  in  such  cases.  When 
the  methods  of  determination  call  for  fecial  consideration,  they  will  be 
discussed  under  the  individual  compounds. 

Experio^ntal  Part. 

Petiodidkfs  6j  Beneamide, 

Benzamide,  Sodium  Iodide,  and  Iodine. — As  indicated  above,  this  sub- 
stance was  first  prepared  by  dissolving  iodine  in  sodium  hydroxide,  adding 
finely  ground  benzamide  and  acidifying  with  acetic  acid  in  ice-cold  solu- 
tion. It  was  soon  found,  however,  that  warming  was  advantageous, 
as  it  brought  more  iodine  and  benzamide  into'  solution,  and  no  decomposi- 
tion was  to  be  feared.  A  typical  preparation  is  tiie  fallowing :  1.5  g.  of 
benzamide  were  warmed  with  16  cc.  of  10%  sodium  hydroxide  solution 
^d  3  g.  of  iodine.  On  precipitation  with  dilute  acetic  acid  2.6  g.  of 
crude  product  separated.  This  was  purified  by  solution  in  ether  and 
careful  dilution  with  behzene,  whereupon  the  prodiict  crystalKzed  in  long 
coppery  green  hairs.  Yield;  2.15  g.  The  second  crystalHzlation  yielded 
1.30  g.  of  good  product.  The' product  was  dried  over  sulfuric  add  and 
had  no  odor  of  iodine  when  analyzed. 

Calc.  for  (Cl«H*CONH'0sNaI.i,:  l»5rd'=  3.it)%;  active  t  =  33.11;  V6tal  I,  =  49.67. 
Pound:  2.92/3.65.  2.75,  3.ir2;  322^,  ii!85,  3373;  and  48.91,  48.77.J     '  >  ' 

There  seems  to  be  little  doubt  biit  that  this  substance  was  once  in  the 
hands  of  Curtius.     He  prepared  it  by  suspending  the  sodium  s^lt  of 
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benzamide  in  chlcn-oform  and  adding  iodine.  He*  opparehtly  ovtertodcdd 
the  sodium  content,  and  he  arbitrarily  assigned  the  formula  /  <<  > 

'  CeHftCO.NHj:!  /'        '*'' 

to  the  product,  stating  that  he  was  unable  to  get  concordtlnt  rfefitiltson 
analysis.  In  order  to  test  this  assumption  we  prepared  the  sattie' com- 
pound by  treating  sodium  benzamide  with  iodine  in  ether.  The  ptoduct' 
had  the  same  appearance  as  the  substance  previously  obtained  and  a 
sodium  determination  gave  2.44%  sodium.  Curtius  had  abeady<db<> 
served  that  the  product  lost  iodine  when  it  was  shaken  with  metallic  mer*-! 
cury.  We  verified  this  fact,  and  found  that  molecslar  silver  produeed 
the  same  result.  It  was  also  decolorized  by  the  action  of  atniline.  Wb^n 
treated  with  trimethylphenylammonium  iodide,  the  periodide, 

(CH3),C«Hs.NI.l2  ;; 

was  formed  and  benzamide  could  be  isolated.  Alltlf^  reactions  show 
an  easy  removal  of  the  iodine  from  the  rest  of  the  molecule,  indi9atiqg  ^\^t^ 
it  is  held  simply  as  in  a  loose  addition  product.  It  will  be  peen,  later  thoX 
these  periodides  show  varying  degrees  of  stability  in  t;his.  |-espectr.  3o4ium 
thiosulfate  also  removes  the  iodine  rapidly,  and  this  i:eaction  was  made, 
use  of  in  the  determination  of  active  iodine  ip  these  compounds.    , 

Benzamide,  Potassium  Iodide  and  Iodine. — ^Most  of  the  product  was 
obtained  by  a  method  analogous  to  that  Arst  described  for  the  sodium 
compound,  but  later  it  was  observed  that  it  was  necessary  only  to  warm 
the  three  substances  together  in  water  until  they  became  entirely  liquid. 
In  one  preparation  3  g.  of  benzamide  were  warmed  with  i  g.  of  potas- 
sium iodide  and  2.4  g.  of  iodine  in  25  cc.  water.  On  cooling,  a  pulpy 
mass  of  greenish  crystals  filled  the  liquid.  These  were  collected  on  a 
filter,  dried,  washed  with  carbon  tetrachloride  to  remove  any  exce^  of 
iodine,  and  finally  purified  by  solution  in  ether  and  crystallization  b!y  the 
carefid  addition  of  benzene.  The  product  consisted  of  fine  ^eeri  hsurs, 
which  melted  at  128^-130°.  ^  .    .•  1.    i  ., 

Calc.  for  (CeH*CONH,),KI.I,:    K  -  4.9«,  acUve  I   =  3244;  totfl,][.«  48.66, 
Found:  5^7,  5.61,  5.50;  30.01,  29.90,  30.74,  30.80;  and  49-97^  49.60. 

These  results  speak  for  a  slight  loss  of  active,  iodiqe  during  6xyipg,> 
No  other  rational  formula  corresponded  qAdte  so  well  wjitb  the  results, 
of  the  analysis.  ,    ;   .   i.    „,  ,   ,, 

It  was  found  that  the  formation  of  the  periodides  was  pot  limited  to 
aqueous  solvents.  Thus  2  g.  of  benzamide,  1.3  g.  of  potassiuip  iodide, 
and  3.1  g.  of  iodine,  when  warmed  together  in  10  cc.  nitrobenzene,  yielded 
3.9  g.  of  an  addition  product  which  was  apparently  identical  wi^^tHat 
described. 
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Bengamide,  Palasstum  Bromide  and  Bromine, — ^Two  grams  of  bromiiie 
were  added  to  a  mixture  of  i  g.  of  potassium  bromide,  4  g.  of  benzamide, 
and  15  cc.  of  water.  The  solid  benzamide  was  instantly  coated  with  a 
redklish  siibstanee.  When  warmed  on  the  steam  bath  the  sc^d  dissolved. 
Rapid  cooling  resulted  in  the  separation  of  beautiful  green  crystals  which 
filled  the  tube.  When  dried  these  crystals  were  brick-red  with  a  purple 
luster,  but  in  the  air  they  lost  bromine  too  rapidly  to  permit  of  analysis. 

Benzamide,  Potassium  Bromide  and  Iodine* — ^These  substances,  when 
heated  together,  gave  a  product  which  formed  gray  greenish  hairs  like 
the  iodide  derivative,  with  some  unchanged  benzamide.  Carbon  tetra- 
chloride removed  scarcely  any  iodine.  The  compound  was  not  analyzed, 
but  was  evidently  a  double  compound  of  the  t3rpe  suggested. 

Dibeneamide,  Potassium  Iodide  and  Iodine, — ^These  substances  reacted 
smoothly  when  warmed  with  water  on  the  steam  bath.  The  product 
was  a  green  solid  which  appeared  to  be  like  the  benzamide  compound. 
It  was  probably  the  potassium  compound  analogous  to  the  one  described 
by  Curtius  (Loc.  ciU)  and  which  probably  contained  sodium,  although  he 
overlooked*  that  fact  in  his  analysis,  as  already  suggested.  The  substance 
wats  not  analyzed. 

Tribenzamide  could  not  be  made  to  react  with  iodine,  either  in  the 
prcsenoe  of  potassium  iodide  or  hydriodic  acid. 

Bengantide,  Hydriodie  Acid  and  lodine.-^^ive  grams  of  benzamide 
were  treated  with  10  cc.  of  aqueous  hydriodic  add  (sp.  gr.  i  .90),  which 
was  alntady  black  with  iodine.  5  cc^  of  water  and  i  g.  of  iodine  were 
aibo  added.  On  warming,  a  black  oil  was  formed  which  solidified  when 
the  solution  cooled*  Washing  with  carbon  tetradiloride  removed  some 
iodine,  but  left  a  crystalline  product,  which  was  dissolved  in  ether,  and 
precipitated  by  carbon  tetrachloride  in  tiny  flakes,  showing  a  green- 
blaek  iridescence.    Yield  of  pmrified  product,  ^.5  g. 

Cdc.  for  (CJI|CONHi)tHI.Ii:    Active  I   >-  40.70;  total  I    «  61.05.    Found: 
3Mt^  38.M#  3**93 ;  and  6i  .45.  61 .32 . 

It  is  interesting  to  note  that  the  color  of  this  compound  differs  from 
that  of  the  corresponding  sodium  and  potassium  compounds,  and  also 
that  this  substance  contains  two  benzamides  instead  of  three,  as  in  pre- 
vious cases. 

Bensamide,  Barium  Iodide  and  Iodine, — ^The  best  proportions  were  i 
molecole  of  benzamide,  6  molecules  oi  barium  iodide  and  4  atoms 
of  iodine.  These  were  warmed  t<^ther  in  the  presence  of  water.  The 
solid  prcduct  when  treated  with  ether  formed  a  black  oil,  and  this,  when 
treated  with  benzene,  yielded  a  precipitate  consisting  of  chocolate-brown 
flakes  and  needles  which  were  steely  blue  by  reflected  light.  The  sub- 
stance belongs  to  the  less  stable  members  of  this  class  and  dissociates 
somewhat  in  solution.    On  crystallizing  it,   if   too  much  free  iodine  is 
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fM'esent  in  the  solutioti,  the  product  comes  out  oily,  and,  on  the  other 
hand,  the  presence  of  too  little  iodine  results  in  the  sepaiation  of 
barium  iodide.  Crystallizatioitt  from  pure  solvent  causes  loss  of  iodine, 
so  that  in  this,  as  well  as-  in  several  other  cases,  it  is  cuivisaUe  to  add 
iodine  judiciously  to  the  solvent. 

Barium  was  determined  directly  by  smoking  off  with  sulfuric  add 
and  also,  as  a  check,  by  precipitation  from  the  filtrates  from  tiie  silvet 
iodide  in  the  Carius  determination  of  total  iodine. 

Cak.  for  (CiH»CONH|)iBaIf.l4:     Ba  =  8.43;  active  I  »  31.26;  total  I  »  46-»9. 
Found:  849.8^3,8^9;  3i>90,  3>-49;  and  44-9^>  44.8a 

It  should  be  added  that  numemus  other  detemliDations  of  active  iodiae 
from  different  samples  gave  results  as  much  as  2%  lower  than  those 
here  quoted.  The  tendency  to  dissociation  above  mentioned  seems  to 
account  for  this. 

Benzamidey  Cuprous  Iodide  aatd  lodtne.-^i.s  S*  oi  slightly  moist 
cuprous  iodide»  1.5  g.  of  benzamide,  and  3  g.  of  iodine  were  warmed 
with  water  on  a  steam  bath.  The  iodine*  melted  to  a  lower  layer,  and 
most'  of  the  solid  dissolved.  The  aqueous  layer  was  filtetied  hot.  In 
the  filtrate  coppery  needles  were  formed,  while  upon  the  surface  cf  the 
liquid  there  appeared. a  fine  film  of  cuprotis  iodide.  This  cxmldbe  re- 
moved mechanically.  The  copper-oolored  needles  were  collected  by  filtm- 
tion.  They  were  sometimes  mixed  with,  benzamide,  from  which  they  could 
be  separated  mechanically.  They^  melted  >^t  about  90^  to  a  black  Kqaid. 
This  sufoistance  lost  weight  very  rapidly  wheb  an  attempt  was  made  to 
dry  over  phosphorus  pentoxide^  and  over  alkali  the  loss  was  alaa  rapid, 
so  that  a  sample  whicfh  had  stood  six: weeks  contidned  only  4.5%  active 
iodine.  The  material  used  for  analysis  was  therefore  dried  rapidly  in 
the  air.  Numerous  determinations  were  made,  and  particular  •  pains 
taken  with  the  analysis,  but  the  results*  were  not  very  satisfactory.  Diffi* 
ctdty  was  experienced  in  the  determination  of  active  iodine,  in  that  the  end 
point  of  the  titration  was  changed  by  the  addition  of  potassium  iodide. 
No  thoroughly  adequate  explanation  has  been  found  for  this.  Copper 
was  determined  first  by  smoking  off  directly  with  nitric  add  and  weigh* 
ing  as  oxide;  second,  according  to  Bray^^  by  conversion  to  sulfate,  and 
titration  against  sodium  thiosulfate  after  addition  of  potassium  iodide; 
and  third,  by  J6rgensen*s'  niethod,  of  treatment  with  sulfurous  add  and 
weighing  as  cuprous  iodide.  The  iodine  in  the  filtrate  from  the  ^stprous 
iodide  was  precipitated  with  silver  nitrate. 

On  account  of  the  beautiful  appearance  of  this  compound  numovous 
analyses  were  made.  As  stated  above,  the  results  were  not  entirely  sads^ 
factory,  those  quoted  being  some  of  the  best. 

*  This  Journal,  33,  1208  (1910). 
»  J.  prakt.  Chem.,  I2)  2,  353  (1870X 
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Calc.  for  (C«H4CONHf)gCuIJi:  Cu  «  331;  CuJi  =  932;  active  I  =  39^6; 
total  I  =46.26.  Found:  327,  313.  3x6,  3.81,  347.  343;  10.28,  9.75,  10.28;  37.99» 
36.18,  36.80,  37.10;  and  4543.  4601,  4755.  4730. 

It  may  be  stated,  in  general,  that  the  determinations  for  active  iodine 
which  difiFered  most  widely  varied  betweep  35. 66  and  40.06. 

Benzamide,  Cobalt  Iodide  and  Iodine, — Two  grams  of  cobalt  iodide  were 
warmed  with  1.6  g.  of  benzamide,  2.6  g.  of  iodine  and  10  cc.  of  water 
on  the  steam  bath.  On  cooling,  a  green  precipitate  settled  out,  which 
<x>uld  be  pmified  by  dissolving  in  ether  and  precipitating  with, carbon 
tetrachloride.    It  was  not  analyzed. 

Nickel  iodide  also  yields  a  similar  product.  Attempts  to  prepare  cor- 
responding compotmds,  using  silver  iodide,  lead  iodide,  mercuric  and 
mercurous  iodide,  all  resulted  without  success. 

Benzamide^  Potassium  Iodide,  Mercuric  Iodide  and  Iodine. — ^Ten  grams 
•each  of  benzamide  and  iodine  were  warmed  with  100  cc.  of  10%  potassium 
iodide  solution,  to  which  merciuic  chloride  had  been  added  until  mercuric 
iodide  b^;an  to  precipitate.  The  resulting  crude  product  weighed  23  g. 
Tlie  filtrate  contained  little  free  iodine.  The  precipitate  was  dissolved 
in  150  cc.  of  ether  containing  5  g.  of  iodine.  A  dirty  gray  residue  of  benz- 
4uiiide  was  removed  which  weighed  about  2  g.  The  filtrate  was  then 
treated  with  250  cc.  of  benzene  and  later,  as  precipitation  took  place 
slowly,  with  100  cc.  more.  The  solution  at  this  point  was  piuple  and  very 
full  of  crystals.  The  solution  was  filtered  by  suctioii  and  the  crystals 
were  washed  with  benzene.  Pour  crops  in  all  were  obtained,  of  which 
^bout  9  g.  made  up  the  first,  which  was  very  pure.  Repeated  crystalliza- 
tion of  the  entire  product  made  little  or  no  difiFerence  in  the  mercury  con- 
tent. A  sample  for  analysis  was  dried  over  caustic  alkah,  and  melted  in 
the  air  at  about  50^.  Mercury  was  determined  as  sulfide,  following  the 
method  described  in  Treadwell's  ''Analytical  Chemistry.'*^ 

Calc.  for  (i)  ((C,H*CONH,),KI.I,)7HgI,,  (2)  ((C,H,CONH,)iKI.I,)JIgI,:  (i) 
K  *  4.62;  Hg  —  3.37;  active  I  -  29.96,  total  I  =  49.20;  (2)  K  =  4.56;  Hg  =  3.88; 
-active  I  -  2957;  total  I  «  4930  Found:  4.49,  448;  3.34,  3.30,  3.56;  30.36,  3042; 
-and  48.52,  48.42. 

The  analysis  hardly  gives  sufficient  data  to  decide  between  the  two 
formulas  quoted. 

Benzamide,  Potassium  Iodide,  Lead  Iodide  and  Iodine. — One  and  five- 
tenths  grams  of  lead  iodide  and  5  g.  of  potassium  iodide  mixed  in  15  cc. 
water  gave  a  fine  pale  yellow  precipitate  of  a  double  compoimd.  To 
this  were  added  10  g.  each  of  benzamide  and  iodine.  The  product  melted 
entirely  on  the  steam  bath  and  solidified  on  cooling.  It  was  dried  as 
thoroughly  as  possible,  the  process  being  difficult  on  account  of  the  lump- 
ing of  the  material.  The  product  was  dissolved  in  ether  containing  con- 
siderable iodine  and  crystallized  on  addition  of  benzene  in  gray-green 
»  (HaU)  3rd  Ed.,  Vol.  II,  169. 
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hairs.  The  first  crop  of  6  g.  gave  a  strong  test  for  lead;  the  later  crops, 
not  so  strong.  When  the  first  crops  were  recrystallized,  however,  a  per- 
ceptible decrease  in  lead  content  was  not  noted.  In  analyzing  the  product, 
lead  and  potassium  were  changed  together  to  sulfate  by  smoking  off 
with  sulfuric  acid  and  subsequent  ignition.  The  precipitate  was  then 
digested  thoroughly  with  dilute  sulfuric  add  (i  :  20),  cooled  completely,, 
filtered  and  washed  with  i  :  20  acid,  followed  by  i  :  i  alcohol,  the  pre- 
cipitate being  weighed  as  lead  sulfate.  The  solution  was  evaporated  and 
the  residue  ignited  and  weighed  as  potassium  sulfate.  The  iodine  here 
was  not  determined  by  the  Carius  method  as  it  was  feared  that  the  silver 
iodide  formed  might  be  contaminated  with  lead  iodide,  and  instead  the 
sample  was  digested  with  sodium  carbonate  solution,  filtered,  and  washed^ 
The  filtrate  was  treated  with  sulfurous  add  to  reduce  any  iodate  to  iodide, 
and  finally  precipitated  with  silver  nitrate. 

Calc.  for  ((CiH»CONH,),KI.I,)«PbI,:     K  =  4.55;  Pb  =  401;  active  I  -  29.54;: 
total  I  =  49.22.     Found;  4.30;  3.96;  30.14;  and  49.26. 

The  above  results  were  obtained  from  one  recrystallized  sample,  repre- 
senting the  purest  product  available. 

Bemamide,  Mercuric  Iodide^  Hydriodic  Acid  and  Iodine, — An  attempt 
was  made  to  prepare  a  compound  whidi  combined  all  the  above  four 
components,  and  as  a  matter  of  fact  crystals  were  obtained.  These,  how- 
ever, did  not  prove  sufficiently  stable  to  permit  of  analysis,  and  in  the 
course  of  crystallization  the  mercury  content  steadily  decreased. 

Experiments  with  Other  Amides  and  with  Anilides. 

p'Toluamide,  Potassium  Iodide  and  Iodine. — Five*tenths  gram  of  p-tolu- 
amide  (2  mols),  0.3  g.  of  potassium  iodide  (i  mol),  and  0.5  g.  of  iodine 
(2  at.)  were  rubbed  together  with  2  cc.  of  water.  They  formed  a  thick 
pulp  in  a  few  minutes.  The  yield  was  i .  2  g.  The  color  was  not  removed 
by  carbon  tetrachloride.  The  product  was  purified  by  adding  carbon 
tetrachloride  to  the  ethereal  solution,  and  it  too  formed  coppery  green 
hairs.  The  analytical  results  on  the  different  samples  were  not  concordant 
and  it  is  probable  that  the  small  quantity  prepared  did  not  permit  of 
adequate  purification.  The  substance  contained  about  5%  of  potassium. 
p-Toluamide,  when  warmed  with  hydriodic  add  and  iodine,  gave  a  fine 
grayish  black  crystalline  precipitate,  which  was  practically  insoluble  in 
boiling  carbon  tetrachloride.  This  has  not  yet  been  analyzed.  o-Tolu- 
amide  gave  no  addition  product  with  potassium  iodide  and  iodine.  With 
hydriodic  acid  and  iodine  it  gave  a  black  tar  which  would  not  crystallize. 

/7-Bromobenzamide  gave  a  greenish  precipitate  with  potassium  iodide 
and  iodine.     w-Bromobenzamide,  on  the  other  hand,  did  not  react. 

The  three  nitrobenzamides  were  next  tested,  and  in  this  case  the  m- 
and  p-compounds  gave  crystalline  products,  but  the  (?-compoimd  did  not^ 
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Experiments  were  then  made  with  several  other  amides,  including  some 
belonging  to  the  aUphatic  series.  No  addition  products  were  obtained 
with  acetamide,  salicylamide,  oxamide,  or  succdnamide.  Succinimide, 
on  the  other  hand,  gave,  with  potassium  iodide  and  iodine,  the  addition 
product  (C4H502N)4.KI.l3.  This  substance  had  already  been  prepared 
and  described  by  Piutti  (Loc,  cit).  Phthalimide  also  gave  an  addition 
product  with  potassium  iodide  and  iodine  which  has  not  yet  been  analyzed. 
Benzene  sulfonamide  gave  a  fine  greenish  brown  precipitate.  Experi- 
ments with  urea,  thiotu'ea  and  benzoylphenylurea  all  gave  negative  re- 
sults. 

Anilides. — ^Attention  was  next  turned  to  the  anilides,  and  here  it  was 
found  that  the  reaction  was  fairly  general,  although  substances  which  gave 
addition  products  with  potassium  iodide  and  iodine  frequently  did  not 
do  so  with  hydriodic  acid,  whereas  in  certain  other  cases  this  relationship 
was  reversed.  Among  the  compounds  tested  are  acetanilide,  benzanilide, 
phenylacetanilide,  diphenylbenzanilide,  aceto-o-toluidide,  aceto-/>-toluidide, 
benz-^toluidide,  and  methylacetanilide.  In  the  case  of  a  few  of  the 
products  formed,  analyses  have  already  been  made,  but  it  seems  best  to 
postpone  the  discussion  of  these  addition  products  until  some  more  work 
has  been  done.  They  will,  accordingly,  be  reserved  for  some  subsequent 
paper. 

Summary. 

1.  Benzamide  and  some  other  amides  form  complex  periodides  contain- 
ing iodine  and  hydriodic  acid,  or  else  some  metallic  iodide.  The  general 
composition  of  most  of  these  compounds  is  Am^Mel.Ia  and  Amj.HI.Ij, 
though  other  combinations  are  observed. 

2.  Similar  reactions  seem  to  be  very  general  in  case  of  substituted  anil- 
ides. 

3.  The  compounds  described  in  (i)  can  exist  in  combination  with  iodides 
of  heavy  metals,  like  lead  and  mercury,  forming  complex  molecular  ag- 
gregates of  exceptionally  high  molecular  weight. 

Mass.  Inst.  Tscbnologv.  Boston.  Mass. 
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XXXI.  The  Metabolism  of  the  Typhoid-Dysentery-Alcaligenes  Group 

in  Milk. 
One  of  the  great  problems  in  modem  civihzation  is  that  of  safeguarding 
that  great  river  of  milk  which  jBows  daily  into  practically  every  city  and 
town.     This  problem  in  the  last  analysis  is  a  bacterial  problem,  for  those 
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changes  which  render  milk  unfit  for  food  are  induced  in  it  by  the  growth 
of  microorganisms.  Time,  temperature,  and  the  kinds  of  bacteria  which 
find  their  way  into  milk  largely  determine  the  changes  which  it  undergoes 
before  it  is  finally  consiimed  or  ultimately  unfitted  for  food.  When  milk 
is  abnormal  to  sight  and  taste,  it  is  no  longer  salable,  but  unfortunately 
these  somewhat  crude  indicators  are  of  little  service  in  detecting  the  pres- 
ence of  microorganisms  which  may  be  more  dangerous  to  health  or  even 
life  than  those  which  produce  the  more  marked  decompositions. 

Except  in  a  quaUtative  way,  little  is  definitely  known  of  the  natme  or 
even  extent  of  bacterial  action  on  milk.  Souring  (coagulation),  peptoniza- 
tion, ropiness,  and  slimy  milk  are  well-known  diemical  changes  which  may 
be  regarded  as  decompositions  readily  recognizable  by  the  layman  as  well 
as  by  the  specialist;  but  the  absence  of  such  obvious  changes  in  physical 
appearance  cannot,  in  any  sense,  be  a  criterion  for  judging  of  the  fitness 
of  milk  or  of  the  products  made  from  it  for  human  consumption.  That 
is  to  say,  the  esthetic  appearance  is  not  necessarily  s3monymous  with  safety 
— indeed,  it  may  be  absolutely  the  reverse.  It  should  be  remembered  that 
milk  is  mudi  more  complex  in  composition  than  the  ordinary  media  gen- 
erally used  for  bacterial  cultivation.  This  complex  fluid,  which  is  a  well 
balanced  food  for  man,  contains  fats,  protein,  carbohydrates  and  salts, 
the  latter  probably  partly  free  and  partly  combined  with  the  protein, 
all  dissolved  or  suspended  in  water.  With  such  a  variety  of  constituents 
to  act  upon,  the  decompositions  which  it  tmdergoes  will  vary  greatly, 
with  the  type  of  organism  or  organisms  w:hich  gain  access  to  it  and  the  con- 
ditions under  which  the  milk  is  kept. 

Certain  types  of  decomposition  might  be  confidently  predicted.  Those 
organisms  which  attack  lactose  vigorously  would  produce  greater  or  lesser 
amounts  of  acid  by  the  fermentation  of  this  sugar,  with  but  little  coinci- 
dent action  upon  the  protein,  for  previous  experiments  have  shown  that 
fermentation  takes  precedence  over  putrefaction.*  With  respect  to  the 
protein  sparing  action  of  fats  but  little  can  be  stated  definitely  at  the  pres- 
ent time.  Fats,  however,  would  appear  to  have  but  Uttle  influence  upon 
the  protein  sparing  action  of  utilizable  carbohydrate,  for  experiments 
would  suggest  that  fats  are  less  readily  utilizable  by  the  ordinary  lactose - 
fermenting  bacteria  than  are  carbohydrates. 

Any  milk  which  is  available  for  cultural  ptuposes  has  undergone  a  cer- 
tain amount  of  decomposition,  for  bacteria  in  greater  or  less  numbers 
are  always  found  in  it;  indeed,  there  is  strong  evidence  that  even  milk 
drawn  from  the  cow  with  sterile  precautions  practically  always  contains 
some  bacteria.*    The  effect  of  this  early  bacterial  development  upon  the 

*  Kendall,  J.  Med.  Research,  25, 155  (191 1). 

»  Harding  and  Wilson,  Tech.  Bull.  27,  N.  Y.  Agr.  Exp.  Station,  Mar..  1913.     For 
r^uni4  of  literature. 
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composition  of  the  milk  prior  to  sterilization  for  cultural  purposes  cannot 
be  predicted.    The  situation  is  further  complicated  by  the  effect  of  S3rm- 
biotic  growth  of  bacteria,  for  it  has  been  shown,  for  example,^  that  B,  colt 
and  B.  tnesetUericus,  growing  symbiotically  in  milk,  produce  changes  as 
the  result  of  their  mutual  development  which  are  greater  in  intensity  and 
different  in  kind  than  the  sum  of  their  separate  activities.     Nevertheless^ 
the  best  obtainable  grades  of  market  milk  do  not,  as  a  rule,  show  demon- 
strable deviations  in  composition  from  freshly  drawn  milk.    The  observa- 
tions recorded  below  were  made  for  the  pmpose  of  determining  the  natm-e 
and  extent  of  the  changes  brought  about  by  the  growth  of  various  impor- 
tant types  of  bacteria  in  sterile  certified  milk.     These  determinations  in- 
clude the  changes  in  reaction,  as  shown  by  alizarin,  neutral  red,  and  phenol- 
phthalein,  which  indicate  somewhat  roughly  the  differential  accumula- 
tion of  alkaline  or  acid  products,  and  the  action  on  protein  as  represented 
by  the  accumulation  of  ammonia,  ammonia  being  the  only  available  in- 
dex of  protein  breakdown  applicable  to  this  problem.    The  exact  analytical 
details  have  been  published  elsewhere.*    The  cultures  have  been  incu- 
bated uniformly  at  body  temperatures.     Growth  is  more  rapid  under  these 
conditions  with  the  organisms  used,  and  the  accumulation  of  metabolic 
products  should  be  proportionately  greater  for  this  reason,  particularly 
during  the  early  days  of  inqibation.    These  conditions  are  not  met  with 
in  the  practical  handling  of  milk  but  are  resorted  to  here  in  order  to  ex- 
aggerate the  changes  which  probably  would  take  place  at  a  lower  tem- 
perature with  the  same  organisms  in  the  same  time.     Furthermore,  it  is 
obvious  that  ptu'e  cultures  of  bacteria  would  never  be  met  with  in  prac- 
tice, althougji  the  net  results  of  associated  activity  of  bacteria  in  milk 
are  in  the  last  analysis  the  ones  which  are  of  practical  importance.    An 
initial  investigation,  in  which  the  activity  of  eadb  particular  type  of  organ-^ 
ism,  per  se,  is  studied,  should  serve  as  a  fundamental  introduction  to  the 
much  more  complex  subject  of  bacterial  antagonism  and  symbiosis  as  it 
presents  itself  in  the  milk  problem. 

Certain  analytical  difficulties  might  be  anticipated,  particularly  in  the 
case  of  those  organisms  which  cause  coagulation,  peptonization,  or  other 
rather  marked  physical  changes  in  milk,  because  of  the  difficulty  in  ob- 
taining uniform  san^iles  for  analysis.  While  these  difficulties  have  been 
realized  to  a  certain  degree,  the  determinations  which  have  been  made 
in  duplicate  have  not  shown  noticeable  variations,  except  in  those  instances 
where  analyses  of  the  residual  milk  fats  were  attempted.  The  difficulties 
of  obtaining  uniform  samples  for  these  determinations  have  been  fotmd 
to  be  so  great  that  observations  along  this  line  have  been  temporarily 
discontinued.    They  will  be  resumed  at  a  later  date,  using  the  modifica- 

^  Kendall,  Boston  Med.  and  Surg.  J.,  163,  322  (1910). 
'  Kendall  and  Farmer,  J.  Biol.  Chem.,  12,  13  (1912). 
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tions  of  the  methods  stated  above,  namely,  by  introdudhg  the  appro- 
priate amomits  of  milk  containing  cream  into  Babcock  bottles,  sterilizing,' 
inoculating,  and  making  the  determinations  on  the  entire  sample  removed 
at  the  appropriate  time.    The  results  are  given  in  Table  I. 

Table  I. 


Whole  milk. 

Whole  milk. 

1 

d 

Neutral  red. 
Phenolphtbalein. 

•9  8 

•  i 

z 

1       1 

Z 

z 

B.  alcaligenes. 

B,  dysenteriae,  Flexncr. 

I 

— O.IO 

-fo.20  —0.10 

— 0.70 

— O.II 

4-0.30  4-0.80  +0.70 

0.00 

0.00 

3 

— 0.20 

—0.30  — 0.60 

—0.70 

O.II 

-fo.40  4-0.40  +0.20 

0.70 

O.II 

7 

— 0.90 

— 1 .60  — 0.80 

-f5.6o 

0.92 

4-0.30    -fo.20  O.IO 

0.70 

O.II 

H 

—1.60 

— 1.90  — ^2.00 

4-420 

0.69 

— O.IO      0.00  — 0.30 

0.70 

O.II 

21 

—1.40 

— 2.00  — 2.10 

4-5  60 

0.92 

— 0.40  — O.IO  — 0.40 

1.40 

0.23 

38 

— 0.40  — 0.20  — 0.60 

1.40 

0.23 

B.  dysenteriae,  ^iga. 

B.  typhosus. 

I 

-fo.50 

+  1.00  +1.00 

0.00 

0.00 

4-0.30  4-0.70  -fo.70 

— 0.70 

—O.II 

3 

-f-0.10 

4-0.70  4-0.70 

0.00 

0.00 

-fo.io  4-0.80  4-2.90 

0.00 

0.00 

7 

+0.40 

+0.80  -f-0.50 

0.70 

O.II 

0.00  -fo.70  4-2.90 

1.40 

0.23 

14 

— 0.40 

+0.40  4-0.10 

0.70 

O.II 

4-0.20  +0.30  4-2.90 

5.60 

0.9a 

21 

— 0.20 

— O.IO  — 0.20 

1.40 

0.23 

-fo.io  -fo.50  4-1.90 

6.30 

I  15 

28 

— 0.20 

— 0.20  — 0.40 

2.80 

0.46 

4-0.60  4-0.50  -f-i.6o 

5.60 

0.93 

5.  alcaligenes,  an  organism  which  ferments  no  sugars,  produces  a  sKghtly 
alkaline  reaction  in  milk,  coincident  with  a  slight  increase  in  the  ammonia 
content,  amounting  to  rather  less  than  1%  of  the  total  nitrogen.  These 
results  are  in  harmony  with  what  is  known  qualitatively  of  the  changes 
produced  in  milk  by  this  organism,  and  the  intensity  of  the  reactions  cor- 
responds closely  with  that  obtained  imder  similar  conditions  in  broth 
cultures.^ 

The  Flexner  and  Shiga  types  of  the  dysentery  bacillus  exhibit  an  initial 
acidity  followed  by  a  definite  return  to  alkalinity,  the  degree  of  alkalinity 
being  greater  than  that  of  the  inoculated  milk.  There  is  very  little  action 
upon  the  protein  constituents  of  the  milk.  The  explanation  of  this  initial 
acidity  followed  by  an  alkaline  reaction  was  first  clearly  demonstrated 
by  Theobald  Smith,  who  showed  by  presumptive  evidence  that  market 
milk  normally  contains  a  substance  which  bacteria  utilize  like  dextrose, 
the  amoimt  being  about  0.1%.  It  will  be  remembered  that  the  dysen- 
tery bacilli  and  B,  typhosus^  utilize  dextrose  in  preference  to  protein  for 
fuel  purposes,  consequently  this  initial  acidity  observed  in  milk  cultures 
1  Kendall,  Day  and  Walker,  This  Jouiinal,  35,  12 16  (1913). 
*  Kendall,  /.  Med.  Research,  25,  155  (191 1). 
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is  due  to  the  fermentation  of  this  dextrose-like  substance  which  Theobald 
Smith  has  described.^  The  organisms  do  not  ferment  lactose,  and  the  re- 
turn to  alkalinity  is  doubtless  due  to  the  formation  of  basic  products  from 
protein  which  the  dysentery  badUi  are  forced  to  utilize  when  this  dex- 
trose-like substance  is  exhausted.  It  will  be  noticed  that  the  typhoid 
bacillus  does  not  exhibit  a  return  to  the  alkaline  reaction.  It  produces, 
however,  a  certain  amount  of  ammonia,  indicative  of  protein  breakdown, 
ii^hich  appears  to  be  somewhat  greater  in  amount  than  that  produced  by 
the  dysentery  bacilli  and  comparable  to  the  amount  produced  by  B. 
-alcaligenes.  The  extent  of  this  protein  breakdown,  however,  is  very  Uttle, 
amounting  to  but  6 . 3  mg.  in  loo  cc.  of  milk  in  three  weeks. 

The  question  might  be  raised  whether  this  dextrose-like  substnace 
which  is  fermented  by  the  dysentery  and  typhoid  bacilli  is  not  in  reality 
a  mixture  of  dextrose  and  galactose  formed  by  the  hydrolytic  cleavage 
of  lactose  diuing  the  process  of  sterilization.  A  series  of  experiments  con- 
ducted in  this  laboratory,  which  will  be  published  later,  have  fully  cor- 
roborated the  observations  of  Theobald  Smith,  mentioned  above,  that 
such  is  not  the  case.  The  substance  which  reacts  like  dextrose  is  a  normal 
constituent  of  milk.  Further  evidence  of  the  correctness  of  the  assump- 
tion that  fermentation  of  this  dextrose-Uke  substance  in  milk  is  responsi- 
ble for  the  initial  acid  reaction  produced  by  the  dysentery  and  typhoid 
bacilU  is  furnished  by  the  results  obtained  in  milk  to  which  1%  of  dex- 
trose has  been  added.  These  organisms  produce  enough  acid  in  this  dex- 
trose milk  to  cause  its  coagulation. 

This  explanation,  furthermore,  furnishes  additional  proof  of  the  correct- 
ness of  the  assumption  that  the  terminal  alkaline  reaction  exhibited  by 
the  dysentery  bacilli  is  due,  in  part  at  least,  tQ  the  breakdown  of  protein 
constituents  of  milk  following  the  exhaustion  of  the  dextrose.  The  addi- 
tion of  1%  of  dextrose'  protects  this  milk  protein  from  attack  and  the  re- 
action becomes  in  the  latter  case  progressively  acid. 

The  persistance  of  an  add  reaction  in  milk  cultures  of  typhoid  bacilli 
is  not  so  readily  explained.  An  explanation  of  this  reaction  on  the  basis 
of  the  fermentation  of  lactose  is  wholly  out  of  the  question,  for  the  typhoid 
bacillus  does  not,  under  any  conditions,  utilize  this  sugar.  It  is  conceiv- 
able that  this  organism  in  breaking  down  protein  after  the  exhaustion  of 
the  dextrose  acts  upon  casein  in  such  a  manner  as  to  liberate  phosphoric 
acid,  perhaps  in  the  form  of  acid  phosphates.  Another  possible  explana- 
tion is  the  formation  of  slight  amounts  of  fatty  acids  from  certain  constit- 
uents of  the  milk  fat. 

Conclusions. 

I.  B.  alcaligenes,  the  Flexner  and  Shiga  types  of  the  dysentery  bacillus, 
and  B.  typhosus  produce  no  marked  alterations  in  the  appearance  of  milk, 
»  Smith.  Theobald,  J.  Boston  Soc.  Med.  Set,,  2,  236  (1898). 
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nor  any  notewwthy  changes  in  the  composition  of  milk  as  indicated  by 
the  gross  appearance,  the  changes  in  reaction,  and  ammonia  production. 

2.  The  presence  even  of  large  numbers  of  these  organisms  in  market 
milk  could  not  be  detected  by  chemical  methods  available  at  the  present 
time  during  the  period  when  this  milk  would  be  salable. 

3.  The  production  of  an  initial  acidity  followed  by  an  alkaHne  reac- 
tion, which  is  a  well-known  cultural  charact^stic  of  the  dysentery  bacilli, 
is  explainable  on  the  basis  of  the  chemical  changes  which  these  orgEmisms* 
produce  in  this  medium. 

4.  The  explanation  of  the  permanent  acidity  exhibited  by  cultures  of 
typhoid  bacilli  in  milk  is  not  definitely  determined. 

XXXn.  The  Metabolism  of  the  Intermediate  or  Paratyphoid  Group  in. 

Milk. 

The  cultiu-al  reactions  in  milk  of  bacteria  belonging  to  the  intermediate 
or  paratyphoid  group  are,  generally  speaking,  qualitatively  like  those 
of  dysentery  and  typhoid  bacilli;  namely,  in  the  case  of  B,  paratyphosus^ 
alpha  a  permanent  acid  reaction,  while  other  members  of  this  group  ex- 
hibit an  initial  acidity  followed  by  a  return  to  alkalinity,  resembling  the 
members  of  the  dysentery  group  in  this  respect.  These  observations  ap- 
ply only  to  the  earlier  days  of  growth,  however,  for  it  is  a  matter  of  common 
observation  that  older  milk  cultures  of  the  paratyphoid  group  change 
somewhat  in  appearance.  Cultures  of  B.  paratyphosus  alpha  tend  to  be-^ 
come  somewhat  less  add  than  cultures  of  the  typhoid  bacillus,  while  cul- 
tiu-es  of  B.  paratyphosus  beta  and  th6  remaining  members  of  the  group- 
become  almost  opalescent  as  time  goes  on,  due  apparently  to  a  gradual 
solution  of  the  casein. 

The  chemical  changes  which  these  organisms  produce  in  milk,  shown  in. 
Table  II,  resemble  those  of  the  dysentery  bacilli  in  a  striking  manner,  both 
qualitatively  and  quantitatively,  except  for  the  gradual  thinning  of  the 
medium,  mentioned  above.  This  latter  phenomenon  does  not  appear 
to  be  associated  with  a  noteworthy  increase  in  the  amount  of  ammonia 
formed  or  to  an  unusual  degree  of  alkali  production.  B,  paratyphosus 
alpha  produces  changes  in  milk  which,  measured  in  terms  of  changes  in 
reaction  and  production  of  ammonia,  are  very  similar  to  those  exhibited 
by  the  typhoid  bacillus,  except  that  the  degree  of  acidity  reached  appears 
to  be  rather  less.  This  acidity  is  permanent  and  is  one  of  the  most  im- 
portant cultural  characteristics  of  this  organism.  This  permanent  acidity- 
is  a  noteworthy  characteristic  of  milk  cultures  of  both  these  organisms. 
Whether  the  explanation  of  this  acidity  is  the  same  in  both  cases  cannot  be 
stated  definitely.  B,  paratyphosus  beta  differs  chemically  from  B,  para- 
tyjfhosus  alpha  in  that  the  period  of  initial  acidity  is  followed  by  ^  pro- 
gressively alkaline  reaction,  the  filial  degree  of  alkalinity  being  noticeably- 
greater  than  that  of  the  uninoculated  control.    The  amoimt  of  ammonia 
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Whole  milk. 


Table  II. 


Whole  milk. 


I 


I 

I 


B 

X 

I 
I 


i 


Ok 

•3 


1 

I  3 

^         z 

B.  icteroides. 
-♦-0.40  +0.50  4-0.60 
—0.70  — 0.60  —0.90 
— 0.40  — 1.60  — 1.90 
—0.20  — ^3.50  — 2.20 
— 0.40  — ^3-^  — 2.30 
—0.40  — ^3.60  — 2.40 

B,  Mfgan  No,  1. 
— o.io      0.00  -1-0.50      2.10 
— 0.90  — 0.30  +0.40 
— 1.30  — 0.20  4-0.70 
—0.80  —0.20  4-0.80 
0.00  +0.20  4-1.00 

•   *  Milk  somewhat  thin. 

•  Milk  decidedly  thin. 

•  Milk  very  thin;  brownish. 


B.  paratyphosus  alpha, 
+0.30  4-0.60  -fo.70  — 1.40  — 0.23 
4-0.60  4-0.80  -I-0.90      0.70      O.II 
+0.50  4-0.70  4-1.00      1.40      0.23 
-ho. 90  4-1. 10  4-1.70      1.40      0.23 
4-1.10  -fi.oo  -1-0.70      4.20      0.69 
28   4-0.60  4-0.60  -fo.50      4.20      0.69 
B.  paratyphosus  beta* 
+0.30  4-0.50  4-0. 6a — 0.70  — O.II 
— 0.70  — O.IO  +0.70      0.00      0.00 
— 0.60  — 1.40  -I-1.40      1.40      0.23* 
— 0.80  — 2.20  — 1.90      2.10      0.34* 
— 0.50 — i.90-*-2,io      2.80      0.46* 
— 0.90 — 2.40 — a, 00      4.20      0.69 

^  Milk  thin. 

*  Milk  thin,  somewhat  brownish. 

'  MiBc  very  thin;  brownish. 

produced  is  practically  the  same  as  that  formed  by  B.  paratyphosus  alpha 
in  milk.  By  the  end  of  the  first  week  milk  cultures  of  B,  paratyphosus  beta 
become  slightly  brown  in  color  and  distinctly  thinner  in  consistency 
than  normal  milk,  and  after  two  or  three  weeks'  incubation  the  milk  be- 
comes almost  opalescent. 

B.  icteroides  was  at  one  time  regarded  as  the  etiological  factor  in  yellow 
fever;  it  is  now  classified  as  a  member  of  the  hog  cholera  group.  Cultwally 
it  resembles  B.  paratyphosus  beta,  and  this  cultural  resemblance  is  also 
manifested  chemically,  the  reactions  of  the  two  organisms  being  very  sim- 
ilar. This  same  brownish  decolorization  and  thinning  of  milk  cultures 
of  B,  paratyphosus  beta  is  also  a  prominent  featiu^e  of  milk  cultures  of 
B.  icteroides. 

The  Morgan  bacillus,  which  it  will  be  remembered  is  rather  frequently 
met  with  in  the  dejecta  of  babies  suffering  from  diarrhea,^  is  more  proteo- 
Ijrtic  than  the  other  members  of  the  intermediate  group.  This  is  in  accord 
with  similar  observations  made  in  broth  cultiu'es.* 

Conclusions. 

I.  Milk  containing  B,  paratyphosus  alpha,  B,  paratyphosus  beta,  B, 
icteroides,  or  the  Morgan  bacillus,  exhibits  no  noteworthy  changes  in  chem- 
'  Morgan,  Brit.  Med.  J.,  Apr.  21,  1906,  p.  908;  July  6,  1907,  p.  16;  Kendall,  Day 
and  Bagg,  Boston  Med.  and  Surg.  /.,  169,  741  (1913). 

'Kendall,  Day  and  Walker,  Tms  Journal,  35»  122 1  (1913). 
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ical  composition,  particularly  during  the  early  days  of  incubation.  The 
gradual  decrease  in  opacity,  which  is  a  characteristic  of  old  milk  cultiu-es  of 
B.  paratyphosus  beta  and  B.  icterotdes  will  be  of  no  practical  value  in  de- 
tecting the  presence  of  these  organisms  in  market  milk. 

2.  The  initial  acidity  exhibited  by  all  the  members  of  the  paratyphosus 
group  is  similar  in  origin  to  that  of  the  typhoid-dysentery  group,  due  to 
the  fermentation  of  the  dextrose-like  substance  which  appears  to  be  a  nor- 
mal constituent  of  fresh  milk. 

3.  B.  paratyphosus  alpha  reacts  like  B.  typhosus  in  milk;  that  is,  it  pro- 
duces a  permanent  acidity.  The  cause  of  this  permanent  acidity  is  not 
definitely  known. 

4.  The  Morgan  bacillus  is  more  proteolytic  than  the  other  members 
of  the  intermediate  group. 

XXXm.  The  Metabolism  of  the  Coli-Proteo8-Cloacae  Group  in  Milk. 

Among  the  organisms  commonly  found  in  milk  are  5.  colt,  B,  proteus, 
and,  perhaps  to  a  lesser  extent,  B,  cloacae,  B.  colt,  furthermore,  is  an  organ- 
,ism  found  constantly  in  the  intestinal  tract  of  man  and  mammals,  and 
its  presence  in  milk  is  popularly  supposed  to  indicate  contamination 
with  fecal  matter,  hence  its  presence  is  frequently  regarded  as  an  indica- 
tion of  filth.  This  conception  is  undoubtedly  attributable  in  the  last 
analysis  to  the  importance  of  the  colon  bacillus  as  an  indicator  of  pollu- 
tion in  water.  The  numbers  of  colon  bacilli  which  may  be  present  in  a 
'  sample  of  milk  do  not  necessarily  furnish  any  evidence  of  the  nature  or 
*  extent  of  fecal  contamination,  for  there  is  no  way  of  distinguishing  between 
the  initial  number  of  these  organisms  in  a  given  sample  of  milk  and  their 
descendants.  Furthermore,  colon  bacilli  have  been  shown  by  many  ob- 
servers to  occur  in  large  numbers  on  dried  grains  and  hay,  These  organ- 
isms are  readily  detached  from  these  grains,  and,  together  with  dust,  may 
readily  find  their  way  into  the  milk  pail  quite  independently  of  any  direct 
fecal  contamination.  The  subsequent  development  of  5.  colt  and  the 
numbers  of  it  which  appear  in  milk  are  the  results  of  time  and  tempera- 
ture rather  than  initial  seeding,  for  this  organism  grows  very  rapidly  in 
this  medium.  The  analyses  recorded  in  the  accompanying  chart  show  that 
B.  colt  does  not  attack  milk  proteins  to  any  appreciable  extent,  and  this 
might  have  been  confidently  predicted,  for  B,  colt  acts  energetically  upon 
lactose,  bringing  about  Coagulation  in  from  24  to  72  hrs.  as  a  rule.  The 
resulting  product  is  potentially  buttermilk,  that  is  to  say,  a  pure  culture 
of  this  organism  produces  a  marked  lactic  acid  fermentation  with  acid 
coagulation  of  the  casein.  The  degree  of  acidity  produced  is  quite  con- 
siderable, amounting  to  more  than  5%  reckoned  in  terms  of  normal  acid 
at  the  end  of  the  third  day.  It  is  a  noteworthy  fact  that  B,  coli  does 
not  produce  noticeable  amounts  of  gas  in  milk,  although  the  lactose  con- 
tent of  this  medium  is  several  times  that  of  lactose  broth,  in  which  medium 
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a  considerable  amount  of  gas  is  formed.  No  satisfactory  explanation  of ' 
this  phenomenon  is  available.  It  is  worthy  of  note,  however,  that  ga^ 
formation  proceeds  rapidly  in  milk  when  B,  colt  is  grown  s3rmbiotically 
with  certain  actively  peptonizing  bacteria,  notably  strains  of  B,  mesen- 
tericus}  Here  gas  formation  is  actually  greater  than  is  the  case  when 
S.  colt  is  grown  in  pure  culture  in  lactose  broth. 

Table  III. 


Whole  milk. 


Wholt  milk. 


I 


1 

•3 

8 


it  I 


B,  coLi, 

I  +0.10  +1.70  -f-0.20 

3  +0.50  +440  +5.50 

7  +1.90  +430  +5.60 

14  +2.50  4-4.90  +5  30 

21  +2.90  4-5.30  -f6.20 

28  4-3.20  +6.40  4-6. bo 

B,  cloacae. 

I — o.io  4-0.40  4-0.80 

3  4-0.50  4-0.70  4-0.90 

7  -fo.50  4-1.70  4-1.20 

H  4-2.50  4-2. lo  4-3.80 

21  4-2.70  4-1.80  4-3.00 

^  Coagulated.    No  gas. 

*  Coagulated.    Somewhat  viscid,  no  gas. 


a 

I 

5 


I 
I 


55 

3 


0.00  0.00 
0.00  0.00' 
1.40  0.23* 
1.40  0.23* 
2.10  0.34* 
1.40  0.23* 


2.10  0.34 
1.40  0.23 
3.50  o.55« 
4.20  0.69* 
5.60  0.92* 


I  35 
2.70*  ' 

4.38*'' 
5->7*  • 
5.96* 
5.85*. 


0.77 

2.33*1 
3.53* 
5.28»   ' 
5.40* 


B.proUus. 
4-0.30  4-0.60  4-0.60  8.40 
4-1.60  4-1. 10  4-2.80  16.80 
4-1.90  4-2.90  4-4.80  27.30 
4-0.80  4-3.00  4-5.10  32.20 
4-1. lo  -f3.50  4-5.30  37.10 
-i-3.20  4-2.00  4-5.70  36.05 

B,  frakus  (20''). 
— 0.10  4-0.30  4-0.90  4.90 
4-1.40  4-0.70  4-1.60  14.70 
4-1.30  4-1.90  4-3.80  22.40 
4-1.50  -f3-6o  -f4.5o  33.60 
*4-i.70  4-3.40  +4.60  34.30 

*  Coagulated;  peptonized. 

*  Coagulated;  marked  peptonhattiDii. 

*  Coagulated:  extensive  peptonisation. 

B.  cloacae  is  probably  far  less  commonly  met  with  in  milk  than  B,  coli 
or  B.  protetis,  although  it  is  frequently  foimd  in  sewage  and  sewage  pol- 
luted water.  This  organism,  like  B.  coli,  ferments  lactose,  but  it  will  be' 
observed  that  the  degree  of  acidity  attained  is  scarcely  one-half  that  pro- 
duced by  the  colon  bacillus  under  the  same  conditions.  The  same  phe- 
nomenon is  met  with  in  lactose  broth.  The  degree  of  proteolysis,  as 
measm-ed  by  the  increased  ammonia,  is  about  twice  that  of  the  colon  bacil- 
lus reckoned  in  terms  of  milligrams  of  ammonia  per  100  cc.  of  milk.  The 
amoimt,  however,  is  not  great,  being  less  than  6  mg.  in  100  cc,  or  60 
parts  in  a  million  parts  of  milk.  These  chemical  changes  agree  closely 
with  those  described  for  this  organism  in  broth  cultures*  so  far  as  the  initial 
stages  are  concerned.  B.  cloacae,  however,  does  not  appear  to  form  alkali 
in  milk  even  after  prolonged  cultivation,  although  it  forms  alkali  in  sugar 

*  Kendall,  Boston  Med,  and  Surg.  J.,  163,  322  (1910). 

*  Kendall,  Day  and  Walker,  This  Journal,  35,  1227,  1230  (1913). 
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Woth  ctdtures  containing  1%  of  utilizable  sugar  alter  an  initial  acidity. 
This  organism  appears  to  be  able  to  decompose  the  i  %  of  sugar  of  nutrient 
sugar  broths  in  a  comparatively  short  period  of  time;  the  reaction  then 
becomes  alkaline,  due  to  the  accumulation  of  products  of  protein  break- 
down, for  it  attacks  protein  after  the  sugar  is  exhausted.  The  amount  of 
sugar  in  milk  frequently  exceeds  6%,  which  would  require  a  much  longer 
time  to  decompose  than  1%,  and  it  is  probable  that  even  after  three  or 
four  weeks  the  fermentative  process  has  not  entirely  ceased.  B,  cloacae 
does  not  appear  to  be  able  to  ferment  6%  of  sugar  completely.  Neither 
B.  coli  nor  B,  cloacae  produce  any  chemical  reactions  which  would  indi- 
cate that  butter  fat  plays  any  prominent  part  in  their  metabolism  when 
they  are  grown  in  whole  milk. 

B.  proteus  differs  from  B.  cloacae  and  5.  coli  in  that  it  does  not  ferment 
lactose.  This  has  been  shown  to  be  the  case  in  nutrient  broth  which 
does  not  contain  utilizable  sugar.*  This  organism,  however,  acts  vigor- 
ously upon  milk  proteins;  even  at  the  end  of  24  hrs.,  8.5  mg.  of  ammonia 
have  been  formed,  and  at  the  end  of  three  weeks  it  has  reached  a  maximum 
of  about  37  mg.,  corresponding  to  the  decomposition  of  6%  of  the  total 
nitrogen  of  the  milk.  By  the  end  of  the  third  day  milk  is  coagulated  and 
peptonized,  and  after  seven  days  the  peptonization  is  very  extensive. 
Contrary  to  what  might  be  expected  in  the  presence  of  such  active  pro- 
teol)rsis,  the  reaction  of  the  milk  becomes  progressively  acid  in  spite  of 
the  rapid  peptonization.  This  might  be  attributable  to  the  liberation  of 
acid  phosphates  following  the  decomposition  of  the  casein  or  to  a  par- 
tial decomposition  of  the  butter  fats  with  the  liberation  of  fatty  acids. 
Further  work,  however,  will  be  required  to  elucidate  this  point. 

A  portion  of  the  milk  inoculated  with  B.  proteus  was  allowed  to  remain 
at  room  temperature  (20** )  in  order  to  determine  the  influence  of  the  tem- 
perature of  incubation  upon  the  rate  of  metabolism.  The  results  show  that 
while  decomposition  proceeded  somewhat  more  slowly,  yet  it  proceeded 
at  a  fairly  rapid  rate,  and  at  the  end  of  the  third  week  it  had  attained 
practically  the  same  degree  as  the  corresponding  growths  incubated  at 

Conclusions. 

1.  B.  coli  and  B.  cloacae  ferment  lactose  vigorously,  and  their  growth 
in  milk  is  associated  with  a  production  of  an  increased  acidity,  but  there 
is  but  little  action  upon  protein  constituents  of  milk  as  measured  by  the 
ammonia  content. 

2.  The  lactose  appears  to  protect  the  milk  proteins  from  noticeable 
decomposition. 

3.  Although  B,  coli  and  B.  cloacae  ferment  lactose,  they  do  not  produce 
noticeable  amounts  of  gas  in  milk,  contrasting  in  this  respect  with  the 

»  Smith.  Theobald,  Am.  J.  Med,  Set,,  no,  283  (1895). 
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extensive  gas  production  in  lactose  broth,  which  is  a  noticeable  feature 
of  their  growth  in  this  medium. 

4.  B.  proieus  does  not  attack  lactose;  it  attacks  the  milk  proteins  with 
the  f  ormatiom  of  a  considerable  amount  of  anmionia,  amounting  to  about 
6%  of  the  total  nitrogen  of  the  milk.    At  room  temperature  the  proteol)rtic 
action  is  somewhat  less  rapid,  although  it  proceeds  vigorously. 
XXXIV.  The  Metabolism  of  the  Subtilis-Mesentericus  Group  and  B. 

Pyocyaneus  in  Milk. 

Milk  which  has  been  properly  pasteurized  should  contain  compara- 
tively few  living  bacteria.  The  death  rate  is  greatest  among  the  non- 
spore-forming  organisms;  various  observers,  notably  Ayers,^  have  shown, 
however,  that  the  non-spore-forming  lactic  acid  bacteria  very  frequently 
escape  destruction  in  sufficient  numbers  to  bring  about  sotuing  even  of 
pasteiuized  milk.  This  is  not  always  the  case,  however,  and  if  lactic  add 
bacteria  do  survive  in  small  numbers,  they  may  be  overgrown  or  their 
effects  neutralized  by  the  rapid  development  of  spore-forming  bacteria, 
most  f  reqiiently  those  of  the  subtilis-mesentericus  type.  These  latter  organ- 
isms do  not  ferment  lactose  and  they  bring  about  a  rapid,  deep-seated 
change  in  the  protein  constituents  of  milk  which  are  readily  recognizable 
by  the  extensive  peptonization.  Liibbert*  has  studied  the  action  of  cer- 
tain peptonizing  bacteria  belonging  to  the  subtilis-mesentericus  group,  and 
his  experiments  indicate  that  these  organisms  have  no  action  upon  lactose, 
nor,  apparently  upon  the  milk  fat;  the  protein,  however,  undergoes  a  deep- 
seated  change.  These  organisms,  furthermoxie,  are  very  widely  distri- 
buted in  nature,  and  they  form  spores  which  are  very  resistant  to  heat 
and  drying.  The  constant  association  of  these  bacteria  with  hay  and 
grains  and  the  ease  with  which  they  are  transported  with  dust  makts 
their  abundant  presence  in  milk  whidi  has  not  been  handled  with  the  ut- 
most care  easily  explainable. 

It  is  not  certain  that  these  organisms  produce  disease  in  man,  but  there 
are  numerous  observations  by  Flugge,  Vinoent,^  and  others  which  would 
indicate  that  their  entrance  into  the  alimentary  tract  in  large  numbers, 
particularly  ia  yotmg  children,  would  cause  severe  or  even  fatal  diarrhea 
and  toxemia.  The  rapidity  with  which  members  of  the  sybtilis-fnesen- 
iericus  group  grow  in  milk,  particularly  in  the  absence  of  lactic  acid  bac- 
teria, a  condition  which  is  more  frequently  met  with  in  pasteurized  than 
in  non-pasteurized  milk,  makes  this  food  potentially  dangerous.  Even 
at  comparatively  low  temperatures  they  grow  rapidly,  so  that  their  in- 
crease even  in  a  comparatively  short  time  may  be  very  considerable. 

^  Ayers,  Bur.  of  Animal  Ind.,  Bull.  126,  Nov.  14,  1910;  Circular  184,  Apr.  23.  1912; 
Bull.  i6i,  Mar.  24,  1913. 

^  Lubbert,  Z.  Hyg.,  22,  i  (1896). 

*  Flugge.  Ibid.,  17,  272  (1896);  Vincent,  "Acute  Intestinal  Toxemia  in  Infants, 
London,  191 1. 
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Tabui  IV. 
Whole  milk. 


^         s  tig       3 

I       I         I         I         tS^       tili 

H  ^  2  CU  2  2  Remarks. 

B.  subHlis. 
I       0.00        o.oto    — 0.10        0.00      0.00 

3    4-0.20    — 0.30    — 0.40        7.70      1.23     Coagulated;  slight  peptonization. 
7   — 0.30    — 1.60    — 0.30      23.8        376' 

14  — 1.50    — 2.70        73.5       11.80^ 

21        — 1.80    — 1.40      92.5      14.80 

28        — ^3.30    — 2.30    109.9      17.62^ 

B.  mesenUricus. 
I    +1.00     +2.80     +3.20        4.20      0.67 

3    +1.90     +4  90     +6.20      11.90       1. 91     Coagulated.     Some  peptonization. 
7    4-2.30     +5.20     +7.00      32.20      5.17 

14        4-6.90      56.70      910 

21    4-3.00     4-2.50     +5-6o      95.20    15.30 
28   4-3.80    4-4.20    4-6. 60    110.40    17.70^ 

B,  pyocyaneus. 
I    4-0. 10     4-0.20     4-0.  lo        0.70      o.n     Cream  ring  slight  green-bhie. 
3    4-2.30     4-0.70     +1.30        6.30      1. 01     Medium   thin,  yellow-green;    slightly 

viscid 
Medium  thin,  green-yellow,  very  viscid 


Marked  peptonization. 

Coagulated;  extensive  peptonization. 


Coagulated.     Extensive  peptonization 


Very  thin,  green,  very  viscid. 

Bacteriologists  ore  by  no  means  in  accord  in  defining  precisely  the  char- 
acters which  differentiate  the  members  of  the  hay  bacillus  and  potato 
bacillus  groups.  Theobald  Smith  states  that  B.  subtilis  ferments  no 
sugars,  that  is,  it  is  an  obligate  proteolyte,  in  other  words,  and  his  classifica- 
tion is  accepted  without  question  in  this  work.  B,  tnesentericus  ferments 
dextrose,  and  there  is  considerable  evidence  that  it  forms  fatty  adds, 
at  least  to  a  moderate  extent,  from  milk  fats.  Both  of  these  organisms 
have  been  fotmd  to  break  down  the  protein  of  milk  energetically,  as  is 
shown  in  the  accompanying  tables.  This  breakdown,  furthermore,  con- 
tinues without  interruption  for  at  least  four  weeks  at  the  body  tempera- 
ture, so  that  there  is  produced  at  the  end  of  this  time  no  mg.  of  ammonia 
above  that  of  the  uninoculated  controls  kept  imder  the  same  conditions. 
This  breakdown  of  protein  results  in  the  liberation  of  ammonia  which  cor- 
responds to  nearly  18%  of  the  total  nitrogen  of  the  milk.  Even  these 
active  proteolytic  organisms,  however,  do  not  produce  any  considerable 
amount  of  protein  breakdown  dining  the  first  24  hrs.  of  growth  at  body 
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temperature,  and  it  is  almost  certain  that  if  they  were  kept  at  room  tem- 
X>eratm'e,  or  at  the  temperature  at  which  milk  is  ordinarily  shipped,  that 
is,  below  50**,  these  changes  would  be  scarcely  detectable  in  the  first  few 
days.  This  should  not  be  construed,  however,  to  mean  that  milk  contain- 
ing considerable  numbers  of  these  organisms  is  a  fit  food  for  infants. 

B.  subiilis  produces  a  progressively  alkaline  reaction  in  milk,  which  is 
readily  explainable  on  the  basis  of  the  decomposition  of  the  milk  proteins, 
Tesulting  in  the  accumulation  of  ammonia  and  other  basic  products.  At 
the  third  day  peptonization  is  well  marked.  This  peptonization  con- 
tinues until  the  casein  of  the  milk  is  almost  completely  liquefied.  B. 
tnesentericus  produces  a  progressively  acid  reaction  which  manifests  itself 
in  spite  of  the  very  considerable  decomposition  of  protein  and  accumula- 
tion of  ammonia,  resembling  B,  pratens  in  this  respect.^  The  initial 
acidity  is  attributable  to  the  fermentation  of  the  small  amount  of  dex- 
trose or  dextrose-like  substances  normally  present  in  milk.  The  subse- 
quent development  of  add  is  perhaps  due,  in  part  at  least,  to  the  break- 
down of  milk  fat  and  the  liberation  of  fatty  acids.  Whether  a  coincident 
liberation  of  add  phosphates  takes  place  cannot  be  stated. 

B,  pyocyaneus  is  rarely  found  in  milk  which  has  been  properly  handled, 
but  it  may  occasionally  find  its  way  into  milk  through  contaminated 
water,  for  this  organism  is  sometimes  found  under  these  conditions. 
It  is  even  more  active  proteolytically  than  dther  B.  sttbiilis  or  S.  mesen- 
iericuSf  and  at  the  end.  of  the  third  week  more  than  170  mg.  of  ammonia, 
amounting  to  27.5%  of  the  total  nitrogen  in  milk,  has  accumulated. 
Dmring  the  first  24  hrs.  of  incubation  the  milk  becomes  blue-green  in  color, 
particularly  the  cream  layer,  and  by  the  end  of  the  third  day  the  milk 
is  decidedly  green  throughout.  It  is  then  very  visdd.  By  the  end  of  the 
second  week  the  milk  is  extremely  thin  and  watery  in  appearance,  and 
when  touched  with  a  platinum  needle  it  can  be  drawn  out  into  long,  slimy 
threads.  The  slight  aridity  which  appears  during  the  first  three  days 
is  perhaps* due  to  the  decomposition  of  certain  constituents  of  the  milk 
fat,  for  the  organism  ferments  no  sugar. 

Conclusions. 

1.  B.  subiilis  and  B.  mesentericus  and  B,  pyocyaneus  act  energetically 
upon  the  protein  constituents  of  milk. 

2.  Their  growth  in  milk  is  characterized  by  a  noteworthy  production 
of  ammonia  that  is  far  greater  in  amount  than  that  produced  by  the  ordi- 
nary pathogenic  bacteria. 

3.  The  production  of  ammonia  is  accompanied  by  a  progressively 
alkaline  reaction  in  the  case  of  B,  subiilis,  by  a  transient  initial  addity  in 
the  case  of  B.  pyocyaneus,  while  B,  meseniericus  produces  a  progressive 
addity. 

*  Kendall  and  Farmer,  J.  Bid.  Chem.,  12,  215  (19x2). 
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4.  B,  pyocyaneus  produces  a  green  coloration  in  milk  even  at  the  end 
of  24  hrs. 

7SXV.  The  Metabolism  of  B.  Diphtheriae»  B.  SuJ^estifeii  Vibrio 
Cholerae,  and  B.  Tuberculosis  in  Milk. 

One  of  the  diseases  which  is  definitely  transmissible  by  milk  from  man 
to  man  is  diphtheria.  There  are  numerous  instances  on  record  where 
epidemics  var3dng  from  a  few  cases  to  rather  extensive  outbreaks  have 
been  traced  definitely  to  milk  supplies.  Almost  without  exception  the 
evidence  is  completed  by  the  discovery  on  the  farm  or  at  some  station 
where  milk  has  been  handled  of  a  case  of  diphtheria,  or  a  diphtheria  carrier 
has  been  recognized. 

The  diphtheria  bacillus,  however,  as  appears  to  be  the  case  for  the 
majority  of  those  organisms  progressively  pathogenic  for  man,  does  not 
produce  deep-seated  changes  in  the  medium  in  which  it  is  growing.  A 
study  of  the  metabolism  of  the  diphtheria  bacillus  in  milk  which  s^pears 
below  shows  that  this  organism  produces  but  very  little  change  in  the  pro- 
tein constituents  of  milk,  the  amotmt  of  ammonia  formed  being  but  3.5 
mg.  per  100  cc.  in  14  days.  These  figures  are  in  close  agreement  with  those 
obtained  by  the  same  organism  incubated  under  parallel  conditions  in 
broth.  ^  This  organism  produces,  as  the  tables  show,  a  progres^ve  acidity 
in  milk,  the  amount  of  acid  produced,  however,  being  comparatively  little. 
Hiis  organism  ferments  dextrose,  and  it  is  certain  that  at  least  a  portion 
of  this  acidity  is  attributable  to  the  development  of  acid  from  the  small 
amount  of  dextrose-like  substance  which,  as  has  been  stated  above,* 
is  normally  found  in  fresh  milk.  Whether  any  of  the  acidity  produced 
by  this  organism  is  attributable  to  the  liberation  of  acid  phosphates,  in- 
cidental to  the  breakdown  of  casein,  or  whether  it  is  due  to  a  slight  de- 
composition of  milk  fats  cannot  be  stated.  This  organism  does  not  fer- 
ment lactose,  consequently  the  acidity  observed  cannot  be  attributable 
to  the  breakdown  of  this  sugar.  The  very  slij^t  changes  in  the  reaction 
.  and  composition  of  milk,  as  indicated  by  the  tables,  show,  conclusively 
that  this  organism  could  not  be  detected  in  milk  directly  by  ordinary  chem- 
ical procediu^es. 

The  bacillus,  Swine  Plague  No.  8,  is  a  member  of  the  hemorrhagic 
septicemia  group  pathogenic  for  swine.  It  is  not  an  organism  which  causes 
noteworthy  decomposition  of  protein.  Even  in  broth  containing  no  sugar, 
where  the  conditions  for  proteolysis  are  most  favorable,  this  organism 
has  been  shown  to  produce  but  very  little  decomposition.'  It  also  pro- 
duces but  very  little  protein  breakdown  in  milk,  the  maximum  amount, 

*  Kendall,  Day  and  Walker,  Tms  Journal,  35,  1209  (1913). 

*  This  Journal,  Study  xxxi.    Smith,  Theobald,  /.  Baa.  Soc.  Med.  Sci.,  a,  236 
(1898). 

*  Kendall,  Day  and  Walker,  This  Journal,  35,  1218  (1913). 
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Whole  mltk. 


Table  V. 


Whole  milk. 


I 

X 

3 

7 

14 

ai 


I 


I 

t 

I 


S 


B.  diphtheriae. 
— o.io  +0.10  0.00 
+0.80  -f-o.20  -f-0.40 
-I-1.70  -fo.6o  -fo.30 
-1-1 .00  +0.60  +0.70 
-f-i.io  +0.50  -l-i.io 


B,  suipestifer. 

I       0.00  +0.20  +0.50 

3    -fo.40  -fo.ao  +0.70 

7   — 0.80  +0.50  -fo.70 

14  — 1.50  — 0.10  -ho. 50 

21   — 1.30 — 0.90  -f-i.io 


40  0.23 
40  0.23 
40  0.23 
50  0.56 
40  0.23 


10  0.32 
80  0.46 
80  0.46 
80  0.46 
50  0.56 


I 
3 

7 

14 
21 
28 

I 
3 
7 

14 
21 
28 


^  Slightly  coagulated. 
'  Pinnly  coagulated. 
*  Milk  brown;  somewhat 


I 


3  2  S  2; 

Vihrio  cholerae, 
+0.40  +0.50  4-1.30  — 0.70 

4-o.8o  -ho. 50  4-0.70  0.70 

4-O.IO  4-0.70  -hi. 00  0.00 

4-0.30  4-0.30  4-0.90  2.10 

4-1.80  4-1.00  -ho. 90  2.80 
-ho. 90  -ho. 30  -ho. 70       1.40 

B.  tuberculosis  "W." 

4-0.10  4-0.20  4-0.20  0.00 
— 0.10 — 0.40—0.50  7.70 
— 0,60  — 1.80  — 1.60      7.70 

—0.20 — 2.70 — 1.70  9.10 

— 0.80  — 1.70  — 1.80  II. ao 

1. 00  — 2.20  1.80      12. 60 

*  Milk  brown;  thinner. 

•  Milk  brown;  very  thin. 


i 


oil 

O.II» 

o.oo* 
0.33* 
0.46* 
0.23 


0.00 
1.23 

I.23» 

1.4s* 

1. 80/^ 

2.02* 


thin. 


3.5  mg.,  being  found  on  the  21st  day.  This  slight  amount  of  ammonia, 
which  accounts  for  but  0.56%  of  the  total  nitrogen  of  the  milk,  is  so  slight 
that  it  ^ould  escape  detection.  There  is  a  slight  production  of  acid  which 
is  persistent  wheii  phenolphthalein  is  used  as  an  indicator,  but  which  is 
replaced  by  an  alkaline  reaction  when  the  milk  is  titrated  with  alizarin 
or  neutral  red  as  an  indicator,  the  alkalinity  disappearing  before  the  7th 
day  with  the  former,  and  between  the  7th  and  14th  days  with  the  latter. 
The  possible  sources  of  this  acid  are  so  numerous  that  no  definite  state- 
ment can  be  made  about  it  other  than  that  the  initial  acidity,  at  leasts 
can  logically  be  attributable  to  the  fermentation  of  the  small  amount  ^ 
of  dextrose  which  is  apparently  a  constituent  of  normal  milk.  Organisms 
of  the  hemorrhagic  septicemia  group,  it  should  be  stated,  have  never  been 
fotmd  in  demonstrable  numbers  in  market  milk;  consequently,  this  or- 
ganism has  but  little  significance  in  this  medium. 

The  vibrio  of  Asiatic  cholera  has  at  times  been  reported  as  transmissible 
from  man  to  man  through  milk.  The  observations  of  Hesse^  would  indi- 
cate that  fresh  cows'  milk  exercises  a  strong  bactericidal  action  upon  cholera 
vibrios  and  that  this  bactericidal  action  is  removed  when  milk  is  heated 
for  some  time.  Prolonged  heating,  according  to  Hesse,  appears  to  change 
milk  in  such  a  manner  that  cholera  vibrios  no  longer  grow  in  it.  It  is 
^  Hesse,  Z.  Hyg.,  17,  270  (1894). 
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generally  assumed  that  this  organism  finds  it  way  into  milk  through  con- 
taminated water,  for  the  cholera  vibrio,  so  far  as  is  known,  is  never  found 
in  the  intestinal  tracts  of  cattle :  it  is  conceivable  that  the  organisms  might 
be  introduced  into  milk  by  cholera  carriers  who  have  the  organisms  on 
their  hands.  A  certain  amoimt  of  presimiptive  evidence  in  favor  of  this 
view  is  f lunished  by  the  fact  that  without  exception  those  cases  of  cholera 
which  appear  to  have  been  acquired  from  drinking  milk  have  occurred 
in  the  Orient  where  the  handling  of  milk  is  very  much  less  carefully  regu- 
lated than  in  more  enlightened  commtmities.  The  cholera  vibrio  fer- 
ments lactose  fairly  readily  and  it  is  not  stuprising  to  find  a  certain  amotmt 
of  add  development  in  milk.  Kitasato,*  in  1889,  showed  that  the  growth 
of  cholera  vibrios  in  milk  was  associated  with  an  acid  reaction.  The 
amount  of  acid,  however,  is  not  very  great,  but, it  is  sufficient  to  cause 
coagulation  on  the  7th  day.  The  amotmt  of  protein  breakdown,  as  indi- 
cated by  the  accumulation  of  ammonia,  is  very  small  indeed:  this  is  in 
harmony  with  what  has  been  observed  previously*  when  this  organism 
is  grown  in  ordinary  broth  containing  utilizable  sugars,  the  carbohydrate 
sparing  the  protein  from  breakdown.  Here  again  the  dianges  induced 
in  the  milk,  even  when  it  is  kept  at  body  tempo'ature  where  conditions 
are  apparently  optimum  for  a  rapid  development  of  the  organisms,  are 
very  slight  and  would  absolutely  escape  detection  by  ordinary  chemical 
means. 

The  distribution  of  tubercle  bacilli,  particularly  bovine  tubercle  bacilli, 
in  milk  is  a  problem  which  has  been  studied  for  many  years.  The  con- 
sensus of  opinion  at  the  present  time  appears  to  be  that  occasionally  bovine 
bacilli  which  enter  the  intestinal  tract  of  man  with  milk — ^particularly 
young  children — may  sometimes  result  in  infection.  It  is  assumed,  tacitly 
at  least,  that  these  organisms  do  not  develop  appreciably  in  milk,  and  there 
are  very  few  references  in  the  literature  referring  to  the  effects  of  their 
growth  in  this  medium.  Klein,'  however,  has  shown  that  the  tubercle 
bacillus  may  grown  fairly  rapidly  in  this  medium.  B.  Tuberculosis  *  W.," 
which  has  been  studied  in  this  connection,  is  an  avirulent  human  tubercle 
bacillus  which  grows  fairly  rapidly  on  artificial  media.  It  will  be  observed 
fropi  an  examination  of  the  accompanying  table  that  this  organism  pro- 
duces a  fair  amotmt  of  ammonia  in  milk,  amounting  to  over  12.5  mg. 
per  100  cc.  in  28  days.  Over  half  of  this  ammonia  is  produced  by  the  end 
of  the  third  day,  indicating  that  at  least  the  rapidly  growing  varieties  of 
the  organism  develop  in  this  medium  with  moderate  Itixtu-iance.  The 
reaction  produced  is  progressively  alkaline  except  for  the  first  24  hotu^, 
when  there  appears  to  be  a  very  slight  acidity.    The  degree  of  alkalinity, 

^  Kitasato,  Z.  Hyg.,  5,  494  (1889). 

•  Kendall  and  Farmer,  /.  Biol.  Chem.,  la,  467  (191 2). 

«  Klein,  Cenl.  Bakt.,  I.  Abt.,  28,  iii  (1900). 


Digitized  by  VjOOQIC 


STUDIES  IN  BACTERIAX,  METABOUSM.      XXXI-XXXVU.  1953 

however,  never  becomes  very  great  and  a  coxisideration  of  the  metabolism 
of  tliis  strain  would  indicate  that  even  rapidly  growing  tubercle  bacilli 
do  not  produce  noteworthy  changes  in  milk.  At  the  end  of  the  7th  day 
the  milk  appears  to  be  somewhat  thinner  than  normal,  and  by  the  end  of 
the  third  week  it  is  very  thin,  almost  X)palescent,  resembling  in  this  respect 
milk  in  whkfa  B.  parcxtyphosus  beta  and  B.  icteroides  haVe  been  growing. 
It  is  very  probable  that  this  thinning  is  due  to  a  decomposition  of  the  casein. 
Monvoisin^  has  called  attention  to  the  milk  of  tuberculous  cattle.  His 
results  show  that  milk  drawn  from  cattle  with  tuberculous  udders  very 
frequently  exhibits  a  hypoacidity  and  the  milk  itself  is  very  thin,  resembling 
in  composition  normal  blood  serum.  It  would  appear  that  the  changes 
noticed  by  Monvoisin  are  qualitatively  somewhat  analogous  to  those 
noted  in  the  experiments  described  above,  particularly  with  reference  to 
the  increased  alkalinity  of  the  milk  and  the  gradual  thinning.  It  is  by 
no  means  to  be  assumed,  however,  that  the  changes  observed  by  this  author 
are  parallel  in  any  sense  with  those  observed  in  milk  infected  with  a  rapidly 
growing,  avirulent,  human  strain  of  the  tubercle  bacillus.  Moussu  and 
Mcmvoisin'  have  studied  the  composition  of  milk  of  tuberculous  cows 
somewhat  more  ext«isively  than  the  analyses  reported  above.  They 
find  that  in  cows  with  tubercidous  udders  the  acidity  of  the  milk  decreases 
as  the  disease  progresses.  There  is  a  decrease  in  the  casein,  which  has 
also  been  shown  by  Storch.  The  chlorine  content  of  the  milk  decreases 
and  the  normal  acidity  is  reduced  50%  or  even  75%.  The  total  nitrogen 
ccmtent  is  also  decreased  as  well  as  the  fat.  These  changes,  taken  in  con- 
nection with  the  analyses  recorded  above,  indicate  that  the  tubercle  bacillus, 
grown  in  milk,  and  in  milk  drawn  from  cows  suffering  from  advanced  tuber- 
culosis of  the  udder,  shows  a  noteworthy  diminution  in  its  general  composi- 
tion, these  changes  being  a  decrease  in  acidity,  or  rather,  an  increase  in 
alkalinity;  a  thinning  of  the  milk,  and,  according  to  Moussu  and  Mon- 
voisin, a  diminution  in  the  amount  of  butter  fat. 

Conclusions. 
(i)  The  diphtheria  bacillus  produces  no  visible  change  in  milk  even 
after  three  weeks'  growth  at  body  temperatiu-e,  and  chemically  the  changes 
are  so  sUght  as  to  escape  detection  by  ordinary  chemical  methods. 

(2)  The  cholera  vibrio  produces  an  acid  coagulation  in  milk  by  the  end 
of  the  third  day,  which  is  attributed  to  the  fermentation  of  the  lactose. 
There  is  but  little  coincident  protein  breakdown,  the  lactose  protecting 
the  milk  proteins  from  degradation. 

(3)  The  rapidly  growing,  avirulent,  human  tubercle  bacillus  grows 
luxuriantly  in  miDc,  producing  a  moderate  breakdown  of  the  proteins  and 
A  progressive  alkaline  reaction.    After  a  week's  incubation  the  milk  is 

*  Monvoisin,  Rev.  d.  Med.  Veierin.,  87,  16  (1910);  Compt.  rend.,  21  (1909). 
'  Moussu  et  Monvoisin,  Compt.  rend.,  62,  26  (1907). 


Digitized  by 


Google 


1954  ^'   1-   KENDALL,   A.   A.   DAY  AND  A.   W.   WALKER. 

distinctly  thinner  in  consistency  and  slightly  brownish  in  color.    At 
the  end  of  three  weeks  the  milk  is  decidedly  brownish  and  almost  opalescent. 

XXXVI.  The  Metabolism  of  Certain  Members  of  the  Coccal  Group  in 

Milk. 

There  has  been  a  great  deal  of  discussion  regarding  the  sigmfieanoe 
of  the  streptococci  fotmd  in  cows'  milk.  The  most  common  variety  of 
these.  Streptococcus  lacticus,  (Kruse),^  is  cultturally  very  similar  to  the 
Streptococcus  pyogenes,  according  to  Kruse,^  Heinemann,^  and  others. 
This  organism,  together  with  its  ntmierous  variants,  appears  to  be  an  almost 
constant  inhabitant  of  ordinary  milk,  in  which  medium  it  usually  produces 
an  add  coagulation.  Streptococci  which  are  but  imperfectly  differentiated 
from  Streptococcus  lacticus  are  found  frequently  in  the  milk  drawn  from 
cows  with  inflammed  udders,  and  epidemics  of  sore  throat,  frequently 
of  a  severe  natture,  have  also  been  attributed  to  streptococci  which  belong 
to  this  same  group. 

Streptococcus  pyogenes  grows  with  moderate  luxuriance  in  milk,  pro- 
ducing an  acid  coagulation  of  the  casein  on  the  third  to  the  seventh  day 
or  even  earlier,  due  to  the  fermentation  of  lactose.  It  might  be  confidently 
predicted,  and  the  table  shows,  that  there  is  no  considerable  coincident 
breakdown  of  protein,  which  is  indicated  by  the  relatively  slight  increase 
in  the  ammonia  content  of  the  milk  even  after  several  days'  incubation. 
Aside  from  the  coagulation  which  this  organism,  Streptococcus  pyogenes, 
brings  about,  there  is  no  noticeable  change  in  the  compositicm  of  the  milk, 
and  the  changes  even  when  meaJsiu-ed  quantitatively  are  very  little. 

Staphylococcus  aureus  is  much  more  actively  proteolytic  than  the  Strep- 
tococcus. This  organism  ferments  lactose  as  well  as  other  sugars,  and 
it  is  not  surprising  to  find  that  the  reaction  becomes  progressively  add, 
the  addity  amounting  to  7%  at  the  end  of  the  14th  day.  Coagulation 
is  already  complete  at  the  end  of  the  third  day  and  there  appears  to  be 
a  certain  amount  of  coincident  peptonization  which  is  most  marked  by 
the  end  of  the  third  week.  Whether  this  peptonization  is  in  reality  a  true 
liquefaction  of  the  casein  coagulum  or  a  contraction  of  it  cannot  be  stated 
definitely ;  from  the  rdatively  small  amotmt  of  ammonia  produced,  amount- 
ing to  but  12  mg.  in  14  days,  it  would  seem  that  the  proteolytic  activity 
exhibited  by  this  organism,  although  somewhat  greater  than  that  of  the 
Streptococcus,  is  not  sufiicient  to  account  for  what  appears  to  be  a  con- 
siderable degree  of  peptonization.  The  proportionate  increase  in  am- 
monia formed  by  the  Staphylococcus  in  milk,  as  compared  with  that  of 
the  Streptococcus,  is  in  about  the  same  proportion  as  the  ammonia  forma- 
tion by  these  organisms  in  broth  imder  the  same  conditions,  and  it  would 
appear  that  the  utilization  of  protein  by  the  Staphylococcus  is  accompanied 

»  Knise,  Centr.  Bakt.,  34,  737  (1903). 

»  Heinemann,  J.  Inf.  Dis.,  3,  173  (1906). 
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by  a  somewhat  deeper-seated  change  or  changes  of  the  protein  than  is 
the  case  when  the  Streptococcus  utilizes  the  same  protein.  Whether 
Staphylocaccus  pyogenes  aureus  or  the  chromogenic  variants  of  this  organism 
are  to  be  regarded  as  pathogenic  bacteria  occasionally  present  in  milk 
cannot  be  definitely  stated.  This  organism  usually  appears  to  gain  en- 
trance to  the-tissues  of  man  through  abrasions  in  the  skin,  or  occasionally 
through  damaged  mucous  membranes.  It  is  quite  unlikely,  however, 
tfiat  the  mucous  membrane  of  the  gastro-intestinal  tract  is  a  portal  of 
entry  for  this  organism. 

Table  VI. 

Whole  mUk.  Whole  milk. 
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a 

I 

I 


8 
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Si 


StrepUfcoccus  pyogenes. 

1    4-0.40  — 0.30  -fo.io    0.00 

3    +0.30  — 0.20  4-0.30    2.10 

7    +0.30  -ho. 30  4-0.30    1.40 

'4   4-0.50  4-0.40  4-0.50    2.80 

21    -f-0.30  4-0.70  4-0.60    3.50 

Staphylococcus  aureus. 

I    -fo.30  4-0.80   -I-1.20    2.10 

3    4-2.30  4-1.60  4-2.80  11.90 

7    4-3.00  4-4-70  4-6.60  11.90 

^4    +3.40  4-5.70  4-7.00  12.60 

21    +3-90  4-8.40  +6.80     9iio 


0.00 
0.33 

0.33> 
0.44' 
0.55' 

0.32 
1.87' 

l.87» 
i.98» 
I  43* 


S 


t 
I 
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Mi€.  Mymogenes. 

1      0.00  4-0.80  -I-2.20 

3  -hi. 30  4-3  10  -h5.40 

7  4-3.40  4-2.50  4-6.30 

14  4-3.30  4-3.60  +7.50 

21   4-3.30  -h3-8o  4-7.10 

Mic.  melitensis. 

I  4-0.20  4-O.IO  +0.70 

3  4-0.10  4-0.40  4-0.10 

7  — 0.40  4-0.50  4-0.50 

14  — 0.70  4-0.50  4-0.60 

21  — 1.50  4-0.60  +0.60 


2.80 
3.60 
5.60 
8.40 
8.40 

0.70 
1.40 
2.10 
3.80 
3.50 


0.44 

o.88« 
o.88« 
1.32* 
I  32* 

O.II 

0.22 
0.32 
o  44 

0.55 


*  Coagulation. 

*  Coagulation;  peptonization  slight  (?). 

*  Coagulation;  peptonization  marked. 

*  No  visible  coagulation;  peptonization  (?). 

Micrococcus  zymogenes  reacts  very  similarly  to  Staphylococcus  aureus 
in  milk,  producing  in  it  visible  changes  which  are  manifested  by  a  coagula- 
tion and  separation  of  serum,  by  a  moderate  accumulation  of  ammonia 
(amounting  to  about  9  mg.  in  100  cc.  of  milk),  and  by  a  progressively 
add  reaction  which  amounts  to  7.5%  at  the  end  of  two  weeks.  This 
organism,  like  Staphylococcus  aureus,  ferments  lactose,  and  the  accumula- 
tion of  acid  is,  therefore,  readily  explainable.  The  comparatively  small 
amount  of  ammonia  formed  would  speak  in  favor  of  the  separation  of 
serum  as  being  due  to  a  mechanical  contraction  of  the  casein  coagulum 
rather  than  to  an  extensive  liquefaction  of  the  casein. 

Micrococcus  melitensis,  which  is  the  etiological  agent  of  Malta  fever 
is  transmitted  to  man  through  the  milk  of  Maltese  goats.  It  is  also  found 
m  the  urine  of  these  anitnals.     Malta  fever  has  recently  become  endemic 


Digitized  by  VjOOQIC 


1956  A,  I.  KKNDALL,  A.   A.   DAY  AND  A.   W.  WAUKKR. 

in  certain  parts  of  the  United  States,  particularly  Texas,  where  it  has 
been  introduced  by  the  importation  of  goats  from  the  Island  of  Malta. 
Micrococcus  meliUnsis  grows  slowly  in  milk,  produces  but  little  ammonia 
and  a  shght,  progressive  add  reaction  which  is  indicated  by  an  increase 
in  the  titration  values  both  with  phenolphthalein  and  neutral  red.  With 
alizarin  as  an  indicator  the  reaction  after  the  third  day  becomes  slightly 
dlkaline;  the  explanation  for  this  phenomenon  is  not  known. 

Conclusions. 
(i)  Streptococcus    pyogenes ^    Staphylococcus    aureus,    and    Micrococcus 
tymogenes  produce  an  acid  coagulation  in  milk  which  is  visible  on  the  third 
day;  occasionally  it  may  be  visible  somewhat  earlier,  and  less  t3rpically, 
somewhat  later. 

(2)  The  amotmt  of.  acid  formed  varies  with  the  organism.  Streptococcus 
pyogenes  producing  relatively  little  acid,  Staphylococcus  pyogenes  and 
Micrococcus  zymogenes  producing  considerable  amounts  of  add. 

(3)  Staphylococcus  aureus  and  Micrococcus  zymogenes  form  somewhat 
more  ammonia  than  does  the  Streptococcus  pyogenes  under  the  same  condi- 
tions in  milk. 

(4)  Milk  cultures  of  Staphylococcus  aureus  and  Micrococcus  zymogenes 
exhibit  a  considerable  accumulation  of  dear  serum  after  coagulation  is 
complete :  whether  this  is  to  be  construed  as  a  true  Uquef  action  of  the  casein 
(peptonization),  or  a  mechanical  contraction  of  the  casein  with  the  ex- 
trusion of  whey  is  not  definitdy  known. 

(5)  Micrococcus  melitensis  grows  slowly  in  milk,  produces  no  visible 
change  and  but  very  Uttle  quantitative  change  in  chemical  composition. 

XXXVn.  The  Metabolism  of  Certam  Bacteria  in  Skimmed  Milk»  Whole 

Milk,  and  Cream. 

In  a  series  of  previous  communications  rdating  to  the  metabolism  of 
certain  bacteria  in  certified  whole  milk  containing  3.6% 'butter  fat,^ 
a  number  of  reactions,  chiefly  increases  in  acidity,  were  encountered,  for 
which  no  satisfactory  explanation  could  be'  advanced.  The  character  of 
these  reactions  suggested  that  they  might  be  attributable  to  the  action 
of  these  organisms  upon  some  constituent  or  constituents  of  the  cream, 
possibly  by  means  of  a  fat-splitting  ferment  or  Upase.  Attempts  to  study 
the  chemical  changes  in  the  cream  were  temporarily  defeated  because  of 
the  diffictilties  encountered  in  obtaining  representative  samples  for  analysis. 

The  observations  recorded  below  were  made  with  a  view  of  determining, 
grossly  at  least,  the  effect  of  butter  fat  (cream)  upon  the  metabolism  of 
these  bacteria.  For  this  purpose  certified  skimmed  milk  (containing 
0.15%  of  butter  fat),  certified  whole  milk  (containing  3.6%  of  butter  fat), 
and  certified  cream  (containing  40%  of  butter  fat),  prepared  in  the  usual 

»  Kendall,  Day,  and  Walker,  "Studies  in  Bacterial  Metabolism,  XXXI-XXXVI," 
inc.,  This  Journal,  36,  1920  (19 14). 


Digitized  by 


Google 


STUDIES  IN  BACTERIAL  METABOUSM.      XXXl-XXXVII.  1 95  7 

manner  discussed  above,  were  inoculated  under  like  conditions  with  certain 
of  these  organisms,  and  these  cultures,  respectively  in  skimmed  milk, 
whole  milk,  and  cream,  were  incubated  tmder  parallel  conditions  and  studied 
at  appropriate  intervals.    The  analyses  follow: 

Discussion. 

If  butter  fat  exerts  any  true  sparing  action  for  protein,  it  should  be 
manifested  by  noteworthy  differences  in  the  amounts  of  ammonia  produced 
when  the  same  organism  is  grown,  respectively,  in  skimmed  milk,  containing 
but  little  butter  fat,  and  in  cream:  that  is  to  say,  less  ammonia  would  be 
found  in  the  cream  cultures  than  in  the  corresponding  skimmed  milk  cul- 
tures. The  acidity  of  the  cream  cultures  under  these  conditions  might 
be  confidently  predicted  to  be  greater  than  those  in  skimmed  milk,  pro- 
vided carbohydrates  played  no  part  in  the  reaction.  On  the  other  hand, 
if  the  increase  in  acidity  observed  in  these  cultures  be  due  to  a  fat-splitting 
ferment  (a  lipase)  excreted  by  the  bacteria  or  liberated  from  them  as  the 
organisms  are  autolyzed,  the  cultures  should  show  an  increase  in  acidity 
without  a  noteworthy  diminution  in  ammonia  production.  Ip  other 
words,  a  true  foTiientation  of  the  butter  fat^  might  be  expected  to  shield 
the  protein  of  the  milk  from  bacterial  breakdown,  precisely  as  utilizable 
sugars  protect  the  protein  under  the  same  conditions,  although  perhaps 
not  to  the  same  extent;  while,  on  the  contrary,  the  action  of  a  ferment, 
a  lipase  in  this  instance,  might  be  conceived  to  be  more  or  less  independent 
of  proteolysis,  in  which  case  the  reaction  might  become  progressively  acid, 
although  proteolysis  progressed  normally.  It  is  conceivable  that  these 
differences  might  be  masked  on  the  one  hand  by  certain  mechanical 
factors,  particularly  prominent  in  cream,  for  this  medium  forms  a  compact 
layer  practically  impermeable  to  air,  and  it  is  quite  possible  that  the 
organisms  might,  therefore,  grow  less  luxuriantly  than  would  be  the  case 
in  skimmed  miUc  where  access  of  air  is  more  easily  obtained.  On  the 
other  band,  a  resultant  acid  reaction  might  be  met  with  even  though  the 
proteolysis  proceeded  normally,  because  the  amount  of  acid  produced 
by  the  activity  of  the  lipase  might  be  more  than  sufficient  to  neutralize 
the  alkalinity  of  the  basic  products  resulting  from  the  protein  breakdown. 
The  metabolism  of  such  a  culture  should  show  a  progressive  proteolysis 
of  greater  or  lesser  magnitude  associated  with  a  progressive  add  reaction. 

The  organisms  studied  in  this  connection  were  J5.  typhosus,  B,  para- 
typhosus  alpha  and  beta,  B.  coli,  B,  protein,  B,  pyocyaneus,  and  the  avirulent 
tubercle  bacillus  "W,"  all  of  these  organisms  being  represented  in  the 
earlier  studies  on  the  subject. 

B,  typhosus  and  B.  paratyphosus  alpha  and  beta,  as  shown  in  the  table, 
do  not  exhibit  any  marked  differences  in  metabolism  whether  they  are 

*  Rubner,  Arch.  Hyg.,  38,  67  (1900),  believes  that  bacteria  ferment  fats,  but  do 
not  split  fats,  by  lipase  action. 
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developed  in  skimmed  milk,  whole  milk,  or  cream.  The  amoimt  of  pro- 
tein breakdown  recorded  in  percentage  is  about  the  same  for  each  of 
these  organisms  in  each  of  the  media. 

B.  typhosus  and  B.  paratyphosus  alpha  produce  a  permanent  add  re- 
action in  skimmed  milk  as  well  as  in  whole  milk.  It  will  be  remembered 
that  an  acid  reaction  was  produced  by  these  organisms  in  whole  milk 
in  the  above-mentioned  studies.^  The  growth  of  these  organisms  in 
these  media  furnishes  no  definite  explanation  for  this  acid  reaction. 

B,  paratyphosus  beta,  similarly,  exhibits  an  initial  acidity,  which,  how-^ 
ever,  is  followed  by  an  alkaline  reaction.  It  is  apparent  that  the  variation 
in  composition  of  the  media  has  not  influenced,  in  any  noteworthy  manner,, 
either  the  nature  or  the  extent  of  the  metabolism  of  these  three  organisms. 

B.  colt  does  not  exhibit  any  noteworthy  diflFerences  in  metabolism  in 
the  three  media,  although  the  reaction  produced  is  somewhat  more  acid 
than  it  is  in  either  whole  milk  or  cream.  The  amount  of  ammonia,  however, 
formed  in  skimmed  milk  does  not  differ  materially  from  that  observed 
in  whole  milk  or  cre^wn,  and,  aside  from  the  slight  difference  in  reaction 
noted,  the  organism  appears  to  thrive  equally  well  in  the  three  media,, 
producing  in  them  changes  of  about  the  same  magnitude. 

B,  proteus  forms  more  ammonia  both  relatively  and  absolutely  in  cream 
than  it  does  in  either  skimmed  milk  or  whole  milk.  This  organism, 
it  will  be  remembered,  does  not  ferment  lactose;  consequently,  this  sugar 
cannot  exert  any  sparing  action  for  the  protein  constituents  of  milk  and 
cannot  have  any  part  in  the  production  of  acid  in  milk.  Why  the  pro- 
tein content  of  cream  should  undergo  a  greater  decomposition  than  the 
protein  of  skimmed  or  whole  milk  is  not  readily  explainable.  Notwith- 
standing the  increase  of  proteolysis  in  cream  as  contrasted  with  that 
observed  in  skimmed  or  whole  milk,  B,  proteus  effects  a  noteworthy 
decomposition  of  protein  in  either  instance,  amoimting  to  33  mg.  6f  am- 
monia in  the  milk  containing  less  butter  fat,  and  to  about  60  mg.  of  am- 
monia in  the  cream.  The  reaction  is  somewhat  less  acid  in  cream,  prob- 
ably due,  in  part  at  least,  to  the  proportionately  greater  accumulation 
of  ammonia.  It  is  difficult  to  explain  the  acid  reaction  produced  by  this 
organism  on  the  basis  of  information  contained  in  the  tables. 

B.  pyocyaneus  appears  to  act  less  energetically  upon  the  proteins  in 
the  cream  media  than  the  proteins  contained  in  whole  or  skimmed  milk. 
There  is  associated  with  this  restriction  of  proteolysis,  amoimting  to  about 
50%,  a  progressively  acid  reaction  to  phenolphthalein  in  cream.  Re- 
actions to  alizarin  and  neutral  red  are  less  accurate,  for  the  color  change 
induced  in  the  milk  as  the  result  of  the  growth  of  B.  pyocyaneus  obscures 
the  end  point  and  makes  the  titrations  less  acciu-ate.    The  noteworthy 

»  Kendall,  Day  and  Walker,  "Studies  in  Bacterial  Metabolism,  XXXI,"  This 
Journal,  36,  1920  (19 14). 
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difference  in  reaction  observed  in  cream  as  compared  with  skimmed  and 
whole  milk  \yould  appear  to  nde  out  the  possibility  of  a  restricted  growth 
of  the  organism  in  cream  as  a  possible  explanation  for  the  decrease  in 
proteolysis.  This  reaction  reaches  a  maximum  corresponding  to  2.8% 
acid  on  the  7th  day,  and  then  decreases  as  ammonia  formation  proceeds. 
Remembering  that  B.  pyocyaneus  ferments  no  sugars,  this  add  reaction, 
which  appears  dtuing  the  initial  stages  of  development  of  the  organism 
in  cream  and  also  in  skimmed  and  whole  milk  before  proteolysis  has  pro- 
gressed to  any  considerable  degree,  would  lead  to  the  plausible  asstunption 
that  this  acidity  may  be  due,  partially  at  least,  to  a  {at-^plitting  ferment. 
Sommaruga^  has  shown  that  both  5.  typhostis  and  B.  pyocyaneus  produce 
lipases  in  gelatin  and  agar  media  containing  oil  or  fats.  The  decrease 
in  acidity  after  the  first  week  may,  perhaps,  be  due  to  the  grudual  accumu- 
lation of  ammonia,  ammonia  formation  progressing  rapidly  at  this  time. 
It  is  stated  by  Michaelis*  that  alkalies  tend  to  inhibit  the  action  of  lipases 
of  vegetable  origin. 

The  avirulent,  rapidly  growing,  human  tubercle  bacillus  "W"  shows 
no  noteworthy  differences  in  metabolism  or  reaction  when  it  is  grown, 
respectively,  in  skimmed  milk,  whole  milk,  and  cream.  It  should  be  ob- 
served, however,  that  the  reaction  in  cream  is  less  alkaline  than  is  the 
case  in  either  skimmed  milk  or  whole  milk.  Whether  lipases  play  any 
part  in  this  reaction  or  not  cannot  be  stated  definitely.  The  organism 
produces  a  moderate  amoimt  of  breakdown  of  the  proteins  of  the  three 
media  respectively,  and  the  results  obtained  in  whole  milk  correspond 
•closely  with  those  recorded  in  the  previous  experiment  in  the  same  media.' 

Conclusions. 

(i)  B,  typhostis f  B.  pQratyphosus  alpha  and  beta,  B,  coli,  and  the  tubercle 
l)acillus  "W"  do  not  exhibit  any  marked  differences  in  their  nitrogen 
metabolism  as  measured  by  ammonia  formation,  or  in  their  reactions  to 
various  indicators  when  they  are  grown  under  similar  conditions  in  whole 
milk,  skimmed  milk  and  cream. 

(2)  The  permanent  add  reaction,  which  is  a  feature  of  the  growth  of 
B,  typhostis  and  B,  paratyphosus  alpha,  in  whole  milk,  is  also  produced 
in  skimmed  milk  and  cream.  The  initial  addity  followed  by  an  alkaUnity, 
which  is  a  characteristic  of  B.  typhosus  and  B,  paratyphosus  beta  in  milk, 
is  also  observed  in  cream. 

(3)  B.  proteus  is  more  proteolytic  in  cream  than  it  is  in  whole  milk 
or  skimmed  milk. 

^  Sommaruga,  Z.  Hyg.,  18,  454  (1894}. 

*  Michaelis,  Abderhalden's  "Handbuch  d.  biochem.  Arbeitsmethoden/'  Vol.  Ill, 
p.  23. 

■  Kendall,  Day  and  Walker,  "Studies  in  Bacterial  Metabolism,  XXXV,"  Tms 
Journal,  36,  1933  (1914). 
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(4)  B.  pyocyaneus  is  less  proteolytic  in  cream  than  it  is  in  \diole  milk 
or  skimmed  milk. 

(5)  The  presence  of  certain  pathological  bacteria,  B.  typhosus,  and 
B,  paratyphosus  alpha  and  beta,  cannot  be  detected  in  milk  by  the  chemical 
changes  which  they  induce  in  it. 

CmcAoo,  III. 
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STUDIES  IN  BACTERIAL  METABOLISM. 

By  Akthuk  I.  Kbndall,  Alsxandsk  A.  Day  and  Arthur  W.  Walxbx. 
Received  June  25.  1914. 

XXXVm.  Observations  on  Fat-SpUtting  in  Milk  by  Bacterial  Lqwse. 

A  study  of  the  metabolism  of  certain  bacteria  in  sterile  whole  milk 
disclosed  certain  reactions,  chiefly  relating  to  the  production  of  titratable 
add  in  the  presence  of  the  progressive  formation  of  basic  products  of 
protein  breakdown,  which  could  not  be  explained  by  any  available  in- 
formation. B.  typhosus  and  B.  paratyphosus  alpha,  for  example,  produced 
a  progressively  add  reaction  in  milk,  while  B,  paratyphosus  beta,  an  or- 
ganism very  closely  related,  both  qualitativdy  and  quantitativdy,  pro- 
duced a  terminal  alkalinity  in  the  same  medium  under  the  same  conditions. 
Similarly,  B,  proteus  and  B,  mesentericus  produced  a  progressive  add 
reaction,  while  B,  subtilis  produced  a  progressively  alkaline  reaction^ 
notwithstanding  the  fact  that  all  three  organisms  are  strongly  proteolytic. 
Several  possibilities  present  themselves  to  explain  these  results : 

(i)  It  might  be  assumed  that  there  is  a  Uberation  of  phosphoric  acid^ 
probably  as  acid  phosphates,  during  the  course  of  -the  bacterial  digestion. 

(2)  The  fermentation  of  fats  in  the  Rubner  sense,  ^  with  the  Uberation 
of  fatty  adds  from  the  cream,  might  be  a  possibility. 

(3)  These  organisms  may  secrete  lipases,  which  break  down  the  fatty 
constituents  of  the  milk,  perhaps  independently  of  the  protein  metabolism. 

(4)  Other  causes,  as,  for  example,  the  possible  formation  of  add-reacting 
products,  the  result  of  protein  decomposition. 

There  is  no  direct  evidence  for  any  of  these  assumptions,  so  far  as  these 
studies  have  shown:  there  is  a  certain  amoimt  of  d  priori  objection  to 
possibiUties  i,  2,  and  4,  chiefly  theoretical,  however,  and  due  to  imperfect 
knowledge  of  the  nature  of  intermediary  metabolism  of  bacteria.  To 
assume  the  presence  of  a  fat-splitting  ferment  would  appear  to  be  a  most 
logical  hypothesis  to  consider  first,  and  with  this  possibility  in  view  the 
following  experiments  were  made : 

Broth  cultures  of  B.  typhosus,  B,  colt,  B,  proteus,  B.  subtilis,  B.  tnesen- 

»  Rubner,  Arch.  Hyg.,  38,  67  (1900). 
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tertcus,  and  B.  pyocyaneus^  respectively,  in  plain  and  dextrose  broth  were 
grown  for  ten  days  at  37  ^  then  filtered  through  Berkefeld  filters  to  separate 
out  the  bacteria..  Plain  and  dextrose  broths  were  chosen  because  the 
products  formed  by  all  the  organisms,  except  B.  subtilis,  and  probably 
B.  pyocyaneus,  are  widely  different  in  the  two  media.^  There  is,  further- 
more, apparently  about  0.1%  dextrose  in  good  grades  of  milk,  an  amount 
which  the  dextrose-fermenting  organisms  can  soon  use  up,  however, 
forcing  them  then  to  utilize  other  substances  in  their  dietary.' 

Tabls  I. 

Ftttrate. 

Cc.  O.Q2  N  NaOH. 

Bthyl 
Cr««m.  btttjrrate.  Trlacetln. 

I  .     I       I        I 
I    ^ 

I  J  I        ' 

Plain  broth. 

B.  typhosus +0.90  0.00  +0.80  0.00  +0.10  0.00  -fo.50  +1.25 

B.ceU +0.80  +0.05  +0.70  0.00  +0.20  0.00  +0.45  +1.15 

B.  proleus -ho.20  0.00  -fo.20  0.00  — 0.75  0.00  — o.io  +0.85 

B,  sublilis +0.55  0.00  +0.65  0.00  -1-0.20  0.CXI  4-0.40  +1.IO 

B.  mesentericus -|-i.i5  +0.25  -hi. 25  -I-0.25  -fo.50  -fo.05  -fo.6o  -f-i.ao 

B.  pyocyaneus -fo.15  0.00  -fo.20  0.00  — 0.50  -j-o.io  -fo.15  -f-o.7o 

Cc.  0,02  N  NaOH. 
Dextrose  broth. 

B.  typhosus 4-2.70    4-0.10    4-2.90    4-0.15  4-1.65  -fo.30  -h2.io  4-130 

B,coU 4-2.80   4-0.05    4-3.00    4-o.os  4-2.35  4-0.15  4-2.50  4-1. 10 

B.  proUus 4-2.85    4-o.ao   4-3.00   4-0.20  4-2.25  4-0.35  4-2.40  4-130 

B,  subtilis 4-0.30       0.00    4-0.35       0.00  4-0.45  0.00  4-0.60  4-1.35 

B.  mesenUricus -i-2.10    4-0.20    -H2.20    4-0.20  -H1.65  -i-0.25  4-1.70  4-i.i5 

B.  Pyocyaneus -fo.40    4-0.20    -I-0.35    4-0.25  — 6.45  4-0.10  4-0.20  4-0.95 

Bacteria. 

Cc,  0.02  N  NaOH. 

B.  typhosus -fo.55    4-0.25    4-0.60    4-0.20       0.00    -I-0.15    4-0.30    4-0.60 

B.coli 4-0.45    4-0.15    -fo.50    -fo.15  — 0.15    -fo.15    4-0.35    4-0.80 

B.  proteus -fo.6o    4-0.40    -fo.45    -I-0.45  — 0.15    4-0.30    -fo.40    4-1.15 

B.  subtilis 4-0.60    -fo.25    4-0.65    +0.30  4-O.IO    -I-0.15    -fo.50    -hi. 00 

B,  mesentericus -fo.50    -fo.40    4-0.40    4-0.30  4-o.io    -I-0.25    4-0.40    4-110 

B.  pyocyaneus -fo.6o    4-0.35    4-0.55    4-0.30  4-0.05    4-0.15    4-0.40    4-1.00 

Controls. 

Cc.  0.02  N  NaOH. 

B.  typhosus -fo.50       0.00       0.00       0.00  -f 0.10    4-0.05 

»  Kendall,  Day  and  Walker,  Tras  JotmNAL,  35,  1243  (1913)- 
'Kendall,  Day  and  Walker,  "Studies  in  Bacterial  Metabolism,  XXXI,"  This 
Journal,  36,  1920  (1914). 
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The  details  of  the  technique  used  in  testing  lipolytic  activity  of  bacterial 
growth  have  been  described  in  detail  elsewhere^  and  will  not  be  referred 
to  here  other  than  to  mention  the  general  procedure. 

One  cc.  of  the  sterile  filtrate  was  introduced  into  large,  clean  test  tubes 
containing  toluol  water  (10  cc).  It  will  be  seen  that,  theoretically  at 
least,  but  Vioo  of  the  total  reactive  substance  of  the  original  culture  is 
thus  brought  under  observation,  for  the  initial  volume  of  each  culture  was 
uniformly  100  cc.  To  these  diluted  cultiu^es  0.25  cc.  neutral  ethyl  butyrate 
and  triacetin,  respectively,  were  added,  and  the  whole  thoroughly  mixed 
by  vigorous  shaking,  neutralized  to  phenolphthalein  with  0.02  N  NaOH 
or  HCl,  as  the  reaction  warranted,  and  incubated  at  37®  for  24  hours. 
The  increase  in  acidity  is  taken  as  a  measure  of  the  esterase  activity  of 
the  solution  in  which  the  determination  was  made.  Appropriate  controls, 
using  sterile  (tminoculated)  media  of  like  kind  and  amount  with  ester, 
and  ester  controls  in  water,  were  made  at  the  same  time,  and  inoculated 
under  the  same  conditions.  These  controls  were  uniformly  negative, 
that  is,  they  did  not  break  down  the  esters,  indicating  clearly  that  the 
reactive  substance  is  present  only  in  the  filtrates  of  the  cultures. 

To  determine  the  action  of  these  filtrates  in  cream,  i  cc.  of  40%  certi- 
fied cream  was  sterilized  in  the  autoclave,  after  the  addition  of  ip  cc  of 
distilled  water.  One  cc.  of  the  respective  filtrates  were  added  to  this 
sterile,  diluted  cream,  together  with  toluol,  and  examined  according  to 
the  same  procedure  with  suitable  controls. 

The  results  follow:  Table  VIII  shows  the  amount  of  0.02  N  NaOH 
required  to  neutralize  the  add  liberated  from  the  ester,  the  glyceride  and 
the  cream  (duplicate),  respectively,  as  these  substances  were  acted  upon 
by  the  sterile  filtrates  of  the  organisms  mentioned  above.  For  the  sake 
of  completeness,  the  initial  neutralizing  values  are  given,  which  indicate 
the  amounts  of  acid  or  alkali  necessary  to  bring  the  mixtures  of  filtrate 
and  ester  to  neutrahty  prior  to  incubation. 

Discussion. 

B,  mesentericus  appears  to  be  the  only  organism  which  elaborates  a 
reactive  substance  (lipase)  in  plain  broth,  which  forms  acid  by  breaking 
down  the  glycerides  in  the  cream.  None  of  the  plain  broth  filtrates 
of  the  various  organisms  appear  to  liberate  add  from  ethyl  butyrate, 
while  all  act  to  a  considerable  extent  on  triacetin.  Grown  in  dextrose 
broth,  the  filtrates  of  all  the  organisms,  except  B,  coli  and  B,  subtilis, 
produce  a  certain  amount  of  add  in  cream  after  24  hoiu^,  B.  typhosus 
somewhat  less  than  the  remaining  bacteria.  B,  typhosus,  B.  proteus  and 
B.  mesentericus  filtrates  (dextrose)  act  more  energetically  than  the  other 
organisms  on  ethyl  butyrate,  while  all  the  types  studied  liberate  consider- 
*  Kendall,  Walker  and  Day,  to  appear  in  /.  of  Infectious  Diseases,  November,  1914. 
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able  amounts  of  add  from  triacetin,  as  was  the  case  with  the  plain  broth 
filtrates.  It  will  be  seen  from  Table  VIII  that  the  filtrates  of  those  bac- 
teria which  ferment  dextrose  are  more  active  lipol)rtically  than  the  corre- 
sponding plain  broth  filtrates.  This  may  be  attributable,  in  part  at  leasts 
to  the  greater  luxuriance  of  growth  in  dextrose  broth.  These  results 
do  not  fully  meet  the  requirements  of  the  hypothesis,  however,  for  it  is 
conceivable  that  those  bacteria  whose  filtrates  do  not  exhibit  any  ap- 
preciable action  on  the  cream  might  still  contain  within  their  bodies  an 
endo-ferment,  which  was  not  present  in  the  culture  media  separated  from 
them  by  filtration  through  porcelain. 

To  examine  this  possibility,  the  organisms  mentioned  above  were  in- 
oculated upon  slanted  plain  nutrient  agar,  the  area  of  which  was  about 
50  sq.  cm.  per  organism.  The  bacteria  were  washed  from  the  agar  after 
three  days'  incubation  at  37**  with  5  cc.  of  sterile  toluol  water.  This 
killed  the  cn-ganisms.  The  suspension  was  then  thoroughly  shaken  to 
distribute  the  bacteria  uniformly,  and  i  cc.  of  this  suspension  of  dead 
organisms  was  added  to  the  cream  (in  duplicate),  ethyl  butyrate  and  tri- 
acetin,  respectively,  as  outlined  above.  The  reaction  was  adjusted  to 
the  neutral  point  of  phenolphthalein,  then  incubated  at  37**  for  24 
hours. 

The  results  appear  in  Table  VIII.  All  the  organisms,  except  B.  mesen- 
tericus,  produced  more  add  in  cream  than  did  the  filtrates  of  the  broth 
cultures,  dtber  plain  or  dextrose.  The  killed  ctdture  of  B.  mesentericus 
liberated  no  more  add  from  cream  than  did  the  dextrose  filtrate.  The 
killed  colture  of  B.  protet^  y^Bs  about  as  active  as  the  killed  culture  of 
B,  mesentericus  in  cream,  and  both  these  organisms  exhibited  greater 
lip<dytic  activity  than  the  remaining  bacteria.  Generally  speakings 
the  less  proteolytic  bacteria  of  this  series  are  less  active  lipol3rtically, 
particularly  in  cream. 

It  has  been  claimed  that  the  butter  fat  of  milk  is  an  emulsion  of  ex- 
tremdy  finely  divided  fat  droplets,  each  droplet  being  encased  in  a  pro- 
tein-Hke  envdope.  The  possibility  presents  itsdf,  therdore,  that  the 
activdy  proteolytic  bacteria  may  have  produced,  paralld  with  the  lipase, 
an  exo-proteolytic  ferment,  and  that  this  ferment  may  have  dissolved 
the  protein-like  envelope,  exposing  the  fat  to  the  direct  action  of  the  lipase. 
The  sterile  filtrates  of  the  broth  cultiu-es  (plain  and  dextrose)  of  the  various 
organisms,  consequently,  were  tested  for  an  exo-proteolytic  ferment, 
using  carbol  gdatin  (0.50%  carbolic  add,  8%  gdatin)  as  a  substrate, 
I  cc  of  the  dextrose  and  plain  broth  filtrates,  respectively,  being  added 
to  a  column  of  this  (sterile)  carbol  gelatin  whose  dimensions  were  60  X  15 
mm.,  and  incubated  at  37®  for  two  days.     The  results  follow: 
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LlQUBFACnON. 

Plain  broth.  Dextrose  broth. 

B.  typhosus 

B.  coU 

B.  Proteus Complete  

B.  mesetUericus Complete  

B.  pyocyaneus Complete 

It  will  be  observed  that  B.  proteus  and  B.  fnesentericus,  which  ferment 
dextrose,  produced  no  demonstrable  gelatinase  in  dextrose  broth,  while 
in  plain  broth  (of  precisely  the  same  composition  and  reaction,  except 
for  the  dextrose)  a  very  active  gelatinase  was  demonstrable.  This  sug^ 
gests  strongly  that  the  sparing  action  of  dextrose  for  protein  also  influences 
the  production  of  proteolytic  ferment.^  The  production  of  an  active 
gelatinase  by  B.  proteus,  mesentericus,  and  pyocyaneus  in  filtrates  of  broth 
ctdtures  simultaneously  with  active  lipases  would  appear  to  warrant  the 
tentative  assumption  that  these  proteolytic  ferments  might  dissolve  the 
protein-like  envelope  surrounding  the  droplets  of  fat,  thus  facilitating  the 
lipol3rtic  splitting  of  this  fat. 

Conclusions. 

(i)  The  sterile  filtrates  of  broth  cultures  of  certain  bacteria  split  certain 
esters  and  glycerides  with  the  liberation  of  add. 

(2)  Generally  speaking,  the  filtrates  of  dextrose  broth  cultures  of  these 
organisms  are  more  active  than  the  corresponding  plain  broth  filtrates. 

(3)  This  increased  activity  of  the  dextrose  filtrates  may  be  attributable, 
in  part  at  least,  to  the  greater  luxtuiance  of  growth  of  the  bacteria  in  this 
meditun. 

(4)  Autolyzed  killed  cultines  of  the  same  bacteria  also  split  esters 
and  fats;  and  absolute  meastu^  of  the  respective  lipolytic  activity  of  the 
filtrates  and  bacteria,  is  not  available. 

(5)  Certain  proteol)rtic  bacteria,  B,  proteus,  B.  mesetUericus,  and  B. 
pyocyaneus  appear  to  split  cream  somewhat  more  actively  than  the  less 
proteolytic  organisms.  They  produce  a  soluble,  active  gelatinase  in  media 
containing  no  utilizable  carbohydrate. 

(6)  The  presence  of  this  gelatinase  in  cultures  containing  active  lipase  * 
appears  to  be  associated  with  a  more  extensive  liberation  of  acid  from  butter 
fat  (cream),  but  not  from  ethyl  butyrate  and  triacetin. 

(7)  The  extent  of  the  splitting  of  ethyl  butyrate  and  triacetin  by  all 
the  bacteria  studied  (both  filtrates  and  killed  organisms)  appears  to  be 
independent  of  their  relative  proteolytic  activity. 

Chicaoo,  III. 

*  Kendall,  Boston  Med.  and  Surg.  J.,  163,  322  (1910);  /.  Med.  Research,  25,  117 
(1911). 
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NOTE. 

A  Device  to  Aid  in  Freeing  a  Precipitate  from  Mother  Liquor  when  Fil- 
tering by  Suction. — In  using  a  BUchner  ftmnel  and  filtering  by  suction,  it 
often  happens  that  cracks  will  form  in  a  bulky  precipitate  and  break  the 
vacuum.  Even  if  the  precipitate  is  fairly  compact  it  is  often  difficult  to 
remove  a  very  considerable  part  of  the  mother  liquor.  Both  of  these  diffi- 
culties may  easily  be  obviated  if,  after  the  precipitate  appears  fairly  dry 
on  the  filter,  one  fastens  over  the  top  of  the  Btichner  funnel  a  piece  of  thin 
sheet  rubber,  held  in  {dace  by  a  rubber  band.  The  suction  within  the 
flask  draws  the  rubber  down  until  it  presses  fiomly  over  the  sides  of  the 
funnel  and  over  the  top  of  the  precipitate.  The  efficiency  of  this  method 
may  be  noted  by  the  renewed  dropping  of  liquid  from  the  ftumel.  The 
surface  of  the  rubber  may  now  be  tightly  pressed  with  a  pestle  or  with  the 
hand  without  fear  of  either  breaking  the  filter  paper  beneath  or  of  contam- 
inating the  precipitate. 

I  find  that  one  can  easily  get  a  pressure  equivalent  to  745  mm.  of  mer- 
cury when  the  barometer  stands  at  760  mm.,  and  that  under  such  pressure 
a  precipitate  becomes  as  dry — or  drier — ^than  it  would  be  if  it  were  re- 
moved from  the  fimnel,  folded  in  doth,  and  pressed  in  a  ''beef -juice" 
press.    The  sheet  rubber  can  be  easily  washed  and  used  repeatedly. 

Ross  Aiken  Gortnbr. 

DiY.  OF  Soils.  Univ.  Pakm. 
St.  Paul.  Minm. 
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Amnud  Tablet  of  Constants  and  Numerical  Data,  Chemical,  Physical  and  Technological. 
Published  under  the  auspices  of  the  International  Association  of  Academies  and 
under  the  direction  of  an  international  commission  appointed  by  the  VII  Inter- 
national Congress  of  Applied  Chemistry.  Volume  III,  for  the  year  191 2,  Ul  + 
595  PP*  Chicago:  University  of  Chicago  Press,  1914.  Price,  paper,  $6.40  net,  $6.94 
postpaid;  cloth  bound,  $7.20  net,  $7.76  postpaid. 

The  third  volume  of  these  indispensable  tables  exhibits  several  features 
not  found  in  the  previous  volumes.  In  certain  chapters  alphabetical  Usts 
of  substances  for  which  data  are  recorded  add  to  the  convenience  of  the 
tables.  A  general  index  of  technical  substances  for  the  whole  volume  has 
also  been  added.  For  every  five  volumes  it  is  proposed  to  pubUsh  a  general 
index  of  all  substances  for  which  data  of  any  kind  are  recorded.  The 
following  chapters  of  the  present  volume  have  been  issued  also  in  the  form 
of  separates:  Spectroscopy,  radioactivity,  electricity,  magnetism  and 
electrochemistry,  metallurgy  and  engineering,  mineralogy,  and  biology. 
At  the  end  of  Volume  III  tables  of  errata  for  the  first  three  volumes  are 
presented.  Attention  may  be  called  again  to  the  importance  of  notifying 
the  editor  of  errors  in  each  volume.  Postal  cards  for  this  purpose  are 
bound  with  each  volume.     Every  investigator  should  make  it  his  duty  to 
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verify  the  record  of  all  data  determined  by  him  and  to  notify  the  editor 
of  any  errors  which  appear. 

The  war  in  Europe  can  not  fail  to  interfere  with  all  international  mider- 
takings  of  the  character  of  these  tables  and  upon  the  countries  not  directly 
involved,  and  especially  upon  this  country,  will  fall  the  duty  of  carrying 
on  this  work  without  interruption.  The  chemical  and  physical  societies 
of  American  should  increase  as  much  as  possible  their  financial  support 
to  this  extremely  important  work  and  should  take  all  necessary  steps  to 
prevent  its  interruption.  It  is  to  be  hoped  that  the  Secretary's  ofl5ce 
win  be  removed  as  soon  as  possible  to  a  neutral  country  whose  mail  service 
can  be  depended  upon  and  that  he  will  receive  all  the  support,  financial 
and  otherwise,  which  the  present  crisis  renders  necessary. 

E.  W.  Washburn. 
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THE  FREE  ENERGY  OF  OXYGEN,  HYDROGEN,  AND  THE 
OXIDES  OF  HYDROGEN,' 

By  Qilbskt  N.  Mwia  akd  M««x.s  Randall. 
Received  June  15,  1914. 

Elementary  Oxygen.* 

The  standard  state  of  oxygen  will  be  gaseous  oxygen  at  a  pressure  of 
one  atmosphere.  We  might  proceed  from  existing  data  to  calculate  the 
free  energy  of  liquid  and  solid  oxygen,  but  since  th^  required  data,  are  still 
somewhat  uncertain,  and  since  these  calculations  must  be  pretty  exact  to 
be  of  value,  we  shall  postpone  the  calculation  of  the  free  energy  of  oxygen 
and  hydrogen  in  the  liquid  and  solid  state  until  further  data  are  at  hand. 

Oxygen  tmquestionably  dissociates,  at  the  high  temperatures  which  are 
now  available,  into  monatomic  molecules,  but,  as  yet,  no  quantitative 

1  This  is  the  first  of  a  series  of  papers  in  which  the  free  energy  of  formation  of  the 
more  important  compounds  will  be  calculated  and  tabulated. 

*  It  is  perhaps  impossible  to  prepare  such  tables  as  these  without  permitting  some 
-errors  to  creep  in.  but  every  precaution  which  might  serve  to  eliminate  such  errors 
has  been  taken;  the  experimental  data  have  been  most  carefully  scrutinized  in  order  to 
determine  not  only  the  most  probable  value  in  each  case,  but  also  the  order  of  magnitude 
of  the  possible  error.  As  a  rule,  however,  this  estimate  of  error  has  been  indicated  only 
by  the  nimiber  of  significant  figures  used.  As  a  safeguard  against  error  in  computation 
«very  calculation  has  been  carried  on  independently  by  the  two  authors. 
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measurements  are  at  hand  for  the  calculation  of  the  free  energy  of  this 
important  reaction. 

j/2  Of  =  0%. — ^The  heat  capacity  of  ozone  has  not  been  accurately  de- 
termined. We  shall,  however,  make  no  great  error  in  assuming  that  the 
equation  which  holds  for  the  two  triatomic  gases,  ^  COs  and  SOs,  is  applicable 
in  this  case  also,  namely: 

0»;  C^  =  7.0  +  0.0071T  —  0.00000186T*  (i) 

from  which  we  may  subtract  the  heat  capacity  of  3/2  mols  of  oxygen  from 
the  equation 

Oj;  C^  =  6.50  +  0.0010T, 
whence 

Ar  =  —2.75  +  0.0056T  —  0.00000186T*  (2) 

and' 

AH  «  AHo  —  2.75T  +  0.0028T*  —  o.oooooo62T»  (3) 

The  heat  of  this  reaction  has  been  determined  by  a  number  of  investi- 
gators, who  have  obtained  values  for  AH  ranging  from  23000  to  36000* 
cal.  These  results  are  fully  discussed  in  Ostwald's  "Lehrbuch.'\  We 
will  take  34000  cal.  as  the  most  probable  value.    Hence 

AH  =  34600  —  2.75T  +  0.0028T*  —  o.oooooo62T»  (4) 

and 

AF*"  =  34600  +  2.75T  hi  T  —  o.oo28T«  +  o.oooooo3iT»  +  IT  (5) 

The  attempts  to  study  the  free  energy  of  this  reaction  have  achieved 
little  success.  The  potential  of  the  ozone  electrode  has  been  studied,, 
especially  by  Luther  and  Inglis,*  who  obtained  nearly  reproducible  po- 
tentials by  means  of  a  platinum  electrode  surrounded  by  ozone,  but  they 
were  unable  to  determine  definitely  the  nature  of  the  electrode  reaction, 
and,  in  fact,  it  was  later  shown  by  Luther*  that,  with  an  iridium  electrode, 
values  differing  from  those  with  the  platinum  electrode  by  as  much  as- 
0.2  volt  could  be  obtained. 

The  numerous  unsuccessful  attempts  to  detect  ozone  in  oxygen  suddenly 
cooled  from  a  high  temperature  were  shown  by  Clement*  to  be  due  to 
the  extremely  rapid  rate  of  decomposition  of  ozone  even  at  comparatively 
low  temperatures.  Later  Fischer  and  Braehmer*  succeeded  in  obtaining 
ozone  by  heating  a  filament  to  about  2300®  A  under  liquid  oxygen.  If 
we  admit  the  validity  of  certain  assumptions  suggested  by  Fischer  and 
Braehmer,  which,  however,  at  best  could  be  only  very  roughly  true, 

^  Lewis  and  Randall,  This  Journal,  34,  1128  (1912). 

*  For  a  discussion  of  the  fundamental  equations  and  notation  see  Lewis,  Ibid.^ 
35«  I  (1913). 

*  Luther  and  Inglis,  Z.  physik.  Chem.,  43,  203  (1903). 

*  Luther,  Z.  Elektrochem.,  11,  832  (1905). 

*  Clement,  Ann.  Physik.,  [4]  14,  334  (1904). 

*  Fischer  and  Braehmer,  Ber.,  39,  940  (1906). 
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the  oxygen  at  the  temperature  of  the  filament  contamed  one  mol  per 
cent,  of  ozone,  whence  K  =  pojipch)*^*  =  0.01 ;  and  if  R'  is  the  gas  con- 
stant in  calories  per  degree,  AF**28oo  =  — ^R'T  In  K  =  21000  cals.  Sub- 
stituting in  (5)  gives  I  =  — 22.4.  whence  AF*^j98  =  32400. 

It  is,  however,  doubtful  whether  even  the  order  of  magnitude  of  the 
•equilibritun  constant  between  oxygen  and  ozone  can  be  safely  estimated 
from  the  data  here  employed. 

Elementary  Hydrogen. 
We  shall  take  ordinary  gaseous  hydrogen  at  a  pressure  of  one  atmosphere 
as  the  standard  state.    The  only  reaction,  involving  only  elementary 
hydrogen,  which  we  shall  consider  here  is  the  very  interesting  reaction 
investigated  by  Langmuir.* 

Ht  =  2H, — Langmuir's  measurements  of  the  equilibrium  in  this  re- 
action between  2500 *^A  and  3300 ®A  depended  upon  a  highly  ingenious 
and  novel  method  of  calculation  which  is  apparently  correct  in  principle, 
but  involves  certain  assumptions  which  his  later  work*  have  shown  to  be 
in  some  respects  erroneous.  In  his  first  paper  he  calculated  the  heat  of 
this  reaction  as  — 136000  cal.,  and  the  degree  of  dissociation  of  hydrogen 
at  one  atmosphere  as  0.04  at  2500  ^A.  Dr.  Langmuir  has  been  kind  enough 
to  give  us  the  results  of  a  preliminary  calculation  of  his  new  data,  which 
give  the  degree  of  dissociation  at  2500  ®A  as  about  o.oi,  and  the  heat  of 
the  reaction  as  between  — 54000  and  — 75000  cal.,  the  most  probable 
value  being  in  the  neighborhood  of  — 6400O;  which  is  the  value  obtained 
theoretically  by  Bohr*  from  his  hypothesis  concerning  the  structure  of 
atoms. 

We  know  little  concerning  specific  heats  at  these  high  temperatures, 
but  shall  assume,  as  at  lower  temperatures,^  that 
H,;  C^  =  6.5  +  0.0009T 
H;  C^  =  5.0 
Hence  for  the  total  increase  in  heat  capacity 

^r  =  3.5  —  0.0009T.  (6) 

And,  assuming  AHssoo  to  be  64000, 

AP**  =  61000  —  3.5T  hi  T  +  0.00045T*  -f-  20.2T,  (7) 

where  the  value  of  I  =  20.2  is  obtained  as  follows:    At  2500** A,  if  the 
pressure  of  Hs  is  one  atmosphere,  and  of  H,  o.oi  atmosphere,  K  =  o.oooi 
and  AF^'isoo  =  — R'T  In  K  =  45800;  and  thence  I  =  20.2,  and  AF^gg  = 
61 100. 
The  determination  of  the  dissociation  of  elementary  gases  into  the 
^  Langmuir,  Tms  Journal,  34,  860  (1912). 
«  Langmuir,  Phil,  Mag.,  27,  188  (1914). 

•  B<^,  Ibid,,  36,  857  (1913). 

*  Lewis  and  Randall,  This  JoiTitNAL,  34f  1128  (1912). 
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monatomic  forms  is  of  the  greatest  importance.  If  we  could  use  as  the 
standard  state  of  each  element  its  monatomic  gas  at  standard  pressure^ 
this  would  probably  be  a  most  important  step  towards  the  theoretical 
calculation  of  the  thermodynamically  imdetermined  ccmstants  of  chemical 
afiBnity. 

Hydrogen  Ion. 

VaJ^a  +  0  =  H"^'  —  Hydrogen  ion  in  water  is  doubtless  largely 
hydrated.  While  the  h3rdronium  ion  OHs"^  is  presumably  less  stable 
under  similar  circumstances  than  the  corre^x>nding  ammonitmi  ion 
NHi"^,  it  probably  exists  in  considerable  amount,  together  with  higher 
hydrates  of  hydrogen  ion,  in  every  aqueous  add  solution.  For  the  pur- 
pose of  such  thermodynamic  calculations  as  we  are  about  to  make,  it  is 
justifiable  to  assume  the  simplest  formula  for  hydrogen  imi,  namely,  H"*", 
and  the  formation  of  this  ion  in  aqueous  solution  will  be  represented  by 
the  above  equation. 

The  value  of  AF°  for  this  reaction  will  be  understood  to  be  the  increase 
in  free  energy  when  one-half  mol  of  hydrogen,  at  atmospheric  pressure,, 
and  one  equivalent  of  positive  electricity  disappear,  and  one  mol  of  hydro* 
gen  ion  appears  in  aqueous  solution  at  (hypothetical)  molal  concentra- 
tion.^ Now,  since  it  is  impossible  at  present  to  determine  the  absolute 
free  energy  change  in  any  such  "half  reaction,"  it  has  seemed  desirable* 
to  regard  the  normal  free  energy  change  of  this  particular  half  reaction  as 
zero  at  all  temperatiu-es. 

V»H2  +  ®  =  H+;  AF**  «  o  (all  temperatures)  (8) 

This  is  equivalent  to  the  convention  that  for  the  normal  electrode 
potential  of  hydrogen, 

E®  ^  o  (all  temperatures)  (9) 

Hydrogen  and  Calomel  Electrodes. 

Since  we  are  to  take  the  normal  potential  of  the  hydrogen  electrode  as 
the  arbitrary  zero  of  single  potential,  and  refer  all  other  single  potentials 
to  it,  it  is  desirable  to  know  accurately  the  rel&tion  between  this  standard 
electrode  and  others  which  are  in  common  use.  The  older  work  on  the 
hydrogen  electrode  by  Smale,  Wilsmore  and  others'  has  been  superseded 
by  work  of  the  last  few  years.  We  shall  refer  especially  to  the  papers  of 
Bjerrum,*  Lorenz  and  Bohi,^  Loomis  and  Acree,'  and  to  an  unpublished 

*  A  solution  is  said  to  be  at  (hypothetical)  molal  concentration  with  respect  to 
hydrogen  ion  when  the  activity  of  hydrogen  ion  in  this  solution  is  n  times  as  great  as 
in  a  I /n  if  solution  of  hydrogen  ion,  where  n  is  a  large  number. 

*  Lewis,  Tms  Journal,  35,  25  (1^13). 

»  See  Wilsmore,  Z.  physik.  Chem.,  35,  291  (1900). 

*  Bjerrum,  Ihid.,  53,  430  (1905). 

*  Lorenz  and  Bdhi,  Ibid.,  66,  733  (1909). 

*  Loomis  and  Acree,  Am.  Chem.  /.,  46,  585  (191 1). 
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investigation  of  Lewis  which  was  interrupted  several  years  ago  and  has 
never  been  completed.  However,  a  number  of  accurate  measurements 
were  made  of  the  hydrogen  potential  at  different  temperatures  and  pres- 
sures, and  in  add  and  alkaline  solutions,  and  the  results  will  be  given  here. 

The  most  important  measurements  for  our  purpose  are  those  whidi 
have  been  made  in  o.iM  HCl  against  a  calomel  electrode  in  o.iM  KCl 
or  o.iAf  HCl.    In  the  latter  case  there  is  no  liquid  potential. 

The  cell  H2,  HCl  (o.iM),  KCl  (o.iM),  HgCl,  Hg  gives,  according 
to  Bjerrum,  E  =  0.4270  volt  at  25*^.  At  the  same  temperature  Loomis 
and  Acree  find  E  =  0.4266.  In  order  to  compare  these  values  with  those 
obtained  against  the  o.iAf  HCl  calomel  electrode  it  is  necessary  to  know 
the  e.  m.  f.  of  the  cell  Hg,  HgCl,  KCl  (o.iM),  HCl  (o.iM),  HgCl,  Hg. 
If  we  assume,  what  is  undoubtedly  yery  nearly  true,  that  the  two  single 
electrode  potentials  in  this  combination  have  the  same  value,*  then  the 
whole  electromotive  force  of  this  cell  is  the  potential  between  the  liquids. 
This  liquid  potential  calculated  by  the  formula  of  Lewis  and  Sargent 
is  — 0.0284  volt.*  Bjerrum*  has  studied  the  electromotive  force  of  this 
combination  and  finds,  as  Lewis  and  Rupert  also  found,  that  the  liquid 
potential  changes  with  the  time.  He  showed,  moreover,  that  different 
values  were  obtained  according  to  the  way  in  which  the  contact  between 
the  two  liquids  was  made.  His  best  value  was  E  =  — 0.0278  volt.  The 
values  obtained  by  Lewis  for  this  combination  were,  however,  near  the 
theoretical  value  — 0.0284  volt,  and  this  is  the  value  we  shall  adopt  for 
the  present.* 

By  adding  together  the  values  of  E  obtained  for  the  two  cells,  we  find 
for  the  combination  Hj,  HCl  (o.iM),  HgCl,  Hg;  E  «  0.3986  (Bjerrum), 
and  0.3982  (Loomis  and  Acree).  Lewis  found,  as  a  mean  of  several  direct 
determinations,  0.3987  at  25*.*  The  mean  of  these  values  is  E  =  0.3985. 
In  all  of  these  cases  the  hydrogen  was  not  at  atmospheric  pressure,  but 
at  one  atmosphere  less  the  pressiu'e  of  water  vapor  at  25^.    We  must, 

^  Lewis  and  Sargent,  This  Journal,  31,  363  (1909). 

*See  Lewis  and  Rupert,  Ibid.,  33,  299  (1911).  The  value  obtained  by  the  un- 
modified formula  of  Planck,  — 0.0266,  is  unquestionably  erroneous. 

•  Bjerrum,  Z.  EUctrockem.,  17,  61  (191 1). 

•  Since  this  paper  was  first  written  the  hydrogen  electrode  potential  has  been  very 
carefully  investigated  in  this  laboratory  by  Mr.  Sebastian.  His  work  is  to  be  published 
shortly.  In  the  meantime  we  have  rewritten  certain  sections  of  this  paper  in  order  to 
include  some  of  his  results.  His  value  for  the  e.  m.  f .  between  calomel  electrodes  in 
0.1  Af  KCl  and  0.1  M  HCl  is  identical  with  the  value  chosen  above,  — 0.0284. 

•  Loomis  and  Acree  also  measured  this  cell  directly  and  obtained  =0.4001,  but 
they  regarded  these  as  preliminary  measurements  and  we  need  give  them  no  weight. 
Their  discussion  of  the  liquid  potentials  calculated  by  the  formula  of  Lewis  and  Sargent 
is  erroneous  in  that  they  have  confused  certain  conductivity  values  at  18^  with  values 
at  25". 
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tberefor^i  make  .a  correction  of  the  magnitude   -^=r  ^  —  where  />  is 

2r  ^ 

the  acttid  pi'^ssure  of  the  hydrogen  in  atmospheres  and  R  is  the  gas 

constaht  in  joules  per  degree.    At  a  partial  pressure  of  one  atmosphere 

of  hydrog^,  therefore,  E  =  0.3985  +  0.0004  =  0.39S9  volt.    All  these 

values  were  presmnably  obtained  in  terms  of  the  old  value  of  the  standard 

Weston  cell  1.0187  or  1.0186  at  20®.    Using  the  new  value  1.0183  lowers 

the  value  of  E  to  0.3988. 

The  recent  value  of  Sebastian  is  0.3990,  and  we  shall  accept  this  as  the 
final  value. 

If  we  make  the  assumption,  as  before,  that  the  actual  potential  of  the 
calomel  electrode  is  the  same  in  o.iM  HCl  and  o.iM  KCl,  then  the  same 
value  of  E  holds  for  the  combination^ 

H,,  HCl  (0.1M)  II  KCl  (o.iM),  HgCl,  Hg;  E  =  0.3990.       (10) 

Numerous  investigations  in  this  laboratory  have  fixed  the  value  of  the 
e.  m.  f.  between  the  decinormal  and  normal  calomel  electrode  at  25** 
as  — 0.0530  volt.  This  includes  the  liquid  potential  between  o.iM  KCl 
and  \M  KCl,  which  cannot  readily  be  calculated,  owing  to  the  change  in 
the  transference  number  of  KCl  with  the  concentration,  and  also  to  the  fact 
that  we  have  at  present  no  method  of  appl3ring  the  laws  of  dilute  solution 
to  a  solution  of  KCl  as  concentrated  as  molal.  In  most  exact  e.  m.  f. 
tneasiirements  where  the  normal  electrode  has  been  used,  o.i  ilf  KCl  has 
been  introduced  between  the  normal  electrode  and  the  other  electrode, 
so  that  it  is  really  not  important*  to  know  the  vdue  of  the  liquid  potential 
in  question,  since  we  may  regard  the  whole  combination  Hg,  HgCl,  KCl 
(iM),  KCl  (o.iM)  as  the  normal  electrode.  We  shall  hereafter  call  this 
the  normal  electrode  and  designate  it  by  N.E.»  thus 

Hg,  HgCl,  KCl  (o.iAf).  N.E.;  E  =  -^.0530  (n) 

Adding  (10)  and  (11)  gives 

H,,  HCl  (o.iM)  II  N.E.;  E  =  0.3460.  (12) 

At  the  time  of  writing  the  preceding  sections  it  was  believed  that  the 
normal  electrode  potential  of  hydrogen  could  be  calculated  from  the 
potential  in  o.iM  HCl  with  the  desired  accuracy,  but  the  investigation 
of  Lewis,*  concerning  the  activity  of  univalent  ions,  showed  that  even 
in  solutions  as  dilute  as  o.iAf  the  ion  activity  is  in  doubt  by  several  per 
cent.  For  this  reason,  it  seemed  desirable  to  determine  the  hydrogen 
potential  against  more  dilute  solutions.  This  investigation,  to  which  we 
have  already  referred,  has  been  carried  on  by  Mr.  Sebastian,  who  has 
found  for  the  cell 

,  ^  The  two  vertical  bars  indicate  here,  and  elsewhere,  that  the  value  given  Is  ez> 
dusive  of  the  liquid  potential  at  the  junction  indicated. 
*  Lewis,  This  Jodknal,  34,  1631  (1912). 
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H,,  HCl  (0.01M),  KCl  (o.oiM),  KCl  (o.iM),  N.E.;  E  =  0.4261.  (13) 
Eliminating  the  liquid  potentials^ 

HQ  (o.oiAf),  KCl  (o.oiAf);  E  *=  0.0274  (14) 

and 

KCl  (o.oiAf),  KCl  (o.iM);  E  =  0.0007  (15) 

we  find 

Hs,  HCl  (o.oiM)  II  N.E.;  E  =  0.3980  (16) 

According  to  the  calculations  of  Lewis^  the  corrected  degree  of  dissocia- 
tion of  o.oiilf  HCl  would  be  the  same  as  for  o.oiMJkCI,  namely,  0.92 
(which  is  2%  less  than  A/A©  for  o.oiM  KCl). 

We  are  now  able  to  calculate  the  difference  between  the  hydrogen 
electrode  potential  in  o.oiM  HCl  and  in  hypothetical  molal  H+.  From 
the  formula 

E  =  0.05915  log  (1/0.0092)  =  0.1204 
we  find  « 

Ha,  HCl  (o.oiAf)  ||  H+  (M),  Ha;  E  =  0.1204  (17) 

and  combining  with  (16)  gives 

N.E.  II  H+  (M),  Ha;  E  =  -^.2776.  (18) 

Since  the  normal  hydrogen  electrode  is  the  standard  the  potential  of 
the  normal  calomel  electrode  is  — 0,2776  v. 

Effect  of  Pressure  and  Temperature  on  the  Hydrogen  Electrode  Potential. — 
In  order  to  make  sure  that  the  hydrogen  electrode  actually  operates  in 
a  reversible  manner  it  is  important  to  test  the  effect  of  both  temperature 
and  pressing  upon  the  electromotive  force.  We  have  given  above  the 
equation  for  the  effect  of  a  change  of  the  partial  pressure  of  the  hydrogen 
on  its  electrode  potential.  This  effect  was  studied  experimentally  by 
Lewis,  who  raised  the  hydrogen  pressure  by  allowing  the  gas  which  passed 
through  the  cell  to  escape  through  a  column  of  water  of  varying  height. 
The  results  are  given  in  Table  I,  in  which  the  absolute  magnitude  of  the 
electromotive  force  has  no  significance  but  only  its  variation  with  the 
pressure.*  The  first  line  gives  the  excess  pressure  in  centimeters  of  water, 
the  second  the  measured  electromotive  force,  the  third  the  calculated 
electromotive  force,  using  the  first  measurement  as  a  basis.*  The  observed 
and  calculated  values  agree  to  about  o.ooooi  v. 

*  We  have  assumed  here  and  in  the  previous  calculation  the  conductance  values 
given  by  Bray  and  Hunt  (Tms  Journal,  33,  781  (191 1)),  for  HCl,  A(o.iJlf)  =  390.4, 
X(o.oiM)  =  41 1.6;  for  KCl,  A(o.iAO  =  129.0,  \{o.oiM)  =  141.4.  The  average 
transference  number  of  K"*"  in  KCl  between  0.1 3/  and  0.0  lAf  has  been  taken  as  0.494. 

»  Lewis,  This  Journal,  34,  163 1  (191 2). 

*  This  cell  was  of  the  same  type  as  those  previously  discussed  but  with  a  somewhat 
different  hydrochloric  acid  concentration. 

*  This  series  of  experiments  occupied  four  hours.  In  the  last  experiment  the 
pressure  was  released  too  suddenly,  driving  the  liquid  in  the  cell  below  the  electrode^ 
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Tablb  I. 
Excess  pressure, 
cm.  HiO...  o  37  63  84       100*  84  63  37 

E.  obs 0.40089  0.40134  0.40163  0.40190  0.40189  0.40164  0.40138 

E.  calc 0.40089  0.40134  0.40165  0.40189  0.40189  0.40165  0.40134 

Lewis  also  investigated  the  effect  of  temperature  upon  the  cell  Hi, 
HCl  (o.iM),  HgCl  in  a  single  series  of  experiments  of  a  preliminary  charac- 
ter. The  results,  however,  appear  to  be  reliable  to  about  o.oooi  v  and 
serve  as  a  basis  for  further  interesting  calculations.  The  measurements 
were  made  incidentally  over  a  period  of  three  days  and  are  given  in  chrono- 
logical order  in  Table  II.  In  every  case  the  total  pressure  of  hydrogen 
and  water  vapor  was  i  atmosphere.  The  actual  pressure  of  the  hydrogen 
is  given  in  the  third  line  and  in  the  fourth  the  e.  m.  f .  calculated  to 
I  atmosphere  of  hydrogen. 

Tablb  II. 

Temp 17.85      18.50      25.30      18.30     \6.85      46.42      41.85      33.75      ^7.45 

E 0.3975    0.3981    0.3991    0.3980    0.3978    0.3999    0.4000   0.3997    0.3991 

PHi 746         744         736         744         746         683         699         721         733 

E  cor 0.3978    0.3984    0.3995    0.3983    0.3980    0.4014    0.401 1    0.4004    0.3996 

It  is  evident  that  the  electromotive  force  is  very  far  from  being  a  linear 
function  of  the  temperature.  A  discussion  of  this  case  affords  an  illus- 
tration of  the  way  in  which  exact  measurements  of  electromotive  force 
made  at  different  temperatures  may  be  employed  in  determining  thermal 
quantities.  The  values  of  E  (corrected)  given  in  the  table  may  be  summed 
up  in  the  empirical  equation, 

E  =  0.0964  +  0.00188 1 T  —  o.ooooo29ooT^ 
whence, 

dE/dT  =  0.00188 1  —  0.000005800T. 

Now  we  may  write  the  Gibbs-Helmholtz  equation  in  the  form 

E  +  AH/nF'  =  T  dE/cfT, 
where,  since  AH  is  in  calories, 

F'  «  F/4.182. 

Substituting  the  above  empirical  values  and  writing  n  =  2  we  obtain 

AH/2F'  =  — 0.0964  —  0.000002900T* 

AH  =  —4450  —  0.134T*. 

This  gives,  at  25*^,  the  value  16350  cal.,  and  at  18**,  15800  as  the  heat  of 
the  reaction,  Hj  +  2HgCl  +  aq  =  2HCI  (o.iM)  +  2Hg.  From  this 
we  may  obtain  the  partial  heat  of  formation  of  hydrochloric  acid  in  o.iAf 

thus  preventing  another  reading  at  zero  excess  pressure.  The  excess  pressure  of  100  cm. 
was  maintained  for  only  a  few  minutes  in  order  to  approach  the  equilibrium  from  the 
opposite  side. 
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solution  by  adding  twice  the  heat  of  formation  of  HgCl,  namely,  2  X  31300 
cal.,  which  was  obtained  by  both  Nemst^  and  Varet.*    Thus 

Ha  +  CI,  =  2HCI  (0.1M);  AH  =  —78950  (25*^),  AH  =  —78400  (18^) 
Thomsen  obtained  the  value  78600  at  a  temperature  of  about  18^.    The 
value  we  have  calculated  is  undoubtedly  more  accurate  than  any  that 
could  be  obtained  by  calorimetric  measurements,  unless  the  latter  were 
carried  out  with  extraordinary  precision. 

By  differentiating  the  above  equation,  we  find  for  the  change  in  heat 
capacity  in  the  reaction  Ht  +  2HgCl  =  2HCI  (o.i Af)  +  2Hg 

AT  =  d(AH)/dT  =  -^.268T 
and  this  formula  should  be  valid  in  the  temperattu'e  range  of  om*  experi- 
ment. At  25**  AF  becomes  — 80  cal.  per  degree.  This  extraordinarily 
large  value  of  AF  is  in  good  agreement  with  the  value  actually  obtained 
from  Thomsen's  specific  heat  measurements,  which  show  a  very  large 
negative  partial  molecular  heat  capacity  for  hydrochloric  add  in  aqueous 
solution. 

The  accuracy  of  the  measurements  upon  which  these  calculations  have 
been  based  could  doubtless  be  increased  tenfold  without  much  difiSculty; 
and  this  would  ftunish  a  method  of  determining  not  only  heats  of  reaction 
to  an  extraordinary  degree  of  precision,  but  also  partial  heat  capacities 
in  aqueous  solution  with  a  greater  accuracy  than  has  been  attained  by 
most  methods. 

The  temperatiu-e  coeflSdent  of  the  cell 
H,,  HCl  (o.iM),  HgCl,  Hg;  dE/cfT  =  0.001881  —  0.00000580T    (19) 
wiU  apply  also  to  the  cell  H,,  HCl  (o.iAf)  ||  KCl  (o.iM),  HgCl,  Hg,  if 
our  assumption  is  correct  that  the  calomd  electrode  in  o.iAf  KCl  has 
the  same  potential  as  in  o.iM  HCl,  that  is 

Hg,  HgCl,  KCl  (0.1M)  II  HCl  (o.iAf),  HgCl,  Hg;  dE/dT  =  o.     (20) 

The  temperature  coeffident  of  the  e.  m.  f.  between  decinormal  and 
normal  calomd  electrodes  should  be  determined  more  acciu-ately.  At 
present  we  can  obtain  only  an  approximate  result  as  follows:  The  e.  m.  f. 
at  25**  we  have  shown  to  be  — 0.0530  v,  and  at  18®,  Sauer'  has  found 
for  the  same  combination  — 0.0514.  Hence,  for  the  temperature  coeffident 
we  find  — 0.00023.  If,  instead  of  using  Sauer's  result,  we  take  0.0530 
at  25^,  and  assume  the  e.  m.  f.  of  the  combination  to  be  proportional  to 
the  absolute  temperature,  then  we  find  — 0.00018  for  the  coeffident. 
For  want  of  better  information  we  shall  average  these  two  values  and  as- 
sume the  temperatiu-e  coeffident  to  be  independent  of  the  temperature. 
Hence 

>  Ncmst,  Z.  physik,  Chem.,  2,  23  (1888). 

*  Varet,  Ann.  chim.  phys.,  [7]  8,  102  (1896). 

*  Sauer,  Z.  physik.  Chem.,  47,  174  (1904)- 
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Hg,  HgCl,  KCl  (o.iM).  N.E.;  (ffi/dT  =  —0.00021  (21) 

Combining  (19),  (20)  and  (21)  gives 

H2,  HCl  (o.iM)  II  N.E.;  dE/dT  =  0.00167  —  0.00000580T.  (22) 
From  equations  (12)  and  (18)  we  find 

H2,  HCl  (o.iM)  II  H+  (M),  H2;  E  =  0.0684.  (23) 

We  may  assume  without  serious  error  that  the  electromotive  force  of 
this  cell  is  proportional  to  the  absolute  temperature.     Therefore, 

H2,  HCl  (o.iM)  II  H+  (Af),  Hj;  dE/ctV  =  0.00023.         (24) 
Combining  (22)  and  (24)  gives 

N.E.  II  H+  (M),  H,;  dE/dT  =  -^.00144  +  0.00000580T.    (25) 
This  is  the  temperature  coefficient  of  the  potential  of  the  normal  calomel 
electrode,  since  the  potential  of  the  normal  hydrogen  electrode  is  zero 
at  all  temperatures.     It  is  very  desirable  that  this  important  tempera- 
ture coefficient  be  further  investigated. 

Hydroxide  Ion. 

The  determination  of  the  free  energy  of  formation  of  hydroxide  ion 
\  is  involved  with  the  determination  of  the  free  energy  of  formation  of  water 
and  the  free  energy  of  ionization  of  water.     We  shall  consider  the  latter 
process  first. 

H2O  (I)  =  H+  +  OH". — ^The  difference  between  the  potential  of  hydro- 
gen in  acid  and  alkaline  solutions  gives  the  most  accurate  means  of  de- 
termining the  ionization  constant  of  water.  Accurate  measurements  of 
such  cells  have  been  made  by  Lorenz  and  Bohi^  and  by  Lewis.^  Lewis 
measured  the  cell:  Hj,  KOH  (o.iM),  KCl  (o.iM),  HgCl,  Hg,  and  found 
E  =  1.0836  at  25^,  and  E  =  1.0799  at  18*^.  Corrects  to  the  new  value 
of  the  International  Volt  these  valu^  become  E  =  1.0833  at  25°  and  £  = 
1.0796  at  18°.  The  Uquid  potential  KOH  (o.iM),  KCl  (o.iM),  calcu- 
lated by  the  formula  of  Lewis  and  Sargent,*  is  0.0165  at  25°  and  0.0161 
at  18**.  Hence  we  find 
H2,  KOH  (o.iM)  II  (KCl  (o.iM),  HgCl,  Hg; 

E=  1.0998  (25°),  1.0957  (18').     (26) 
We  have  previously  found 

H2,  HCl  (o.iM)  II  KCl  (o.iM),  HgCl,  Hg; 

E  =  0.3990  (25°);  0.3978  (18^)     (27) 
the  value  at  18°  being  obtained  from  the  temperature  coefficient  given. 
Hence 

*  Lorenz  and  B6hi,  Z.  physik.  Chem.,  66,  733  (1909). 

'  This  is  the  same  unpublished  investigation  which  has  been  previously  referred  to. 

•  We  have  used  at  25**  for  KCl,  as  before,  A  {0,1  M)  =  129.0,  A  (o.oiAf)  ==  14 1.4; 
for  KOH  some  preliminary  measurements  give  A  (o.iA/)  =  245,  A  (o.oiA/)  =  256; 
at  iS**  for  KCl  A  (o.iJlf)  =  112.0,  for  KOH  A  (o.ilf)  =213  (Kohlrausch). 
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H,,  KOH  (o.iM)  II  HCl  (o.iM),  H,; 

E  =  0.7008  (25°);  0.6979  (iS**),     (28) 
Lorenz  and  B6hi  measured  directly  at  several  temperatures  the  cell 
H,,  KOH  (o.iAf),  KCl  (o.iAf),  HCl  (o.iM),  Hj; 

E  =  0.6560  (25°);  0.6531  (18^).  (29) 
Excluding  liquid  potentials  ( — 0.0284  and  — 0.0165  at  25**,  and  — 0.0286 
and  — 0.0161  at  18°)  we  find  for  (28)  E  =  0.7009  (25°),  0.6978  (18**). 
The  agreement  between  these  values  and  those  obtained  by  Lewis  is 
surprisingly  good.^  The  former  should,  perhaps,  be  reduced  one-  or 
two-tenths  of  a  miUivolt,  owing  to  the  change  in  the  International  Volt. 
We  may  take  the  mean  as  0.7008  at  25°,  and  0.6978  at  18^. 
The  recent  measurements  of  Sebastian  give  at  25  ^ 

H2,  KOH  (o.iM),  KCl  (o.iM),  N.E.;  E  =  1.0303  (30) 

H2,  KOH  (o.oiAf),  KCl  (o.oiM),  KCl  (o.iM),  N.E.;  E  =  0.9761.    (31) 
The  liquid  potentials  are  — 0.0165  in  the  first  cell,  and  — 0.0152  and  0.0007 
(Equation  15)  in  the  second  cell.     Hence 

H,,  KOH  (o.iM)  II  N.E.;  E  =  1.0468  (32) 

H2,  KOH  (o.oiM)  II  N.E.;  E  =  0.9906.  (33) 

Combining  these  equations  respectively  with  (12)  and  (16) 

Hj,  KOH  (o.iM)  II  HCl  (o.iM),  Hj;  E  =  0.7008  (34) 

H,,  KOH  (o.oiM)  II  HCl  (o.oiM),  Hj;  E  =  0.5926.        (35) 
The  value  at  o.iM  is  identical  with  the  result  obtained  above  from  the 
work  of  Lorenz  and  Bohi,  and  of  Lewis.     It  is  to  be  noted  that,  if  there 
is  any  error  in  the  value  of  the  liquid  potential  between  KOH  and  KCl, 
it  affects  equally  the  results  of  the  several  observers. 

From  (35)  we  are  now  in  a  position  to  calculate  the  ionization  constant 
of  water  for  E  =  0.5926  =  0.05915  log  (ai/oj),  where  Oi/oi  is  the  ratio  of 
the  activity  or  of  the  corrected  concentration  of  H"*"  in  o.oiM  HCl  and  in 
o.oiM  KOH.  Hence  01/02  =  1043  X  lo*^  Now  we  will  take  as  before 
the  corrected  concentration  of  H"*"  in  o.oiM  HCl  as  0.0092  and  take  the 
same  value  for  the  corrected  concentration  of  OH"  in  o.oiM  KOH.  The 
ionization  constant  of  water  (H"^)(OH'")  we  may  call  K^,  hence 

K^  0.0092 

0.0092        1.043  X  10^® 

whence  K^,  =  0.81  X  10""**  at  25°. 

This  result  is  probably  correct  within  2%,  the  chief  source  of  error  enter- 
ing in  the  estimation  of  the  corrected  degree  of  ionization  of  o.oiM  KOH 
>  It  is  perhaps  worth  while  to  point  out  that  the  values  of  Lorenz  and  B5hi  and 
of  Lewis  were  entirely  independent ;  the  latter  although  unpublished  were  presented  at 
the  Baltimore  meeting  of  the  American  Chemical  Society  in  1908.  Those  of  Lorenz 
and  B6hi  were  published  in  1909. 
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and  HCl.  The  final  value  obtained  by  Heydweiller^  from  the  conduc- 
tivity of  the  purest  water  obtainable  was  i  .04  X  io~  ^*.  All  other  methods 
which  have  been  used  for  determining  this  important  quantity  have  been 
subject  to  errors  of  at  least  15  or  20%,  owing  to  methods  of  calculation 
alone. 

For  the  ionization  of  water  we  have  from  the  measurements  of  Thomsen 
at  18°,  AH  =  13730  and  Ar  is  about  — 44,  whence  AH©  =  26540  and 

HaOC/)  =  H+  +  OH- ;  AF  V  =  — R'T  hi  K«,  =  19235,'     (36) 
AF°  =  26540  +  44T  In  T  —  275.19T.  (37) 

This  equation  gives  K^  =  0.466  X  io~*^  at  I8^  and  0.093  X  10"^*  at  0°. 
ViO*  +  Va^2  +  ©  =  0H-. — In  order  to  obtain  the  free  energy  of 
this  reaction  it  is  necessary  to  know  the  free  energy  of  formation  of  liquid 
water  from  its  elements.  In  making  this  series  of  calculations  we  have 
attempted  to  avoid  reference  forward,  but  in  this  case  we  shall  assume 
the  equation  (53)  which  will  be  obtained  in  a  later  section  of  this  paper, 
namely, 

Hj  +  V2O2  =  H20(/);  AF^98  =  —56620. 

Now  combining  this  equation  with  (8)  and  (36)  gives 

V2O2  +  V2H2  +  e  =  0H-,  AF%98  =  —37385.          (38) 

V4O2  +  V2^20  +  0  =  O//-. — ^The  free  energy  of  this  reaction  gives 
us  the  normal  potential  of  the  oxygen  electrode.     From  (37)  and  (38) 

AF^98    =    —9075;   E°298   =   —0.3933  v.'  (39) 

Water. 

H2  +  V2O2  =  H2P  (gas), — The  existing  data  on  the  heat  of  formation 
of  liquid  water  have  been  summarized  by  Lewis*  and  shown  to  be  very 
concordant.  The  mean  value  is  68470  at  0°.  The  heat  of  vaporization 
of  water  at  100°  has  recently  been  the  subject  of  careful  research.  Richards 
and  Matthews^  obtained  the  value  538.1  cals.  per  gram  of  water.  A.  W. 
Smith®  has  reviewed  his  earlier  work  upon  this  subject  with  extraordinary 
care  and  finds  the  value  540.7  cals.  We  will  adopt  the  value  540.0  or 
9730  cals.  per  mol.    Taking  8.4  and  18.0  as  the  average  molal  heat  ca- 

•  Heydweiller,  Ann.  Physik,  28,  503  (1909). 

•  The  absolute  temperature  corresponding  to  25  °  is  not  298  but  approximately 
298.1.  Wherever  the  experimental  data  are  sufficiently  accurate  to  warrant  the  dis- 
tinction AFj»8  will  mean  the  free  energy  change  at  25°  =  298.1  A. 

'  It  may  be  well  to  recall  here  the  convention  regarding  the  sign  of  E.  The  general 
equation  is  AF  =  —  »EF'  where  n  is  the  number  of  equivalents  of  positive  electricity 
appearing  on  the  left  side  of  the  chemical  equation.  In  the  present  case,  therefore, 
n  =  — I.  * 

•  Lewis,  This  Journal,  28,  1390  (1906). 

•  Richards  and  Matthews,  Proc.  Amer.  Acad.,  46,  511  (191 1). 

•  A.  W.  Smith,  Phys.  Rev.,  34,  173  (191 0- 
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padties  of  water  vapor  and  liquid  water  between  o®  and  ioo°,  the  heat 
of  vaporization  at  o^  becomes  10690.  Combining  this  with  the  heat 
of  formation  of  liquid  water  we  find  for  the  heat  content  of  water  vapor, 
HjTs  =  — ^57780  cals.    We  have  for  the  heat  capacities  of  the  other  gases 

HjO;  C^  =  8.81  —  0.0019T  +  0.00000222T* 

H2;  C^  =  6.5  +  0.0009T 

VjOj;  C^  =  3.25  +  0.0005T 
hence 

Ar  =  — 0.94  —  0.0033T  +  0.00000222T*;  (40) 

and 

AH  =  AHo  —  0.94T  —  o.ooi65T«  +  0.00000074T'.         (41) 

Substituting  the  above  value  for  AH378  in  this  equation, 

AHo  =  — 57410  cals., 

and  our  free  energy  equation  is 

AF°  =  —57410  +  0.94T  In  T  +  0.00165T2  — 0.00000037T3  +  IT.  (42) 

For  determining  the  value  of  I  in  the  above  equation  several  direct 
determinations  of  the  dissociation  of  water  vapor  at  high  temperatures 
are  available.  Nemst  and  von  Wartenberg'  were  the  first  to  investigate 
this  important  equilibrium,  and  later  measurements  by  different  methods 
were  made  by  Lowenstein,*  von  Wartenberg*  and  Langmuir.'*  The 
measurements  of  Holt*  were  obviously  lacking  in  Belf-consistency  and 
can  be  given  no  weight.*  The  results  obtained  by  these  investigators 
are  given  in  Table  III.  The  first  colunm  indicates  the  names  of  the  In- 
vestigators, the  second  the  absolute  temperature^  the  third  the  measured 
percentage  dissociation,  and  the  fourth  the  equilibrium  constant  Kp  =« 
[HjOI/IHjKOs)*'^*,  where  the  brackets  indicate  the  pressure  of  the  gases 
in  question. 

From  each  of  these  values  of  K^  we  may  determine  a  value  for  I.  Thus, 
the  measurements  of  Nemst  and  von  Wartenberg  gjve  I  =  3.81,  3.94, 
3.67,  respectively,  average  3.81.  Langmuir's  values  lead  to  the  average 
value  I  =  3.55,  with  about  the  same  mean  deviation.  Ldwenstein's 
results  show  greater  variation  and  lead  to  the  average  value  I  =  3.71, 
while  von  Wartenbcrg's  two  meastu-ements  at  the  highest  temperattu'es 

>  Nemst  and  von  Wartenberg,  Z,  physik,  Chem.,  54,  715  (1905). 
«  Ldwenstein,  Ibid.,  54,  715  (1905). 

*  von  Wartenbnrg,  Ibid.,  56,  513  (1906). 

*  Langmuir,  Tms  Journal,  aS,  1357  (1906). 
»  Holt,  PhU,  Mag.,  [6]  13,  630  (1907)- 

*  In  a  case  of  this  kind,  where  a  large  number  of  data  for  a  given  equilibrium  at 
different  temperatures  are  available,  a  very  good  idea  of  the  consistency  of  the  various 
determinatioiis  may  be  obtained  by  plotting  log  K^  against  i/T. 
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Tablb  III. 

T. 

Per  cent.  diMOQ. 

Kp. 

Lot  K#. 

1397 

0.007$ 

2.05  X  io« 

6.312 

Nemst  and  von  Wartenberg 

'  1480 

0.0184 

5.66  X  io» 

5.753 

• 

II56I 

0.0340 

2.26  X  io» 

5.354 

1705 

0.0326 

2.3    X  io« 

4  362 

Ldwenstein 

^ 

1783 
1863 

0.0778 
0.211 

1.82  X  10* 
6.70  X  io» 

4.260 
3.826 

1968 

0.373 

3.79  X  io» 

3.579 

von  Wartenberg 

, 

2155 

1. 18 

1.094  X  10' 

3.039 

2257 

1.77 

0.590  X  10* 

2.771 

1325 

0.00325 

7.65  X  10* 

6.884 

1354 

0.0049 

4.13  X  10* 

6.616 

1393 

0.0069 

2.47  X  io« 

6.393 

Langmuir 

, 

1433 
1455 

o.oios 
0,0142    . 

1.35  X  lo^ 
8.35  X  io» 

6.129 

5.922 

1474 

0.0141 

8.45  X  io» 

5.927 

I53I 

0.0255 

3.47  X  io» 

5.540 

1550 

0.0287 

2.91  X  io» 

5  464 

give  3.67  and  3.57,  average  3.62.  We  may  take  as  the  weighted  mean* 
of  all  these  results  I  =  3.66.  Substituting  this  value  of  I  in  our  equation 
we  find 

AF%9»  =  —54590  (43) 

We  shall  not,  however,  regard  these  values  of  AF^sm  and  of  I  as  final, 
sinoe  there  are  other  important  methods  of  determining  the  free  energy 
of  formation  of  wAter  still  to  be  considered. 

H^(g)  =  H^(l). — ^The  free  energy  of  fortnattion  of  liquid  water  from 
gaseous  water  may  be  obtained  &om  the  v^>or  pressure.  According  to 
Scheel  and  Heuse^  the  vapor  pressure  of  water  at  25°  is  23.8/760  atms. 
Assuming  that  water  vapor  at  this  temperature  and  pressiu-e  is  sufficiently 
near  to  a  perfect  gas, 

'^'^  (44) 


AF°298  =  — R'T  In  -^  =  —2053 


23.8 

Hi  +  VaOj  =  H^{1), — Combining  (43)  and  (44)  gives 

AF%98  =  — ^56640  cals. 

We  shall  not  accept  this  as  the  final  value  but  proceed  to  the  discussion 
of  the  other  methods  of  determining  this  quantity. 

^  We  have  not  included  in  this  calculation  measurements  of  the  electromotive 
force  of  the  oxygen,  hydrogen,  water  vapor  cell  by  Haber  and  his  students.  These 
experiments,  although  not  capable  of  being  carried  out  with  the  same  accm-acy  as  the 
equilibrium  measurements,  furnish  a  further  important  check  upon  the  correctness  of 
the  results  obtained  by  the  latter  methods. 

*  Scheel  and  Hcuse,  Ann,  Pkysik,  [4I  31,  715  (1910).  See  also  the  very  recent 
determination  of  Derby,  Daniels  and  Gutsche,  This  Journai*,  36,  793  (1914). 
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The  Free  Energy  of  Water  from  the  Dis^pciaiion  of  Silver  Oxide. — Froin 
measurements  at  higher  temperatures,  Lewis^  calculated  the  decomposi- 
tion pressure  of  silver  oxide  at  25®  to  be  5  X  10"*,  whence  we  calculate 
2Ag  +  VjQ,  =  AgiO;  AF%9,  =  —2250.  (45) 

According  to  the  measturements  of  Bdttger,  silver  oxide  is  in  equilibrium 
with  water  containing  Ag+  and  OH"  at  1.4  X  io~*  M.'  Assuming  that, 
at  this  concentration,  the  activity  of  the  ions  is  proportional  to  their 
concentration, 

AgjO  +  H2O  «  2Ag+  +  2OH-;  AF%98  ==  21040,  (46) 

Finally  we  need  for  this  calculation  the  free  energy  of  formation  of 
Ag+.  The  ceU  Ag,  AgNOs,  (o.iilf),  KNOa  (o.iilf),  KCl  (o.iM),  HgCl. 
Hg  was  investigated  by  Lewis*  who  found  Esgg  =  — 0.399.  Noyes  and 
Brann^  have  studied  this  same  cell  more  recently  and  find  E  =  — 0^992. 
Eliminating  the  liquid  potentials  ( — 0.0025;  +0.0018)  and  referring  to  the 
normal  electrode  by  (11) 

Ag,  AgNO,  (0.1M)  II  N.E.;  E  =  -0.4515  (47) 

There  is  no  way  of  calculating  directly  from  existing  data  the  activity  or 
the  corrected  concentration  of  o.iAf  AgNOs.  But,  if  we  assume  that  the 
properties  of  silver  nitrate  are  approximately  the  same  as  those  of  the 
analogous  thallous  nitrate,  we  may  estimate  this  quantity.  Noyes* 
found  that  the  lowering  of  the  solubility  of  TlCl  by  KCl  (o.iM)  and 
TlNOj  (o.iAf)  indicated  a  concentration  of  Tl*^  10%  less  than  the  concen- 
tration of  K+.  Lewis*  showed  by  a  combination  of  conductivity  and 
transference  data  the  degree  of  dissociation  of  TlNOs  and  AgNO»  to  be 
8%  less  than  that  of  KCl  at  this  concentration.  Taking  the  corrected 
concentration  of  K"*"  in  KCl  (o.iM)  as  0.074  ^^  ^H  therefore,  conclude 
that  that  of  Ag+  in  AgNO»  (o.iAf)  is  0.067.    Hence 

Ag,  Ag+  (M)  II  AgNO,  (o.iAf),  Ag;  E  =  -0.0694.  (48) 

From  (47),  (48)  and  (18)  we  therefore  find  for  the  potential  of  silver 
against  (hypothetical)  molal  silver  ion 

Ag,  Ag+  (M)  II  H+  (Af),  H,;  E^9g  «  -^.7985  (49) 

and 

Ag  +  H+  -  ViH2  +  Ag+;  AF%„  «  18424.  (50) 

We  may  now  combine^  (45),  (46),  (50)  and  (36),  namely, 

*  Lewis,  This  Journal,  28,  139  (1906). 

*  Lewis,  "The  Potential  of  the  Oxygen  Electrode,"  Ihid.,  28,  164  (1906). 

*  Lewis,  Ibid.,  28,  167  (1906). 

*  Noyes  and  Brann,  Ihid,,  34,  1026  (191 2). 
'Noycs,  Z..physih,  Chem.,  9,  603  (1892). 

*  Lewis,  Tras  Journal,  34,  1641  (1912). 

^  The  last  three  of  the  four  equations  used  above  may  be  combined  to  give  the 
equation  AgsO  -f  Hi  =  H|0  +  2Ag.  In  place  of  the  laborious  and  perhaps  somewhat 
doubtful  calculations  used  in  these  three  reactions,  a  determination  of  the  e.  m.  f.  of 
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2Ag  +  ViO»     «  Ag^;  .  AF%98  =  —  2250 

Ag^O  +  H,0    ^  2Ag+  +  2OH-;  AF^Ms  =      21040 

2Ag+  +  H,      «=  2H+  +  2Ag;  AF^M  =  —36848 

2OH-  +  2H+  =  2H,0;  AF%.g  =  —38470. 

Adding  we  find 

H2  +  VtO,  =  H20(/);  AF^M  =  —56530. 
The  Free  Energy  of  FarmaUofi  of  Water  from  the  DissociakUm  oj  Mercuric 
Oxide, — Another  similar  calculation  has  been  made  by  Br6nsted*  from  the 
dissociation  pressure  of  mercuric  oxide,  measured  by  P^labon,  and  from 
his  own  measurements  of  the  e,  m,  f.  of  the  cell,  Ht,  NaOH  (aq),  HgO, 
Hg,  whidi  is  independent  of  the  concentration  of  NaOH,  provided  that 
this  is  not  great  enough  to  lower  materially  the  activity  of  the  water  in 
which  it  is  dissolved.  Bronsted  found  for  this  cell  (Hi  at  one  atmosphere), 
E298  -  0.9268,  hence, 

'  H,  +  HgO  =  H,0(/)  +  Hg(/);  AF^w  =  —42770.  (51) 
Taylor  and  Hulett'  have  just  redetermined  the  dissociation  pressure 
of  HgO.  From  then:  measurements  it  appears  that  at  the  boiling  point 
of  mercury,  357  ^'t  the  oxide  is  in  eciuilibrium  with  the  gas  which  it  pro- 
duces, when  the  total  pressure  is  86  tnm.  Now  one-third  of  this  gas  is 
oxygen  and  two-thirds  mercury.  Reducing  pressures  to  atmospheres  we 
find  K  =  [HgllOi]*"^*  =»  0.0146.  At  this  temperature  liquid  mercury  is  in 
equilibrium  with  its  vapor  at  i  atm.,  therefore,  AF^«o  =  — R'T  In  K  =  5290 
is  also  the  free  energy  change  for  the  reaction  HgO  =  Hg(0  +  V«Oa- 

The  heat  of  this  reaction  was  found  by  Varet'  as  — 21,500  and  by 
Bronsted  as  — 21700  cals.  We  may  take  the  average  AH  =  21600. 
The  change  in  heat  capacity  in  this  reaction  is  zero,  within  the  limits  of 
accuracy  of  existing  d^ta,  and  AF°  =  21600  +  IT,  hence,  from  the  above 
value  of  AF*^eso,  I  =  — 25,9  and 

HgO  =  Hg(/)  +  V2O2;  AF°„8  =  13880.  (52) 

Combining  (51)  and  (52)  gives 

H,  +  ViO,  =  H,0(/);  AF%»»  -  —56650. 
Final  Value  for  the  Free  Energy  of  Water  and  the  Electromotive  Force 
of  the  Hydrogen  Oxygen  CelL — We.  have  found  above  three  independent 
and  extraordinarily  concordant  values  for.  the  free  energy  of  formation 
of  liquid  water  at  25^,  namely,  — 56640,  from  the  measurements  of  Nemst 
the  cell  Ag,  AgtO,  NaOH,  Ht  should  give  the  desired  result.  Luther  and  Pokorny' 
(Z.  anorg.  Chem.,  57,  290  (1908))  have  measured  this  cell  at  25*  and  found  £  =  1.172. 
This  would  give  for  the  free  energy  of  liquid  water  — 56335.  Their  measurements, 
however,  were  only  certain  to  within  a  few  millivolts  and  wc  shall  prefer  for  the  present 
the  calculations  which  we  have  used  above. 

^  Bronsted,  Z.  physik.  Ckem.,  65,  84  and  744  (1909). 
«  Taylor  and  Hulett,  J.  Phys.  Chem,,  17,  565  (<9i3). 
«  VarBlM^MMi  Mm.  phys.,  {7]  8>  too  (1896). 


Digitized  by  VjOOQIC 


PRSB  ENERGY  OF  OXYGEN,  HYDROGEN,  ETC.  I985 

and  von  Wartenberg,  of  L5wenstein,  and  of  Langmuir;  — 56530  from 
the  measurements  of  Lewis;  — ^56650  from  the  measurements  of  Bronsted 
and  of  Taylor  and  Hulett.  These  values  correspond  to  1.2275,  1-2250, 
and  1.2276  volts  for  the  electromotive  force  of  the  hydrogen-oxygen  cell. 
We  may  take,  as  a  kind  of  weighted  mean,  1,2270  v.  The  corresponding 
.average  of  the  free  energy  values  is 

H,  +  V«02  =  H20(/);  AF%9s  =  —56620.  (53) 

The  heat  capacity  of  water  is  not  constant,  nor  can  it  be  expressed  as 
a  linear  function  of  the  temperature.  However,  over  the  range  from  o® 
to  300®,  which  alone  is  of  practical  importance,  we  may,  with  suj£cient 
accuracy,  regard  the  value  of  AF  as  constant  and  equal  to  8.0.  We  have 
seen  that  for  this  reaction  AH27»  —  — 68470,  whence, 

AF*"  =  —70650  —  8.0T  hi  T  +  92.64T.  (54) 

Combining  (44)  and  (53)  gives 

a  +  VfOt  =  H20(g);  AF%„  =  -54567.  (55) 

and  redetermining  the  value  of  I  for  this  reaction  in  (42)  we  find 
AF**  =  —57410  +  0.94T  hi  T  +  O.OOI65T*  —  o.oooooo37T»  +  3.72T.  (56) 
H^(s)    =   H^(l), — ^Instead  of  determining  the  general  equation  for 
the  free  energy  of  formation  of  ice  it  will  be  more  convenient  to  obtain 
a  simpler  equation  for  the  free  energy  of  fusion  of  ice,  valid  over  a  small 
range  of  temperature.    The  best  value  for  the  heat  of  fusion  is  79.7  cals. 
per  gram,  or  1436  cals.  per  mol.^    The  difference  between  the  heat 'ca- 
pacities of  water  and  ice  is  neither  constant  nor  accurately  known.    In 
the  neighborhood  of  the  freezing  point  we  may  take  this  difference  as 
9.0,  and  since  the  free  energy  of  fusion  is  zero  at  o^,  we  find' 
H,0(5)  =  H,0(/);  AFS98  =  —141. 6 
AF*"  =  —1022  —  9.0T  hi  T  +  54.230T.  (57) 

Ht  +  VA  =  HjOCj).— Combining  with  (53)  gives  AF%98  =  —56478. 
»  A.  W.  Smith,  Phys.  Rev.,  17,  193  (1903);  Roth,  Z.  physik.  Chem,,  63,  443  (1908). 
It  is  interesting  to  note  that  the  value  now  accepted  for  the  heat  of  fusion  of  ice  is  iden- 
tical with  the  value  79.7  obtained  by  Black  in  1763. 

*  In  order  to  use  such  an  equation  as  (57)  over  a  small  range  from  a  melting  point 
or  a  transition  point  with  the  accuracy  justified  by  experiments,  it  is  necessary  to  use 
7  or  8-place  logarithm  tables  in  many  cases.  In  order  to  avoid  this  we  may  substitute 
in  such  an  equation  as  (57),  G  -f  /  for  T,  where  t  is  the  temperature  above  the  transition 
temperature  8.  Expanding  the  various  terms  and  neglecting  all  terms  of  higher  order 
than  /'  gives 

In  this  particular  case  G  is  273.1  *  and  t  is  the  centigrade  temperature.    Substituting 
the  numerical  values, 

AF  «  — ^5.26/  —  o.oi65<*  -f  0.00002/'.  (59) 

Thb  equation  will  be  found  especially  useful  in  determining  the  free  energy  of  solutions 
from  freezing  point  data. 
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Hyd^gen  Peroxide. 

The  oxidizing  potential  of  an  oxygen  electrode  is  diminished  by  the  addi- 
tion of  hydrogen  peroxide..  Measurements^  of  such  an  electrode  potential 
have  been  supposed  to  give  material  for  the  calculation  of  the  free  energy 
of  hydrogen  peroxide,  but  in  this  case,  as  in  the  case  of  ozone,  there  is  no 
satisfactory  evidence  that  the  electromotive  force  is  due  to  a  single  definite 
reversible  reaction. 

Traube*  obtained  a  yield  of  0.74%  of  H2O2  by  directing  an  oxyhydrogen 
flame  against  water.  The  temperature  of  the  flame  was  probably  between 
2000**  and  3000®,  but  it  is  obviously  impossible  to  obtain  any  quantitative 
estimate  of  the  free  energy  of  formation  of  hydrogen  peroxide  from  this 
observation.  We  shall  obtain  a  moderately  accurate  solution  of  this 
problem  by  considering  the  dissociation  pressure  of  barium  peroxide, 
and  the  equiUbrium  between  barium  peroxide  hydrate  and  water. 

BaO  +  V2O2  ==  BaO%. — ^According  to  Berthelot,  AHsqi  =  — 17200. 
The  later  meastu^ments  of  de  Forcrand*  give  AH  =  — 18400.  We  will 
use  the  value  — 18000.  The  change  in  heat  c^>acity  in  this  reaction  is. 
small  and  wiU  be  neglected.    Hence 

AF^  =  —18000  +  IT.  (60) 

We  may  calculate  the  value  of  I  from  the  dissociation  pressures  given 
by  Le  Chatelier.*  Except  at  the  lower  temperatures,  his  presstures  lead 
to  a  constant  value  of  I,  namely,  16.8,  whence  AF%»8  =  — 13000. 

Hildebrand^  made  a  careful  investigation  of  the  dissociation  of  barium 
peroxide  and  found  that  the  reaction  did  not  occur  except  in  the  presence 
of  water  (and,  therefore,  barium  hydroxide)  as  catalyzer.  His  results 
apparently  indicated  a  considerable  mutual  solubility  of  BaO  in  BaOs, 
but  an  inspection  of  his  etudes  makes  it  seem  equally  probable  that  the 
Ba(0H)2  was  largely  responsible  i<x  the  phenomena  which  he  attributed 
to  solid  solution,  and  that  in  his  univariant  system  the  BaO  and  BaOt 
behave  as  nearly  pure  substances.  We  shall,  therefore,  calculate  I  di- 
rectly from  Hildebrand's  several  oxygen  pressures  and  obtain  very  constant 
results,  average  I  =  i6.i,  whence  we  find  as  final  value 

BaO  +  V2O2  =  Ba02;  AF%98  =  —13200  (61) 

BaO^.ioH^  =  BaO^  +  ioH£>{g), — In  the  presence  of  water  at  ordinary 
temperatures,  Ba02  forms  a  hydrate,  which,  according  to  the  work  of  de 
Forcrand,®  is  Ba02.ioH20.     In  order  to  complete  the  necessary  free  energy 

*  Haber  and  Grinberg,  Z.  anorg.  Chem.,  18,  37  (1898);  Haber,  Z.  Elektrochem.,  7,, 
441,  1043  (1901);  Nernst,  Z.  physik.  Chem.,  46,  720  (1903). 

«  Traube,  Ber.,  18,  1.890  (1885). 

*  de  Forcrand,  Ann.  chim.  phys.,  [8]  15,  433  (1908). 

*  Le  Chatelier,  Compt.  rend.,  115,  654  (1892). 

*  Hildebrand,  This  Journal,  34,  246  (1912). 

*  de  Forcrand,  Compt.  rend.,  130,  778,  834  (1900). 
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equations  we  have,  therefore,  sieastired  the  pressure  of  water  vapor  over 
a  mixture  of  Ba02  aad  BaQs.ioHsO.  The  measurements  were  made 
with  a  dijfferential  mercury  manometer  so  arranged  that  either  limb  could 
be  exhausted  at  will.  The  vapor  pressure  proved  to  be  only  slightly  less 
than  that  of  pure  water.  The  mean  results  ot  several  determinations 
were  15  mm.  at  22^  18.6  mm.  at  25°,  28.3  mm.  at  31  ^    Hence 

dF^tn  =  22000. 

HfOt  (aq)  =  H+  +  HOi'. — Hydrogen  peroxide  in  aqueous  solution 
is  a  weak  acid.  Joyner^  found  its  ionization  constant  to  be  K  =  0.67  X 
lo-i*  at  o^  and  K  =  2.4  X  lo""  at  25°.     Hence 

AF%w  =  15,220;  AF%98  =  15860.  (63) 

HfOa  (aq)  +  OH-  =  HOt"  +  //jO. — ^When  hydrogen  peroxide  combines 
with  an-alkali  it  is  merely  a  matter  of  preference  whether  we  regard  HsOt 
as  an  acid  forming  a  salt  with  the  alkali,  or  consider  that  the  HsQs  forms 
a  complex  with  0H~  according  to  the  reaction  0H~  +  H2O2  =  HsOs" . 
This  last  ion  differs  only  in  hydration  from  H02'~>  and  the  equation  may 
equally  well  be  written  as  above.  The  equilibrium  constant  of  this  reaction 
(HOi"")/(OH"")(H202)  is  obtained  by  dividing  the  above  values  of  K  by 
K|9  obtained  from  (36).    Hence 

KaTj  =  720,  Ks98  =  300. 

BaOi.ioHfO  «  Ba++  +  2OH-  +  /f|0,  (aq)  +  SH^Q.—We  have  at- 
tempted to  determine  the  equilibrium  corresponding  to  this  reaction, 
when  the  hydrated  barium  peroxide  is  shaken  up  with  water.  Unfortu- 
nately the  solution  of  the  peroxide  hydrate,  notwithstanding  the  large  sur- 
face exposed,  is  very  slow,  and  the  rate  of  decomposition  of  hydrogen  per- 
oxide in  alkaline  solution  is  appreciable.  In  order  to  obviate  these  diffi- 
culties as  far  as  possible,  the  mixture  was  vigorously  stirred  in  a  bath  at 
o^.  The  analysis  of  the  resulting  solutions  is  given  in  Table  IV  (Experi- 
ments 8  and  9).  The  equilibrium  was  also  approached  from  the  other  side. 
Sdutions  of  Ba(0H)8  and  HsQs  were  mixed  and  stirred  in  the  absence  of 

Tablb  IV. 

Time.  Ba(OH)t.  HtOi. 

Hours.  MiUimols  per  1.  MflUmola  per  1. 

1 5  2.68  5.44 

2 8  2.74  5.36 

3 6  2.78  2.06 

4 5  107.0  <o.05 

5 7  2.66  5.36 

6 7  329  12.50 

7 6  2.98  8.60 

8 6  2.87  1.56 

9 24  6.38  0.20 

*  Joyner,  Z.  anorg.  Chetn.,  77,  103  (1912). 
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<:arbon  dioxide  and  the  resulting  solutions  were  filtered  by  forcing  the 
solution  through  an  asbestos  filter,  and  analyzed  (Experiments  1-7). 
Table  IV  gives  the  results  of  the  analyses. 

At  the  time  when  these  measurements  were  made  it  was  not  possible 
to  interpret  them,  but  the  recent  determination  by  Joyner  of  the  ioniza- 
tion constant  of  H2O2,  to  which  we  have  already  referred,  enables  us  to 
<!alculate  the  concentrations  of  the  various  constituents  of  the  solution 
which  we  analyzed.  We  have  seen  in  a  previous  section  that  at  o*^, 
(H0j~)/(H20t)(0H"")  =  720.  Assuming  tiiat  the  activity  of  the  ions 
in  these  pretty  dilute  solutions  is  proportional  to  the  concentrations  as 
ordinarily  determined  by  conductance  measurements,  and  taking  the  de- 
gree of  ionization  of  Ba(OH)j  and  of  Ba(H02)2  as  0.86  when  the  baritun 
<x>ncentration  is  0.06M,  and  0.90  at  0.0027M,  and  solving  by  a  series  of 
approximations,'  we  find  the  concentrations  in  millimols  per  liter  of  the 
various  constituents  as  given  in  Table  V. 

Tablb  V. 

(B»++).  (HO1-).  (OH-).  (HtOi).  KXIO". 

1 2.41  2.94  1.88  2.17  18.5 

2 2.47  2.96  1.97  2.07  19.8 

3 2.50  1.38  3.62  0.52  17.1 

5 2.40  2.90  1.89  2.14  18.4 

6 2.95  4.93  0.97  7.02  19.5 

7 2.68  4.01  1.35  4.15  20.3 

8 2.58  1.08  4.08  0.36  15.5 

9 5.50  0.15  10.80  0.02  13.0 

The  equilibrium  constant  K  =  (Ba++)(OH-")*(H2Q2)  is  given  in  the  last 
<x>lumn.  The  constancy  of  this  product  is  far  better  than  could  have 
been  anticipated.  The  calculation  is  necessarily  such  as  to  magnify 
^eatly  the  experimental  errors,  and  this  is  especially  true  in  Experiments 
3,  8,  and  9,  where  the  H2O2  was  nearly  all  combined.  Excluding  these 
three  measurements  the  average  is  K273  =  19.3  X  10"". 

From  the  thermochemical  investigations  of  de  Forcrand,  we  find  for 
the  above  reaction  AH  =  23700,  and  appljring  the  Van't  Hoflf  equation 
K298  =  7.48  X  10"'®,  whence 
BaQj.ioHjO  -=  Ba++  -f-  OH-  + 

H,02(aq)  +  8H2O;  AF%98  =  12450.      (64) 

BaO  +  Hfi{J)  =  5a++  +  2011''.— In  order  to  determine  the  free  en- 
ergy of  formation  of  hydrogen  peroxide  from  the  preceding  equations  it 
remains  to  determine  the  free  energy  of  solution  of  barium  oxide.  An 
inspection  of  the  literature  seems  to  show  the  availability  of  two  different 

1  The  equations  used  in  this  calculation  are  2(Ba++)  =  (HOi"")  -f  (OH"),  Z(HsOi) 
=  (HiOi)  -h  (HOt-)/a,  where  a  is  the  degree  of  ionization  of  Ba(OH)t  or  Ba(HOi)f, 
and  (HO,-)/[(H,0,)(OH-)]  -  720. 
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methods  for  making  this  calculation  from  existing  data.    First,  we  might 
combine  the  following  equations: 

BaO  +  COj  =  BaCO,  (a) 

BaCO»  =  Ba++  +  C0,~  (6) 

2H+  +  COa—  =  H,CO,(aq)  (c) 

HjCCCaq)  =  H2O  +  CO2  (d) 

2H2O  «  2H+  +  2OH-  (e) 

The  free  energy  of  reaction  (a)  at  25° -has  been  calculated  by  Johnston* 
from  the  experiments  of  Finkelstein;^  that  of  (&)  may  be  obtained  from 
the  solubility  of  BaCOa;  (c)  from  the  hydrolysis  of  NaiCOs  and  i^aHCOs; 
(d)  from  the  solubility  of  carbon  dioxide;  and  (e)  from  results  already  ob* 
tained  in  this  paper.  Unfortunately  we  find  by  referring  to  the  original 
paper  of  Pinkdstein  that  his  dissociation  presstures  are  not  obtained  from 
a  S3rstem  containing  the  two  solids,  BaO  and  BaCOs,  but  from  one  involving 
a  liquid  mixture  of  these  two  substances,  and  it  is  impossible  from  his 
data  to  determine  the  free  energy  of  reaction  (a). 
The  second  method  consists  in  the  combination  of  the  f  oUowinge  quations : 
Ba(OH)2.8HaO  =  Ba++  +  2OH-  +  8HaO(/)  (/) 

Ba(0H),H20  +  7H20(g)  «  Ba(OH)2.8H,0  (g) 

Ba(OH),  +  H»0(g)  =  Ba(0H)jH20  (fc) 

BaO  +  HjOCg)  =  Ba(0H)2  (i) 

9H,O(0  =  9H20(g)  0*) 

(/)  The  solubiUty  of  barium  hydroxide  octahydrate  in  water  at  o** 
is  almost  exactly  o.iilf.'  Now,  from  a  consideration  of  the  freezing-point 
lowering  of  several  uni-bivalent  salts,  we  find,  by  the  method  used  by  Lewis,* 
that  the  increase  in  free  energy  from  a  o.iM  solution  to  one  in  which  each 
ion  is  in  hypothetical  molal  concentration  is  about  3610  cals.  This  then 
is  APSw  for  the  above  reaction.  The  heat  of  solution  according  to  de  For- 
crand  is  — 14500,  whence  AF%98  =  2610. 

(g)  From  the  vapor  pressures  at  different  temperatures  over  a  mixture 
of  Ba(0H)a.8H20  and  Ba(OH)2H20  measured  by  l>scoeur*  we  find  the 
vapor  pressure  at  25**  to  be  9.1  mm.,  whence  AF%»8  =  — 18350. 

*  Johnston,  Tras  Journal,  30,  1357  (1908). 

*  Pinkdstein,  Ber,,  39,  1585  (1906). 
*Landolt-B6mstein-Roth;  Tabellen. 

*  Lewis,  This  Journal,  34, 1635  (191 2).  The  change  in  free  energy  between  o.iM 
and  o.ooiAf  was  first  determined,  namely,  6960.  At  o.ooiAf  intermediate  ions  were 
assumed  to  be  absent  and  the  degree  of  dissociation,  0.96,  was  taken  from  conductivity 
data.  The  increase  in  free  energy  between  cooiif  and  a  solution  hypothetical  molal 
with  respect  to  each  ion  is  then  equal  to  — ^R'T  In  0.0096  X  (0.00192)'  ■■  10570.  See 
also  Lewis  and  Lacey,  This  Journal,  36,  804  (1914)- 

*  Lescoeur,  CompL  rend*,  X03,  1260  (1887). 
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Qi)  Lescoeur  found  the  vapor  pressure  over  a  mixture  of  Ba(0H)sHsO 
and  Ba(0H)2  at  loo^  to  be  45  mm.  According  to  the  work  of  de  Porcrand 
the  heat  of  this  reaction  is  14800,  whence  p^os  =«  0.3  mm.,  and  AF^tM  » 
—4650. 

(i)  The  thermal  dissociation  of  barium  hydroxide  has  been  investigated 
by  Johnston,*  who  calculated  from  his  data  the  free  energy  of  the  reaction 
at  25*^.  This  calculation,  however,  was  based  on  the  assumption  that 
the  barium  hydroxide  was  solid  at  the  temperatures  investigated.  The 
melting  point  of  barium  hydroxide  has  apparently  not  been  accurately 
determined,  but  several  observers  state  that  it  melts  at  a  duU  red  heat. 
We  may.  assume,  therefore,  that  the  difference  in  free  energy  between 
liquid  and  solid  Ba(0H)8  is  small  at  the  lowest  temperature  investigated 
by  Johnston,  namely  647®,  at  which  temperattu-e  the  pressure  obtained 
from  his  curve  is  12  mm.  Assuming,  further,  that  BaO  at  this  tempera- 
ture is  not  sufficiently  soluble  in  Ba(0H)2  to  lower  materially  the  activity 
of  the  latter,  we  find  for  reaction  (i)  AF°920  =  — 759o.  The  heat  of  this 
reaction  according  to  measurements  of  de  Porcrand  is  34700  and  the  change 
in  heat  capacity  is  very  nearly  zero.    Hence  AF^^jog  =  — 25900. 

(;)  The  free  energy  of  this  reaction  from  (44)  is  AF^og  =  18480. 

Adding  reactions'  (f)-(j)» 

BaO  +  H20(/)  =  Ba++  +  2OH-;  AF^m  =  —27870        (65) 

H2  +  Oi  =  H^i  {aq). — ^We  are  now  in  a  position  to  calculate  the  free 
energy  of  formation  of  aqueous  H20a.  Equations  (61),  (62),  (64),  (65), 
(53)  and  (44)  give  (all  at  298^  A) 

BaO  +  V2O2  =  BaOa;  AF**  =  —13200 

BaOj  +  loHaO(g)  =  BaOa.ioHaO;  AP""  =  —22000 

BaOa.ioHaO  =  Ba++  +  2OH-  +  HaOa(aq)  +  8HaO(/) ;  AF*  =       12450 
Ba++  +  2OH-  =  BaO  +  HaO(/);  AF*'  =      27870 

Ha  +  V^Oa  =  HaO(0;  AF*^ 56620 

ioHaO(/)  =  loHaO(g);  AP*  =      20530 

Adding  all  these  equations  as  they  stand  gives  the  final  result 

Ha  +  Oa  -  HaOa  (aq);  AF%9g  =  —30970.  (66) 

In  this  determination  of  the  free  energy  of  formation  of  molal  aqueous 
HaOa  it  is  difficult  to  estimate  the  probable  error.  The  chief  source  of 
error  lies  in  the  determination  of  the  free  energy  of  solution  of  barium  oxide. 

^/iHi  +  Oa  +  ©  =  i/Oa~. — ^We  may  now  obtain  the  free  energy  of 
formation  of  the  hydroperoxide  ion  from  (63),  (66)  and  (9). 

AF%98  =  — 15 1 10. 
1  Johnston,  This  Journal,  30,  1357  (1908).        * 

*  The  correspondmg  value  obtained  by  adding  equations  (a)  to  (e),  on  the  assump- 
tion that  the  reaction  measured  by  Finkelstein  was  that  between 'solid  BaO  and  solid 
BaCOi,  is  AP%m  »  — 26730.  The  difference  is  in  the  direction  to  be  expected  as  a 
consequence  of  this  false  assumption. 
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H/}t{aq)  =  HtO{l)  +  VfOi. — This  reaction  is  important  because  its 
free  energy  shows  the  tendency  for  aqueous  hydrogen  peroxide  to  decom- 
pose.   Combining  (66)  and  (53)  gives 

AF%98  «  —25650.  (67) 

Nemst,  from  e.  m.  f.  measurements,  obtained  the  value  — 17100,  differ- 
ing from  the  above  by  8500  cals.  It  is  extremely  improbable  that  our 
^alue  can  be  in  error  by  one-tenth  of  this  difference.  This  difference 
makes  an  enormous  change  in  the  calculation  of  the  equilibrium  constant 
in  the  vapor  phase  studied  by  Nemst,  namely,  [H2Qj]V[HiO]'[02]. 
If  our  calculations  are  correct  the  value  of  Nemst  for  this  constant  is 
-erroneous  by  a  factor  of  10^*  as  will  be  shown  presently. 

HiOt(/)  =-//jOj(i:).— The  experiments  of  Wolffenstein*  and  of  Briihl* 
show  the  vapor  pressture  of  pure  HjOj  to  be  29  mm.  at  69**  and  65  nmi. 
at  85  °.  Hence  we  find  the  heat  of  vaporization  per  mol  to  be  12300  cals.,' 
whence  the  vapor  pressure  at  25^  is  2.1  mm.  and 

AF%98  =  3500.  (68) 

H^i(aq)  =  H^i(g). — If  the  law  of  perfect  solutions  were  appUcable 
to  a  mixture  of  H2O  and  H2O2  the  vapor  pressture  of  HfOt  (M)  would  be 
2.1/56.5  =  0.037  ni°i-  Some  distillation  experiments  of  Nemst*  seem 
to  indicate  that  the  vapor  pressure  is,  however,  only  about  one-fourth 
or  one-fifth  of  that  corresponding  to  Raoult's  law.  We  may  take  o.oi 
mm.  as  a  rough  approximation,  and 

AF%98  =  RT  hi  (760/0.01)  =  6700.  (69) 

Ht  +  Ot^  /f|Oi(/).— Combining  (66),  (68)  and  (69), 

AF°29«  =•  --27770.  (70) 

H2  +  O2  =  H2Q2(g).— Addmg  (66)  and  (69)  gives 

APS«8  =  —24270.  (71) 

The  value  of  AH  for  this  reaction  may  be  found  by  combining  the  above 
heat  of  vaporization  of  H2O2  with  the  thermochemical  data  of  Thomsen 
and  de  Forcrand,  which  gives  AH291  =  — 32600.  The  heat  capacity  of 
gaseous  H2Q2  has  not  been  determined.  We  will  assume  that  it  is  approxi- 
mately the  same  as  that  of  ammonia,  the  only  tetratomic  gas  which  has 
been  investigated.    Thus 

H2O2;  C^  «  7.5  +  0.0042T 
H2;  C^  «  6.5  +  0.0009T 

*  Woiffenstein,  Ber.,  27,  3307  (1894). 
«  Brthl,  Ibid.,  aS,  2847  (1895). 

*  Prom  these  data  the  boiling  point  of  HsOs  is  144.^,  and  the  constant  of  Trouton's 
rule,  K  »  AH/T,  is  29.5.  This  unusually  high  value  was  to  be  expected.  Hydrogen 
peroxide  must  be  a  very  abnormal  liquid,  as  shown,  for  example,  by  the  fact  that  it  has 
the  hifl^est  of  all  dielectric  constants. 

*  Nemst.  Z.  pkysik.  Chem,,  46, 730  (1903). 
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and 


O2;  C^  =  6.5  +  o,ooioT 
Ar  =  —5.5  +  0.0023T 


AF"^  =  — 31100  +  5.5T  In  T  —  0.00115T*  —  8.08T         (72) 
where  the  value  of  I  is  obtained  from  the  above  value  of  AFSst^ 

Prom  this  equation,  it  appears  that  hydrogen  peroxide  cannot  be  formed 
spontaneously  in  appreciable  amount  from  oxygen  and  hydrogen  except 
below  1000®. 

HiPig)  +  V«Oj  =  Hfit(g). — ^The  general  equation  for  the  free  energy 
of  this  reaction  may  be  found  by  combining  Equations  (56)  and  (72). 

AF**  «=  26310  +  4.56T  hi  T  —  0.0028T*  +  o.6ooooo37T»  —  1 1.80T.  (73) 

Prom  this  equation  we  calculate  that  the  pressure  of  H2O2  in  equiUbrium 
with  water  vapor  and  oxygen,  each  at  atmospheric  pressure^  is  i  X  io~^ 
atm.  at  2000^  A,  and  3  X  lo"*  atm.  at  3000^  A.  The  experiment  of 
Traube,  already  referred  to,  in  which  a  considerable  3deld  of  HjQj  is  ob- 
tained by  the  rapid  cooling  of  an  oxyhydrogen  flame  cannot,  therefore, 
be  explained  by  assuming  that  HsQs  is  largely  present  in  the  gases  in  the 
hottest  portion  of  the  oxyhydrogen  flame.  It  must  be  explained  rather 
by  assuming  that  in  the  colder  parts  of  the  flame,  probably  between  500*^ 
and  1000®  C,  hydrogen  and  oxygen  combine  directly  to  form  hydrogen 
peroxide. 

In  concluding,  we  wish  to  express  our  obligation  to  the  Rumford  Fund 
of  the  American  Academy  of  Arts  and  Sciences  for  financial  aid  in  this 
investigation. 

Summary. 

We  shall  not  attempt  to  summarize  further  a  paper  which  is  itself  a 
summary  of  numerous  investigations,  several  of  which  have  not  hitherto 
been  published.  We  have,  however,  collected  in  Table  VI  the  values  for 
the  free  energy  of  formation  of  eleven  substances  from  the  elements  in 
their  standard  states.  The  table  also  shows  the  number  of  the  equation 
connecting  the  free  energy  of  formation  and  the  temperature. 

Tablb  VI. 

Subttance.  PSti.  Bquation. 

H,0(g)  —54567  56 

H,0(s)  —56478 

HiOi(aq)  —30970 

HOj-  — 151 10 

HjOid)  —27770 

Hi02(g)  —24270 

We  also  append  to  this  paper  a  short  table  of  numerical  constants,  which 
we  have  found  exti'emely  useful  in  these  calculations,  and  which  may  be  of 
use  to  others. 


Subttance. 

V^n$. 

Equat 

0, 

32400 

5 

H 

30550 

7 

H+ 

0 

9 

OH- 

37385 

Hioa) 

— ^56620 
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Tablb  vn. 

X. 

Log  X. 

I  cc.-atms. 

e  X  joules 

0. 101 33 

9.005737 

I  cc.-atms. 

=  xcals. 

0.02423 

8.384353 

I  cal.  (i5») 

B  X  joules 

4.182 

0.621384 

«—«•€. 

273.09 

2.436306 

Molal  gas  volume  (0^  C, 

X  atms.) 

=  «cc. 

22412 

4.35048X 

R' 

B  X  cals.  per  degree 

1.9885 

0.298528 

R 

■■  X  joules  per  degree 

8.3160 

0.919912 

R' 

—  X  cc.-atms.  per  degree 

82.07 

1.914175 

F 

a  X  coulombs  per  equiv. 

96494 

4.984500 

F' 

B  X  cals.  per  volt-equlv. 

23074 

4.363116 

ln(    ) 

-*log(    ) 

2.3026 

0.362216 

R'ln(    ) 

=  *log(    ) 

4.5787 

0.660744 

(R/F)ln(    ) 

-xlog(    ) 

0.00019844 

6.297626 

25*  C. 

««*A 

298.1 

2.474362 

ln29S.i 

■■  X 

5.6974 

0.755679 

298.1  In  (    ) 

-«log(    ) 

686.40 

2.836578 

298.1  R' In  (    ) 

-*log(    ) 

1364.9 

3.135106 

298.1  111298.1 

=  X 

1698.4 

3.230041 

298.1  (R/F)  In  (    ) 

-«log(    ) 

0.05915 

8.771988 

Bsucsi^ST.  Cau 

[Contribution  from  thb  Chbmical  Laboratories  ot  CXark  Univ8rsit7.  ] 

A  METHOD  OF  FmDING  THE  PARTIAL  FROM  THE  TOTAL 

VAPOR  PRESSURES  OF  BINARY  MIXTURES,  AND  A 

THEORY  OF  FRACTIONAL  DISTILLATION, 

Bt  M.  a.  Rosanovf,  C.  W.  Bacon  and  John  P.  W.  Schx7Lzs.< 
RcceiTcd  July  25,  1914. 

Section  z.    A  Relationship  between  the  Total  and  Partial  Pressures  of 

Binary  Mixtures. 

A  simple  method  of  measuring  the  partial  vapor  pressures  of  liquid 
mixtures  was  described  in  another  joint  communication  from  these  lab- 
oratories.* The  method  depends  upon  the  analysis  of  a  series  of  con- 
secutive distillates  from  a  given  mixture,  and  presents  no  manipulative 
difficulties.  The  fractions  are  "analyzed"  by  determining  their  refractive 
indices'  or,  in  the  case  of  ternary  mixtures,  by  determining  the  index  of 
refraction  and  one  other  physical  property,  such  as  the  density  or  the 
boiling  temperature.^  There  are  important  cases,  however,  where  mix- 
tures cannot  be  so  simply  analyzed  with  any  degree  of  accuracy,  and  conse- 
quently the  experimental  determination  of  the  partial  pressures  would  be 
unreliable. 

^  A  brief  preliminary  account  of  the  contents  of  tills  papet  was  published  in  the 
J.  Frank.  Inst.,  December,  1911. 

*  Rosanoff,  Bacon  and  White,  This  Journal,  36,  1803  (1914). 

»  V.  Zawidzki,  Z.  physik.  Chem.,  35,  138  (1900);  Rosanoff  and  Easley,  Tms  Jour- 
nal, 3i»  968  (1909). 

*  Schulze,  Ibid.,  36,  498  (i9Z4)« 
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That  partial  pressures  can  be  calculated  from  the  total  pressures  (which 
are  always  readily  determinable)  has  been  pointed  out  by  Margules.* 
But  Margules's  method,  which  depends  on  the  graphic  measurement  of 
the  slope  of  the  total  pressure  curve  at  its  two  ends,  is  liable  to  yield 
inaccurate  results.  At  best,  it  permits  of  finding  only  two  constants  for 
the  calculation  of  partial  pressures,  and  this  is  often  insufficient.*  For 
these  reasons,  and  also  with  a  view  to  the  development  of  a  mathematical 
theory  of  fractional  distillation,  it  seemed  desirable  to  formulate  a  general 
relationship,  even  if  only  empirical,  between  the  total  and  partial  vapor 
pressures. 

Such  a  relationship  is  suggested  by  Konowalow's  semi-quantitative 
principles  relating  to  the  shape  of  the  total  pressure  curve.*  These  prin- 
ciples indicate  that  the  greater  the  slope  of  the  total  presstu^e  curve, 
the  greater  is  the  difference  in  composition  between  the  liquid  and  its 
vapor.  When  the  total  pressure  curve  passes  through  a  maximum  or  a 
minimum,  its  slope  is  zero,  and  the  composition  of  vapor  and  liquid  is 
identical.  Calling  x  the  molar  fraction  of  one  of  the  components  in  the 
liquid,  T  the  total  presstu^,  and  pi  and  pi  the  partial  pressures,  we  thus 
have:  when  dv/dx  «=  o,  (pi/pi)/[x/{i  — x)]  =  i.  This  theorem  sug- 
gested formulating  the  slope  of  the  total  pressure  curve  as  a  logarithmic 
function  of  the  relative  composition  of  vapor  and  liquid. 

If,  now,  in  a  given  case— for  instance,  in  one  of  the  cases  discussed  below — 
a  set  of  values  of  dv/dx  are  plotted  against  the  corresponding  values  of  log- 
lpi{i  —  x)/p^],  the  result  is  found  to  be  a  straight  line  passing  through  the 
origin  of  the  coordinates,  which  indicates  that  the  simplest  possible  relationship 
exists  between  the  two  quantities:  viz.,  proportionality.  This  apparently 
general  law  is  expressed  by  the  equation: 

d7r/dx  =  (i/k)  log  [pi{i—x)/pfx] 
The  constant  i/k  is  evaluated  by  the  following  considerations:  If  the 
equation  just  given  is  applicable  generally,  it  must  hold  true  also  in  those 
cases  in  which  the  total  and  partial  pressure  curves  are  straight  lines. 
In  such  cases  dr/dx  =  Pi  —  P2  (the  difference  of  the  vapor  pressures 
of  the  isolated  components),  and  [pi{i  — x)\lp^  =  Pi/Pv  We  should, 
therefore,  have: 

dTr/dx  ^P,-P,^  (i/fe)  log  Ipiil  -  x)/p^]  =  (l  A)  log  (Pi/P,) 
whence, 

(i/*)  =  (Pi  -  P2)/(log  Pi  -  log  P,) 

In  general,  then,  we  obtain: 
dir/dx  =  [(Pi  -  P2)/(log  Pi  -  log  P,)]  log  [pi{i  -  x)lp^\       (A) 

*  Margtiles,  Sitzh.  Kais.  Akad,  Wiss.  Wien.,  [2]  104,  1243  (1895). 

*  See  Rosanoff  and  Easley,  loc,  cit.,  p.  957. 

*  Konowalow,  Wied,  Ann.,  14,  34,  219  (1881). 
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The  complete  correspondence  between  Equation  A  and  the  qualitative 
theorems  of  Konowalow  imparts  to  the  equation  something  of  a  theoretical 
character.  Also,  (A)  is  at  least  not  in  conflict  with  the  thermodynamic  equa- 
tion of  Duhem  and  Margules.  But  its  chief  recommendation  is  that  it  faith- 
fully reproduces  the  experimental  results  in  all  known  types  of  cases. 
Tables  I,  II,  and  III  show  how  closely  it  has  permitted  of  ccdculating  the 
vapor  compositions  from  the  total  pressiu-es,  in  three  cases  experimentally 
studied  by  v.  Zawidzki.^  Table  IV  relates  to  a  case  in  which  it  has  ren- 
dered valuable  practical  service,  as  explained  further  on. 

In  the  tables  below  the  composition  of  the  Uquids  is  expressed,  not  in 
molar  fractions,  but  in  molar  per  cents,;  further,  the  partial  pressures, 
which  are  directly  dependent  upon  the  composition  of  the  vapor,  are 
replaced  by  the  corresponding  molar  per  cents,  in  the  vapor. 

Case  I.  Carbon  Tetrachloride  and  Benzene, — The  isothermal  total  pres- 
sure curve  for  49.99^,  on  the  basis  of  Zawidzki's  measiu-ements,  is  well 
represented  by  the  following  equation,  obtained  by  us  with  the  aid  of  the 
method  of  least  squares: 

T   =   268.075  +  8O.853X  —  43.8263^  +   16.531a;* 13.695** 

According  to  this  equation,*  a  mixture  containing  91.65  molar  per  cent,  of 
carbon  tetrachloride  has  a  vapor  pressure  of  308.43  mm.,  which  is  a  maxi- 
mum, the  vapor  pressure  of  piu-e  carbon  tetrachloride  being  308.0.  Fur- 
ther, according  to  the  equation: 

logloPl  — lOgloPa   ^   rsr^r^rrs^ 
p    _p «   O.OOI5IO3, 

and  therefore,  by  Equation  A: 

logiol/>i(i  — x)/p^]  =  0.122115  —  0.132383*  +  o.o749ooo«*  —  0.082734^^* 
The  following  table  compares  the  results  yielded  by  these  equations  with 
those  found  by  Zawidzki  experimentally.    The  second  and  third  columns 
Tabus  I. — Cakbon  TKTRAcm<oRiDB — Bbnzbnb. 

Molar  %  ecu  in  Tapor. 
rcalc. 
272.1 
277.0 
28Z.O 
t85.8 
288.4 
293.9 
301. 1 
304.9 
307.0 

give  the  observed  and  the  calculated  total  pressures;  the  fourth  and  fifth 
columns  compare  the  experimental  and  the  calculated  molar  percentages 

^  V.  Zawidzki,  loc.  cit, 

*  See  also  Young,  "Fractional  Distillation"  (London,  i903)t  P*  65. 


Molar  %  CCI4 

roba. 

in  liquid. 

mm. 

5.07 

271.8 

11.70 

277.6 

17.58 

281.5 

25.15 

285.4 

29.47 

288.3 

39.53 

2945 

55.87 

301.0 

67.55 

305.2 

76.52 

306.8 

Obs. 

Gale 

6.81 

6.54 

14.59 

14.51 

21.21 

21. 2Z 

29.05 

29.36 

33.65 

33.81 

43.70 

43.79 

58.61 

59.08 

69.40 

69.83 

77.74 

77.66 
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of  carbon  tetrachloride  in  the  vapor.    The  difiFerences  between  experiment 
and  otu*  calculations  are  insignificant. 

Case  2.    Ethyl  Iodide  and  Ethyl  Aceiatd. — The  isothermal  total  pressure 
curve  (49.99°)  is  represented  by  the  equation: 

T  =  280.325  +  250.403^*:  —  285.085X*  +  210.995^*  —  I03.i47iit* 
Accordingly,  the  curve  passes  through  a  maximum  when  the  molar  per 
cent,  of  ethyl  iodide  in  the  liquid  is  76.49.    Further, 

p  p 

i^^^Tfr — 1  '     p  =  726.456, 

logio  r^i  —  logio  Ft 
and  hence,  by  Equation  A: 

logio[f  1(1  —  ^)//>i^]  =  0.344691  —  o.784865ijf  +  0.871333X*  — o.567946x' 
Table  II. — UrsYh  loDmn — Ethyl  Acstatb. 

Molar  %  CsH»I  in  Yapor. 


Molar  %  CtHil 
in  UquM. 

w  obs. 

vcak. 

Obs. 

Calc 

5.90 

294.3 

294.1 

9.8 

IZ.Z 

11.48 

304.7 

305.3 

17.7 

19.3    ' 

13.76 

308.7 

309.9 

20.9 

20.1 

19.46 

319.5 

319.7 

27.9 

28.6 

22.88 

325.2 

324.9 

31.7 

32.2 

30.57 

335.4 

335.4 

39.0 

39.4 

37.45 

343.4 

343.2 

45.3 

45.4 

45.88 

350.7 

351.0 

52.2 

52.4 

54.86 

357.4 

357.4 

59.7 

59.5 

63.40 

361.7 

361.6 

66.1 

66.1 

73.88 

363.5 

364.1 

74.0 

74.4 

82.53 

363.5 

363.6 

81.5 

81.5 

90.98 

360.7 

360.4 

89.3 

89.4 

Case  3.    1 

Chloroform  and  Acetone.— Tht  isothermal  total 

pressure  curve 

(35-17'')  IS  represented  by  the  equation: 

^  =  343.719  - 

-  I46.168X  - 

-  418.752^' 

^  +  895.099^'- 

380.240^^ 

Therefore, 

jPij: 

'P^              , 

™  712.1. 

logio  Pi -logio  P,        '^  ^^' 
and,  according  to  Equation  A: 
logio[pi(i  —  x)/pix]  =  —0.199592  —  1.14361X  +  3.66677a;*  —  2.07687X* 

In  the  case  of  chloroform  and  acetone  there  can  be  little  doubt  as  to 
complex  molecules  being  formed  to  a  greater  or  less  extent.  Therefore, 
the  agreement  between  the  calculated  and  the  experimental  molar  per 
cents.,  while  not  as  close  as  in  the  preceding  cases,  may  still  be  considered 
very  satisfactory. 

Case  4,  Benzene  and  Toluene, — In  this  case  the  refractive  indices  of 
the  two  pure  substances  are  not  sufficiently  different  to  permit  of  de- 
termining the  composition  of  a  given  mixture  refractometrically  with  any 
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degree  of  predsion.  Thexefore,  at  least  when  the  available  amount  of 
substance  is  small,  experiment  can  only  yield  rough  results.  A  need 
having  arisen  here  (in  connection  with  a  study  of  isopiestic  fractional 


""tig^^ 

robs. 

0 

344.5 

6.03 

332.1 

12.03 

320.1 

12.32 

319.7 

18.18 

308.0 

29.10 

285.7 

40.50 

266.9 

50.83 

252.9 

58.12 

248.4 

66.35 

249.2 

79.97 

26Z.9 

80.47 

262.6 

91.79 

279.5 

100 

293.1 

U>ROFORM — 

AC8TONK. 

Molar  %  CHCli  in  vmpor. 

rcalc. 

Obt. 

Gale 

343.7 

333.6 

2.8 

3.4 

321.6 

6.2 

6.6 

320.9 

6.4 

6.8 

308.3 

10.3 

10. 1 

285.1 

19.4 

18.0 

265.1 

31.8 

30.1 

253.4 

45.6 

44.7 

249.7 

56.3 

56.2 

250.2 

68.3 

68.8 

261.3 

85.7 

85.5 

261.9 

85.4 

86.0 

279.0 

95.0 

95.0 

293.7 

distillation)  to  obtain  accurate  knowledge  of  the  vapors  given  off  by 
benzene-toluene  mixtures,  we  felt  that  the  mathematical  method  de- 
scribed above  would  lead  to  decidedly  better  results  than  any  experimental 
method.  The  vapor  compositions  thus  found  corresponded  to  liquid 
mixtures  kept  at  one  and  the  same  temperature.  From  these,  however, 
we  had  no  trouble  in  calculating  also  the  composition  of  vapors  given  off 
by  mixtures  boiling  isopiestically.  We  reproduce  these  calculations  both 
as  an  illustration  of  the  procedure  involved,  and  because  of  the  intrinsic 
value  of  the  results. 

Thiophene-free  benzene  and  pure  toluene  were  further  purified  by 
washing  with  water,  drying  with  calcium  chloride,  and  fractionating. 
The  utilized  fraction  of  either  substance  distilled  over  within  o.i^. 
A  set  of  ten  different  mixtures  was  then  accurately  made  up  by  weighing, 
and  the  total  vapor  pressures  of  these,  as  well  as  of  the  two  pure  substances, 
all  at  79.70**,  were  determined  with  the  aid  of  an  Oddo  ebullioscope  con- 
nected by  wide  tubing  with  an  empty  tank  and  a  baromanometer.^  The 
measurements,  which  are  recorded  in  the  second  column  of  Table  IV,  are 
almost  perfectly  reproduced  by  the  following  equation: 

T   *=   288.438  +  466.519X 56.464^1?*  +   IOO.28IX'  49.97IX* 

where  x  is  the  molar  fraction  of  benzene  in  the  Uquid.  The  values  of  x 
given  by  this  equation  are  reproduced  in  the  third  column  of  the  table. 
This  equation  also  gives: 

^  See  Rosanoff  and  Dtmphy,  Tms  Journal,  36,  1416  (1914). 
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log..Px-log..P,  ^  ^  ^^^ 

fi jTj 

and  consequently,  according  to  oiu-  Equation  A: 

logio[/>i(i  — x)/p^]  =  0.4198671  — 0.101635A;  +  0.270759X*  —  o.i79896x' 
The  values  of  pi  (partial  pressure  of  benzene  in  the  vapor)  calculated 
from  this  last  equation  were  converted  into  molar  per  cents,  and  are  re- 
corded as  such  in  the  fourth  column  of  Table  IV. 

Tablb  IV. — ^Bbnzbnb — ToLUBNB  (Isothkrmal). 


>lar  %  of  C«H« 

Molar  %  of  C«H« 

in  liquid. 

robs. 

vcalc. 

in  yapor. 

100 

748.7 

748.8 

ICO 

95.65 

729.0 

728.9 

98.27 

91.89 

711. 4 

711.6 

96.72 

82.43 

668.0 

667.7 

92.49 

73.27 

624.9 

625.0 

87.82 

63.44 

579.2 

579.2 

81.97 

54.51 

537.5 

537.8 

75.74 

43.52 

487.0 

487.2 

66.56 

33.83 

443.1 

443.0 

56.76 

22.71 

392.8 

392.5 

42.95 

IZ.61 

341. 5 

342.0 

25.30 

0 

288.5 

288.4 

0 

With  a  view  to  the  needs  of  our  distillation  study,  we  next  proceeded  to 
calculate  the  composition  of  the  vapors  as  given  off  by  the  liquid  mixtures 
boiling  under  constant  pressure.  But  first  the  boiling  temperattu'es  them- 
selves  were  determined,  under  a  pressure  of  750  =fc  i  mm.  Only  in  the 
case  of  the  two  isolated  components  the  atmospheric  pressure  was  higher, 
but  not  sufficiently  so  to  affect  the  final  results.  These  boiling  tem- 
peratures are  shown  in  the  second  column  of  Table  V. 

To  find  the  vapor  compositions  at  these  temperatiu-es,  we  made  use  of 
a  principle  introduced  in  an  earlier  communication.*  In  general,  namely, 
the  composition  of  vapors  from  binary  mixtures  may  be  acctu:ately  repre- 
sented by  an  expression  of  the  following  form: 

pipe  fi 

^  [(I  -xy-  V,]  +  f  [(I  -xy-  V4I 

As  shown  in  the  communication  referred  to,  the  coefficients  aa,  03,  and  cu 
are,  in  all  cases  in  which  the  heat  of  dilution  is  moderate,  practically  inde- 
pendent of  the  temperature,  so  that  changes  of  temperature  influence  the 
vapor  composition  only  by  affecting  the  value  of  P1/P2.  If,  therefore, 
from  an  expression  found  for  some  given  temperature  we  should  subtract 
the  logarithm  of  Pi/Ps  corresponding  to  that  temperature,  and  to  the 
»  RosanoflF  and  Easley,  This  Journai.,  31,  957  (1909). 
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remainder  add  an  expression  representing  the  logarithm  of  Pi/Pt  as  a 
ftmction  of  the  temperatmre,  we  should  obtain  a  more  general  expression, 
from  which  the  vapor  composition  could  be  calculated  for  any  temperatiu-e 
or  temperatures  within  the  given  range. 

In  the  case  of  benzene  and  toluene  the  heat  of  dilution  is  very  small, 
and  therefore  the  principle  just  stated  may,  within  the  temperature  range 
involved,  be  applied  without  hesitation.  On  the  basis  of  both  Regnault's^ 
and  Young's*  meastu-ements  of  the  vapor  pressures  of  benzene,  and  of 
Kahlbaum's'  measurements  of  the  vapor  pressures  of  toluene,  we  find: 

Pt/Pi  =  0.2641  +  0.001506/ 

where  t  is  the  centigrade  temperature,  the  formula  applying  between  80^ 
and  1 10^.  For  the  temperature  of  our  isothermal  measurements,  viz., 
79.70®,  and  using  common  logarithms,  logioCPs/Pi)  =  0.4155238.  Sub- 
tracting this  from  0.4198671,  the  constant  term  of  our  isothermal  equation, 
and  further,  introducing,  with  the  appropriate  sign,  the  common  logarithm 
of  P%/Pi  as  a  function  of  the  temperature,  we  finally  obtain: 

logio[pi(i  —x)/p^]  =  0.0043433  —0.101635^  + 

0.270759^;*  —  0.179896**  —  logio  (0.2641  +  0.001506O 

The  composition  of  the  vapors  from  the  mixtures  indicated  by  the  first 
column  of  Table  V,  at  the  temperatiu-es  given  in  the  second  column,  were 
calculated  by  this  final  equation,  and  are  recorded  in  the  third  column. 

TaBLS  V. — ^BBNIENB— TOLUBNB  (ISOPIBSTIC). 

Weight  per  cent,  of  benzene 


tl:L^^ 

Boiling  point 
under  750  mm. 

Molar  %  oi  C«Ht 
in  the  rapor. 

in  the  Uqnid 

in  the  yapor. 

0 

109.59** 

0 

0 

lO 

104.85 

20.8 

8.6 

18. 1 

30 

101.00 

37.2 

17.5 

33.4 

30 

97. 65 

50.7 

26.7 

46.5 

40 

94.60 

61.9 

36.1 

57.9 

50 

91.85 

71.3 

45.9 

67.7 

60 

89.30 

79.1 

56.0 

76.2 

70 

86.85 

85.7 

66.4 

83.5 

80 

84.55 

91.2 

77.2 

89.7 

90 

82.25 

95.9 

88.4 

95.1 

95 

81.00 

98.0 

94.2 

97.7 

100 

79.70 

100 

100 

In  spite  of  the  circuitous  calculation,  we  believe  these  results  to  be  quite 
exact.  For  convenience  of  reference,  we  add  a  fourth  and  fifth  columns, 
expressing  the  same  results  in  terms  of  per  cents,  by  weight. 

>  Regnault»  Mem,  de  I' Acad.,  26,  339  (1862). 

*  Young.  /.  Ckem.  Soc.,  55,  486  (1889). 

*  Kahlbaum,  Z.  physik,  Chem.»  26,  603  (1898). 
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Section  2.    A  Theory  of  Fractional  Distillation  without  Reflux  Con- 
densation. 

In  principle,  two  different  ways  must  be  distingtushed  in  which  fractional 
distillation  may  be  carried  on:  the  vapor  may  either  be  allowed  to  escape 
from  the  still  without  any  reflux  condensation  at  all,  or  else  it  may  be 
partially  recondensed  on  its  way»  the  condensate  returning  to  the  boiling 
liquid  in  the  still.  In  all  practical  work,  whether  on  a  laboratory  or  an 
industrial  scale,  partial  reflux  condensation  is  employed  invariably,  be- 
cause it  greatly  increases  the  efficiency  of  the  process  by  increasing  the 
difference  between  the  composition  of  the  vapor  and  that  of  the  boiling 
liquid.  A  rational  process  of  this  type  will  shortly  be  described  in  a  special 
series  of  pubUcations.  In  this  present  communication  we  will  consider 
only  distillation  involving  no  reflux  condensation — a  process,  to  be  sure, 
of  academic  rather  than  of  practical  interest,  but  nevertheless  worthy  of 
consideration. 

Since  the  appearance  of  Konowalow's  classic  paper^  on  the  total  vapor 
pressures  of  mixtures,  it  has  been  clearly  understood  that  in  all  cases, 
except  where  the  vapor  pressiu-e  of  the  given  mixture  is  a  maximum  or  a 
minimum,  distillation  divides  a  mixture  into  fractions  of  unequal  volatility, 
the  residue  being  less  volatile  than  the  distillate  and  even  less  volatile  than 
the  original  mixture.  In  other  words,  during  a  distillation  at  constant 
temperature  the  total  pressure  of  the  Uquid  in  the  still  must  continually 
diminish;  during  a  distillation  under  constant  pressure,  the  temperature 
of  the  boiling  mixttu-e  must  continually  rise.  But  these  Konowalow 
principles,  being  piwely  qualitative,  do  not  constitute  a  theory  of  distilla- 
tion in  the  truer  sense  of  the  term.  A  true  theory  of  distillation  should 
furnish  a  general  answer  to  questions  like  the  following:  given  a  mixture 
of  a  certain  specified  composition,  what  proportion  by  weight  of  the  total 
must  be  distilled  off  in  order  that  the  composition  may  chcmge  from  what 
it  was  originally  to  some  new  specified  value? 

An  attempt  to  solve  this  problem  was  made  some  twenty  years  ago  by 
Barrell,  Thomas,  and  Young.*  The  asstunption  underlying  their  solution 
is  that  throughout  the  distillation  the  ratio  of  the  weights  of  the  com- 
ponents in  the  vapor  is  proportional  to  the  ratio  of  the  weights  in  the 
liquid.  Denoting  by  (  and  ri  the  weights  in  the  Uquid,  and  by  di  and  dti 
the  weights  in  the  vapor,  the  assumption  is  expressed  by  the  equation: 

di/dri  =  ci/n 
or 

dh^/dlnrj  =  c, 

>  Konowalow,  Wied.  AniP.,  14,  34,  219  (188 1). 

«  Barrel!,  Thomas  and  Young,  Phil,  Mag.,  I5]  37,  8  (1894);  Young,"  Fractional 
Distillation"  (London,  1903),  p.  93;  Nemst,  Theoretische  Chtmie  (Ed.  7,  Stuttgart, 
1913)  p.  109. 
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c  being  a  constant.  This  assumption  had  some  years  previously  been 
proposed  by  F.  D.  Brown.*  But,  as  Young  himself  has  pointed  out  in 
his  monograph  on  fractional  distillation,  Brown's  assumption  cannot 
possibly  be  true  as  a  general  rule,  and  leads  to  absurdities  in  those  cases 
in  which  the  total  pressure  curve  passes  through  a  maximum  or  a  minimum. 
It  must,  however,  be  added  that  Brown's  formula  does  hold  good  for  the 
isothermal  distillation  of  mixtures  whose  partial  and  total  vapor  pressure 
curves  are  perfect  straight  lines;  only  such  cases  are  rare. 

Another  theory  of  distillation  was  proposed  in  1902  by  Lord  Rayleigh.* 
Let  the  weight  of  a  given  liquid  mixture  be  denoted  by  w,  and  the  weight 
of  the  first  component  in  it  by  y.  Then  y/w  is  the  fraction  of  the  total  weight 
constituted  by  the  first  component.  If  this  fraction  is  denoted  by  (,  we 
ba-veiy/w  =  {,  or 

Let,  at  the  same  time,  the  entire  weight  of  the  vapor  be  dw,  and  the  weight  of 

the  first  component  in  the  vapor  dy.    Then  the  fraction  by  weight  of  the  first 

,  component  in  the  vapor  is  dy/dw.    In  any  given  case  Ihe  fraction  of  the  first 

component  in  the  vapor  will  be  some  function  of  the  fraction  in  the  liquid: 

or  since  7  =  wj 

whence,  if  Wo  and  (o  denote  the  initial  values  of  vi  and  (, 

so 

To  turn  this  mode  of  formulation  into  a  theory,  it  is  necessary  to  make 
some  asstmiption  regarding  the  nature  of  the  function  /({) .  Lord  Rayleigh 
assumes  that  in  very  dilute  solutions,  i.  e.,  in  mixttu'es  containing  very 
little  of  what  we  call  the  first  component,  the  fraction  of  that  component 
in  the  vapor  is  simply  proportional  to  its  fraction  in  the  liquid:  dy/dw  = 
/({)  =  «f ;  whence,  by  integration, 

the  constant  x  to  be  found  empirically. 

Lord  Rayleigh's  theory  is  thus  confined  to  very  dilute  mixttu'es  only 
and  leaves  room  for  a  more  general  theory,  based  on  some  reliable  assump- 
tion regarding  the  relation  between  the  composition  of  the  vapor  and  of 
the  liquid  for  all  possible  concentrations.    Such  a  relationship,  even  if  only 

*  Brown,  Trans.  Chem.  Soc.,  39,  317  (1881). 

"  Lord  Rayleigh,  Phil.  Mag.,  [5]  4,  527  (1902);  see  also  Plucker,  Pogg.  Ann.,  92, 
198  (1854). 
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semi-theoretical  in  character,  is  furnished  by  Equation  A  developed  in  the 
preceding  section;  and  as  that  equation  appears  to  hold  true  in  all  types 
of  cases,  a  mathematical  theory  of  distillation  based  upon  it  must  likewise 
be  generally  applicable. 

As  in  connection  with  the  Brown  formula  above,  we  will  again  denote 
by  (  and  17  the  absolute  weights  of  the  components  in  the  liquid,  and  by 
d^  and  drj  their  absolute  weights  in  the  vapor.  Let,  further,  pi  and  p% 
represent  the  partial  pressures  of  the  components,  and  let  x  represent 
the  molar  fraction  of  the  first  component  in  the  liquid.  Then  pi/p%,  the 
ratio  of  the  partial  pressures,  equals  the  ratio  of  the  molar  fractions  in  the 
vapor,  these  molar  fractions  being  based,  of  course,  on  the  actual  molecular 
weights  of  the  two  vapors.  But,  as  pointed  out  in  a  previous  communica- 
tion,^ if  the  purely  thermodynamic  equation  of  Duhem  and  Margules 
is  not  to  be  contradicted,  the  molar  fractions  x  and  i  —  x  in  the  liquid 
must  be  based  on  the  same  molecular  weights  as  the  molar  fractions  in 
the  vapor.  It  may,  therefore,  be  stated  with  certainty,  that  the  quotient 
of  the  ratios  of  the  molar  fractions  in  vapor  and  liquid  is  equal  to  the 
quotient  of  the  ratios  of  the  weights,  as  expressed  by  the  equation: 

or 

dbii  ^pi(  i—x) 
dlnri  p^ 

Now,  our  Equation  A  teaches  that 

^       p^  dx 


or 

pi{i—x) 
pipo 
e  denoting,  as  usual,  the  base  of  natural  logarithms.    We  therefore  have: 


J^*/d* 


dlai 


V^'/^'     (B) 


din  17 

and  all  conclusions  regarding  the  course  of  a  fractional  distillation  based 
on  this  formula  will  be  as  reliable  as  Equation  A  itself. 
Calling  Ml  and  Mt  the  molecular  weights  of  the  two  components,  we  have : 

X         ilMx 
i—x  ^  ri/Mt' 
whence 

dhift/i;)  =  dx/x{i—x) 
and 

d  Ini?  B  d  ln{  —  dx/x{i  —  x) 
1  Rosanoff,  Tms  Journai,,  36,  14x0  (z9i4}* 
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Then,  by  simple  transformation,  from  (B)  : 

Denoting  by  (o  and  Xo  the  initial  weight  and  the  initial  molar  fraction  of 
the  first  component  in  the  liquid,  we  get 

X 

hif-=\ dx (C) 

For  the  second  component  we  obtain  analogously: 

X 

Sdx 
(D) 
(e*^'/^— i)(i— x)ir 

Needless  to  say,  the  integrations  may  be  readily  carried  out  by  one  of 
the  ordinary  approximation  methods.  Also,  only  one  of  these  integrations 
must  be  carried  out,  as  the  quantities  (  and  17  are  connected  by  the  equation  : 

I — X  M%  ^ 
X  Ml 
It  will  be  noted  that  Equations  C  and  D  express  the  relation  between  the 
changes  of  weight  and  composition  accompanying  isothermal  fractional 
distillation,  in  terms  of  dv/dx,  the  slope  of  the  total  pressure  curve.  They 
may  thus  be  regarded  as  an  attempt  at  a  quantitative  formulation  of  the 
Konowalow  theory  of  distillation. 

In  the  rare  cases  in  which  the  total  and  partial  pressure  curves  are 
straight  lines,  our  theory  becomes  essentially  identical  with  the  Brown- 
Young  theory  of  distillation.  Since  dw/dx  is  then  constant  (=  Pi  —  Pi), 
our  Equation  B  turns  into  the  Brown  formula: 

dln£      Pi  ,     ^ 

^^=-p,  =  constant, 

and  the  integrals  in  (C)  and  (D)  assume  the  values: 
and 


Vo         Uo(l— ^)- 


)J 

It  is  easy  to  read  into  these  last  equations  that  if  the  total  pressure  line 
were  parallel  to  the  x  axis,  so  that  Pi  =  Pa,  then  no  matter  what  weight 
were  distilled  off  from  the  original  mixture,  the  composition  would  remain 
unaltered:  x/{i  —  x)  —  i»Po/(i  —  Xo),  as  must  of  course  be  the  case. 
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The  theory,  in  the  form  of  Equations  C  and  D,  has  been  tested  out  here 
by  direct  experiment.  It  would,  however,  be  superfluous  to  publish  the 
results,  seeing  that  the  theory  is  based  on  no  other  principles  than  those 
involved  in  Equation  A,  and  that  the  validity  of  the  latter  is,  sufficiently 
indicated  by  the  cases  discussed  in  the  preceding  section. 

In  conclusion,  we  will  mention  that  the  above  is  one  of  a  series  of  studies 
(mostly  experimental)  that  have  been  made  possible  by  a  grant  from  the 
Rumford  Fund  of  the  American  Academy  of  Arts  and  Sciences.  It  is  a 
pleasure  to  again  express  our  thanks  to  the  Rumford  Committee  for  their 
generous  interest  in  this  work. 

WORC88T8K.  Mass. 
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Introduction. 

In  a  previous  paper  by  one  of  us,^  the  term  passivity  was  defined  as 
properly  applying  to  an  element  when  it  "shows  abnormal  electrochemical 
relations,  and  a  chemical  inactivity  not  corresponding  to  its  ordinary 
behavior  and  not  in  accord  with  its  position  in  the  electromotive  series 
of  the  elements."  These  characteristics  are  exhibited  by  a  number  of 
elements  under  a  variety  of  circumstances  and  to  varying  degrees,  but 
the  passivity  of  iron  has  been  most  carefully  studied  and  the  present  paper 
is  limited  to  a  study  of  one  phase  of  its  behavior.  Iron  becomes  passive 
when  immersed  in  certain  electrolytes,  which  are  always  oxygen  com- 
pounds. It  also  becomes  passive  under  certain  conditions  when  used  as 
an  anode.  In  this  case  also,  the  electrolyte  is  almost  always  an  oxygen 
compound  in  solution  in  water.  The  most  apparent  evidences  of  transi- 
tion from  the  active  to  passive  condition  of  iron,  as  an  anode,  are:  the 
metal  no  longer  dissolves,  its  stuiace  brightens,  oxygen  is  evolved  from  its 
stuiace  and,  coincident  with  these  changes,  an  ammeter,  in  series  in  the 
circuit,  shows  a  sudden  drop  in  the  ciurent.  Considerable  work  has  been 
done  in  this  laboratory  on  this  behavior  and  the  conclusion  reached,*  that 
the  following  factors  influence  the  establishment  of  the  passive  state  in 
iron  used  as  an  anode:  (a)  the  character  and  condition  of  the  metal;  (b) 
the  electroljrte  employed;  (c)  the  temperature;  (d)  the  curent  density; 
(e)  the  duration  of  passage  of  the  ciurent;  and  (J)  the  character  of  move- 
ment of  the  electroljrte. 

In  the  hope  that  the  above  variables  represented  a  complete  catalogue, 

it  was  thought  that  light  could  be  thrown  upon  the  subject  by  a  study  of 

the  behavior  of  an  anode  when  two  of  the  factors  were  allowed  to  vary  mutually 

while  all  others  were  held  constant.    Below,  is  given,  briefly,  the  experi- 

*  Tras  Journal,  30,  1718  (1908). 

« Ibid.,  35,  759  (1913). 
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mental  method  employed  and  results  obtained  when  the  attempt  was 
made  to  determine  the  relation  between  the  ciurent  density  and  the  time 
required  to  induce  passivity. 

Experimental. 

The  arrangement  of  the  apparatus  is  shown  in  Fig.  i.  The  electrolyte 
used  was  0.2  N  sulftuic  add  contained  in  a  small  glass  cell  immersed 
in  ice  water.  The  anode  was  a  piece  of  iron  wire  "for  standardization," 
diameter  0.720  mm.,  sealed  with  paraffin  into  a  glass  tube  so  that  a  length 
of  exactly  10  mm.  was  exposed.  The  cathode  was  a  platimmi  wire  sealed 
in  a  glass  tube.  The  electrodes  were  connected  in  series  with  six  storage 
batteries,  a  resistance  box,  a  Weston  miUiameter  and  a  key. 

The  external  resistance  is  first  adjusted  so  that  a  current  of  the  re- 
quired density  will  flow  through  the  circuit,  and  the  time  required  to  con- 
vert an  active  anode  to  the  passive  condition  is  determined  by  a  stop- 
watch, the  time  recorded  being  the  interval  between  the  closing  of  the 


rrM 


Fig.  I. 

key  and  the  appearance  of  the  phenomena  above  described.  If  the  current 
be  not  too  small,  the  time  required  is  fairly  small  and,  therefore,  iron  is 
dissolved  to  an  extent  insufficient  to  materially  affect  the  diameter  of 
•the  wire.  It  was,  therefore,  possible  to  make  a  series  of  determinations 
on  one  section  of  wire.  In  order  that  these  should  be  comparable,  the 
circuit  was  broken  as  soon  as  the  iron  became  passive  and  allowed  to  re- 
main open  30  seconds  before  closing  the  circuit  for  the  next  determination. 
This  interval  is  quite  sufficient  for,  in  0.2  N  sulfiuic  acid,  iron  rendered 
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passive  as  an  anode  almost  instantly  becomes  active  when  the  current  is 

stopped.    The  character  of  the  results  is  shown  in  Table  I. 

Tabus  I. 

0.2  N  HtS04;  temperature,  o*;  lo  mm.  wire  exposed. 

MUliamperes  Time  in  seconds  to  Diameter  of 

current.  passivify  the  iron.  the  wire. 

3d 12  0.709 

30 22  0.707 

30 24  0.705 

30 26  0.703 

30 25  0.797 

30 28  0.695 

30 28  0.693 

30 30  0.687 

30 29  0.685 

30 29  0.680 

30 38  0.675 

30 31  0.670 

Disregarding  the  first  determination,  there  is  a  range  of  difiFerence 
from  the  mean  time  of  28  seconds  which  is  not  to  be  accounted  for  by  the 
small  variation  of  current  density  due  to  change  in  the  surface  of  the  wire 
exposed.  A  large  number  of  similar  determinations  were  made,  using 
ciurent  densities  ranging  from  15  to  80  milliamperes  with  a  corresponding 
time  required  to  passivify  the  iron  varying  from  21  minutes  to  3  seconds. 
All  experiments  showed  a  similar  lack  of  agreement  between  individual 

measurements.  Sets  of  determinations  were  also 
made  at  18^  and  at  25^  using  the  cell  in  a 
thermostat.  These  gave  even  less  satisfactory 
results,  due,  in  part,  to  the  greater  loss  of  iron 
while  rendering  the  anode  passive,  greater  current 
densities  being  needed  at  higher  temperatures. 
These  somewhat  extended  experiments  failed 
to  show  the  desired  uniformity  of  relation 
between  two  variables  and  the  suspicion  that 
all  the  factors  influencing  the  passive  condition 
were  not  yet  at  hand  grew  more  pronounced. 

During  the  progress  of  the  work  it  was  noted 

that   minute   bubbles   of   oxygen  occasionally 

adhered  to  the  stuiace  of  the  iron  even  after  it 

became  wholly  active  and  that  in  such  cases  the 

p.  metal  became  passive  more  readily.    Jarring  the. 

electrode,   or  stirring  the  electrolyte,  partially 

obviated  this  diflSculty,    but  when  minute  bubbles  were   allowed   to 

persist,  the  results  still  varied  widely.      This  suggested  that  dissolved 

oxygen  in  the  neighborhood  of  the  electrode  might  be  a  factor  in  our 

problem. 
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To  test  the  question  an  apparatus,  Fig.  2,  was  so  arranged  that  the  iron 
anode  could  be  held  dose  beneath  an  atmosphere  of  oxygen  which  was  kept 
at  constant  pressure  in  the  thistle  tube.  By  rotating  tube  bearing  the 
anode,  it  could  be  readily  removed  somewhat  distant  from  this  concen- 
tration of  oxygen.  The  results  obtained  (Table  II)  indicate  clearly  that 
iron  is  much  more  readily  made  passive  near  the  oxygen  surface.  When 
hydrogen  gas  or  nitrogen  was  substituted  for  oxygen  no  such  effect  was 
produced. 

Tablb  II. 
N/s  H1SO4;  room  temperature;  5  mm.  iron  wire  exposed. 

Time  in 

sec  for 
30  m.  amps, 
to  passiYiiy. 

.  .      ID 

. .      II 

..      16 


No. 
I. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 
10. 
II. 
12. 


DIam. 
of  wire 
in  mm. 


Relation 
of  iron 

to  oxygen 
bubbles. 


Time  in 
sec  for 

30  m.  amps. 

to  passivuy. 

...  37 

...  17 

...  23 

...  24 

...  45 

...  19 

...  47 

. ..  25 

...  63 

. ..  30 


Diam. 
of  wire 
in  mm. 


Relation 

of  iron 

to  oxygen 

bubbles. 


0.700 
0.700 
0.700 
0.697 
0.693 
0.693 
0.692 
0.688 
0.688 
0.680 


Not  mider 

Under 

Under 

Under 

Not  mider 

Under 

Not  under 

Under 

Not  under 

Under 


No. 
0.710        Under  13.. 

0.709        Under  14., 

0.708        Under  15., 

17  0.708        Under  16.. 

13  0.708        Under  17.. 

13  0.707        Under  18.. 

27  0.706        Not  under      19.. 

26  0.706        Not  under      20., 

15  0.705        Under  21.. 

22  0.705        Under  22.. 

22  0.704        Under 

20  0.702        Under 

Nos.  3-^  show  an  average  a  little  above  15  seconds. 
Nos.  7  and  8  not  under  the  oxygen  required  about  twice  the  time. 
No.  9  under  the  oxygen,  goes  down  to  15  seconds  again. 

After  No.  9,  the  iron  was  removed  from  the  electrolyte,  washed  and  dried  and  the 
experiment  discontinued  for  about  20-25  minutes  and  after  this  more  time  was  required 
to  render  the  iron  passive  but  in  general  the  time  required  under  the  oxygen  was  about 
half  that  required  when  not  directly  under  the  bubble  of  oxygen. 

The  effect  of  higher  concentrations  of  oxygen  was  next  investigated 
with  the  apparatus  arranged  as  in  Figs.  3  and  4.  A  tank  of  oxygen  was 
connected  to  a  manometer  and  thence  to  the  cell,  which  was  closed  by  a 
rubber  stopper  held  in  place  by  a  pressure  damp.  The  anode  and  cathode 
were  arranged  as  before,  except  that  the  anode  was  held  in  place  by 
Khotenski's  wax  and  then  coated  with  paraffin.  A  length  of  5  mm.  was 
exposed.  The  electrical  connections  were  as  before.  The  cell  was  placed 
in  an  ice  bath  not  shown  in  the  cut.  All  factors  known  to  influence  passivity 
were  thus  held  constsmt  except  the  concentration  of  the  oxygen  above, 
and  consequently  in,  the  solution.  After  a  desired  oxygen  pressure  had 
been  established  and  sufficient  time  to  secure  sattu'ation  had  elapsed, 
the  cell  was  shaken  with  a  circular  motion  to  insure  freedom  from  anode 
bubbles.  After  30  seconds  the  circuit  was  closed  and  the  time  rcqiured 
for  a  current  of  15  miUiamperes  to  passivity  the  iron  was  measured.  The 
circuit  was  then  opened  and  measurements  repeated.    Table  III  shows 
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Time  in 
•econda  to 
pMsivify 
No.  the  iron. 

I ? 

2 40 

3 45 

4 45 

5 45 

6 20 

7 31 

8 22 

9 20 

10 20 

II 12 

12 II 

13 12 

14 loVi 

15 II 

16 II 

17 II 


0.2  N  sulfuric  acid. 

mm.     Final  diameter  0.680  mm.     15  ma.  current  employed  while  rendering  iron 
passive. 

such  a  series  for  pressures  of  oxygen  ranging  from  3  lbs.  per  sq.  in.  to  81 

lbs.  with  one  secticHi  of 
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Tabi«e  III. 

Oxygen  presrare 

in  pounds 
per  tqnare  inch.                     No. 

Time  in 

■econds  to 

IMMivify 

the  iron. 

per  ■qoarc  inch. 

air  that  is  oxygen. 

3  pounds                         18 

7 

19... 

..        6V1 

20 

7 

57.4  pounds 

21.... 

..        6V1 

22 

7 

23.... 

5 

24.... 
15  pounds                        25 

6 
5 

65.88  pounds 

26.... 

•       5 

27.... 

.•       4 

28.... 

..       4Vi 

29.... 

..       5 

y     81.34  pounds 

30. . . . 

..       4 

51  pounds                       31 

4        J 

32.... 

..     34 

Here    fresh    dectro- 

33.... 

..     45 

^      lyte      substituted. 

34.... 

•     45 

Saturated  with  air, 
t.    e.,    oxygen.    3 
pounds 

icid.    5  mm.  length  of  iron  wire 

exposed. 

Initial  diameter  0.710 

To  PtTssure  Gage 


m 


.  7b  Oxi/gen 
Pressure  Tank 


■^ 


Switch 


J=L,  Cell 


Enable    Resistance 
Fig.  3. 
whole   series   of  34   determinations. 


When 


wire.  The  values  so 
obtained  represent  a 
very  satisfactory  con- 
stancy and  are  typical 
of  a  large  number  of 
series  which  are  not 
detailed. 

It  will  be  observed 
that  loss  of  surface  area, 
due  to  solution  of  the 
iron,  is  not  a  seriously 
disturbing  factor  since 
the  decrease  of  diam- 
eter of  the  iron  in  sucr 
cesive  determinations  is 
about  0.0009  mm.,  and 
only  0.03  mm.  in  the 
oi^gen   pressor^   of   q.^ 
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atmosphere,  secured  by  air  pressure  were  used  no  such  uniform  agree- 
ment in  time,  required  to  render  iron  passive,  could  be  obtained.  This 
accotmts  to  us  fully  for  our  long-continued  failure  to  secure  quantitative 
results   under   atmospheric    pressures.  -^  Oxug&n 

When  0.2  N  nitric  add  was  used  as  Prwswr^  link 

the  electrolyte,  other  conditions  being 
otherwise  the  same  as  those  above 
detailed,  the  results  were  different; 
the  iron  becomes  active  much  less 
readily  in  nitric  add.  It  was  finally 
found  necessary  to  remove  the  iron 
after  each  determination,  wash  with 
0.2  N  sulfuric  add  and  with  water 
before  a  satisfactory  repetition  could  be 
obtained.  With  nitric  add  also,  the 
factor  of  continued  passage  of  the  cur- 
rent is  less  marked  in  its  effect  than 
with  sulfuric  add,  and  a  critical  density 
is  more  apparent.  Bdow  this  critical 
density,  even  long-continued  passage  of 
the  current  only  infrequently  produced 
passivity.     If  the  current   density   is  ^*^-  ^' 

suffidently  great,  passivity  is  established  practically  instantly.  For  0.2  N 
nitric  add  solution  at  atmospheric  pressure,  i.  e.,  about  3  lbs.  per  sq.  in.  of 
oxygen  pressture,  the  critical  current  was  found  to  be  20  milliamperes. 
At  56  lbs.  oxygen  pressure,  the  critical  current  was  13  milliamperes. 
It  will  be  observed  that  increase  of  oxygen  pressure  here  lowers  the 
current  density  required  to  render  the  iron  passive. 

In  o.oi  N  hydrochloric  add  with  53  lbs.  oxygen  pressure,  oxygen  was 
evolved  f redy  and  the  other  phenomena  of  passivity  appeared  when  the 
current  density  was  relativdy  high.  When  the  other  conditions,  except 
the  pressure  of  gas  imposed,  were  similar,  there  was  only  a  very  sUght 
evolution  of  gas  at  the  anode.  With  0.02  N  hydrochloric  add  less  oxygen 
was  evolved,  and  with  0.05  N  and  0.1  N  solutions  no  indications  of  passivity 
either  with  or  without  oxygen  pressure,  could  be  observed.  It  appears 
that  with  a  suffident  dilution  of  chlorine  ions  the  passive  state  can  be 
induced  in  halogen  solutions:  a  fact  not  heretofore  demonstrated. 
Summary  and  Conclusions. 

Prom  the  foregoing  results  it  appears  that  to  the  six  factors,  mentioned 
in  the  introduction,  which  condition  the  passive  state  is  to  be  added  a 
seventh:  The  concentration  of  dissolved  oxygen  about  the  anode.  In- 
deed, this  is  apparently  the  determining  factor.  When  all  these  factors 
are  taken  into  accotmt,  constant  results  are  obtainable  with  respect  to 
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time  required  to  render  iron  passive  with  a  given  current  in  sulfuric  add 
and  in  nitric  acid  a  critical  current  density  is  determinable. 

In  a  previous  paper  by  one  of  us^  it  was  stated  that  of  the  various  theories 
concerning  passivity  none  were  satisfactory  and  that  the  writer  had  none 
to  offer.  It  is  desired  here  to  formulate  the  ideas  which  have  been  de- 
veloped by  several  years  more  or  less  of  continuous  investigation  of  the 
problem. 

It  would  appear  that  of  the  various  views  offered  several  are  correct 
so  far  as  they  go  and  for  that  reason  were  to  a  certain  extent  justified. 
The  most  satisfactory  explanation  of  passivity  is  that  furnished  by  Faraday 
— not  the  so-called  Faraday  explanation  as  perverted  by  Beetz  and 
Wiedeman,  but  rather  his  statement  that  the  state  is  one  of  a  "very 
delicate  equilibritun"  between  oxygen  and  iron.  According  to  Le  Blanc* 
iron  has  a  limited  rate  of  ionization  at  a  given  temperature.  This  may  be 
taken  as  at  least  a  reasonable  h3rpothesis.  If,  now,  a  cmrent  is  tending 
to  leave  an  anode  at  a  rate  which  requires  solution  of  the  metal,  in  accord- 
ance with  Faraday's  law,  at  a  rate  greater  than  the  anode  can  ionize, 
then  either  the  current  pressure  must  increase  the  rate  of  ionization,  anions 
must  separate  on  the  anode,  or  the  current  is  retarded.  If  the  anion  is 
liberated  and  is  of  a  t3rpe  which  when  liberated  covers  the  anode,  one  of 
two  things  occurs :  ist,  When  the  anodic  covering  is  highly  non-conducting 
material,  the  current  is  cut  off  and  the  anodic  deposition  slows  up  or  ceases. 
This  is  the  t3rpe  furnished  by  the  reactions  with  cyanides,  oxalates,  etc. 
2nd,  In  the  case  of  compotmds  which  readily  liberate  oxygen  tmder  anodic 
conditions,  deposition  of  the  gas  on  the  surface  takes  place.  When  such 
deposition  begins  in  effect,  the  stuf  ace  of  anode  exposed  is  lessened  and  the 
rate  of  deposition  is  consequently  increased.  This  explains  the  "spread 
of  passivity"  over  an  iron  anode,  which  is  a  visible  phenomenon.  The 
anode  being  covered  by  a  film  of  oxygen  is  no  longer  an  iron  anode  but 
a  gas  electrode.  The  single  potential  measurements  recorded  by  Schoch 
and  others,'  are  then  simply  measurements  of  the  potential  of  oxygen 
electrodes  and  have  no  relation  whatever  to  the  potential  of  iron  itself. 

It  appears  that  oxygen  is  occluded  by  the  iron.  This  conclusion  is  reached 
not  alone  from  the  fact  that  single  potential  measurements  of  ironandnickel, 
etc.,  when  passive,  are  different  but  because  maximum  potentials  are  so 
reached.  Also  from  an  uncompleted  investigation  in  this  laboratory 
it  appears  that  increase  of  oxygen  pressure  does  not,  at  least  at  small 
pressures,  increase  the  anodic  potential  shown  by  iron  anodes. 

The  appearance  of  the  passive  condition  on  metals  when  they  are  simply 
immersed  in  electrolytes,  as  iron  immersed  in  concentrated  nitric  acid, 
*  Loc,  cit. 

'  Z.  Elekirochem.,  ix,  9  (1905). 
»  fl.  T.  M.  Wilsmore,  Z.  physik.  Chem.,  35,  291-332  (1900). 
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chromate  solutions,  etc.,  is  to  be  accounted  for  by  the  presence  of  pure 
oxygen  in  these  solutions.  That  such  is  the  case  is  scarcely  to  be  questioned 
if  the  principles  of  equilibrium  reactions  are  taken  into  account.  In  the 
experimental  portion  of  this  paper  it  is  shown  that  iron  as  an  anode  may 
be  rendered  passive  in  highly  dilute  hydrochloric  acid.  This  is  as  it  should 
be,  when  it  is  recalled  that  in  the  electrolysis  of  h3^ochloric  add  the  pro- 
portion of  oxygen  liberated  at  the  anode  increases  with  dilution. 

While  the  facts  shown  by  Muthman,  Heathcote  and  others,  with  re- 
spect to  air  or  in  a  vacuum,  argue  strongly  against  the  existence  of  an  oxide 
fflm,  they  are  to  be  expected  if  occluded  ox3rgen  is  the  real  passive  anode. . 
It  is,  perhaps,  not  desirable  to  enter  further  upon  a  discussion  designed 
to  show  how  completely  the  facts  accord  with  the  view  just  presented, 
but  we  will  content  oturselves  with  a  brief  and  dear  restatement. 

We  consider  passivity,  not  associated  with  a  visible  film,  to  be  due  to 
the  rate  of  ionization  of  certain  metals,  being  insuffident  to  carry  currents 
of  greater  than  certain  densities.  When  such  current  density  is  exceeded, 
oxygen  dectrodes,  consisting  of  ocduded  oxygen,  are  formed  in  oxygen 
electroljrtes.  Non-anodic  passivity  is  likewise  due  to  ocdusion  of  oxygen 
and  consequent  protection  of  the  metal  from  attack. 

UNXYSKsm  09  Washington. 


LEAKAGE  PREVENTION  BY  SHIELDING,  ESPECIALLY  IN 
POTENTIOMETER  SYSTEMS. 

Bt  WALTsm  p.  Whits. 
Received  July  20.  1914. 

This  paper  describes  methods  of  making  insulation  more  efifective  in 
electrical  measuring  systems  by  diminishing  the  influence  of  disturbing 
electromotive  forces,  both  external  and  internal. 

These  methods,  whose  principles  were  known  for  at  least  ten  years  be- 
fore their  application  to  the  potentiometer,  are  no  more  needed  by  the 
potentiometer  than  by  other  instruments  of  equal  delicacy,  but  are  ex- 
ceptionally effective  with  it.  They  are  not  needed  where  insulation  is 
quite  adequate,  as  it  usually  is  in  dry  weather,  and  an  enormous  amount 
of  excellent  work  has  certainly  been  accomplished  without  them,  so  that 
they  are  sometimes  regarded,  on  first  acquaintance,  as  an  unnecessary 
complication.  But  in  damp  weather  they  have  often  proved  both  indis- 
pensable and  very  efficient,  3ddding  results  of  the  highest  precision  un- 
der conditions  that  would  have  been  nearly  hopeless  without  their  aid; 
while  as  to  complication,  the  arrangements,  once  installed,  require  no  at- 
tention whatever,  and  the  time  of  installation,  an  hour  or  two,  is  less  than 
may  be  required  to  even  locate  one  of  the  leakages  that  might  occur 
through  their  absence. 

The  general  prindple  of  the  methods  appears  most  simply  in  the  pfift;^ 
vention  of  external  leakage,  that  is,  of  disturbances  due  to  stray  curr 
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from  heat,  light,  or  power  circuits,  etc.  Suppose,  for  instance,  that  as  a  re- 
sult of  leakage  from  i  lo  volt  circuits  the  top  of  the  table  on  which  a  thermo- 
element is  situated  is  at  a  potential  60  volts  different  from  a  neighbor- 
ing table,  where  stands  the  corresponding  potentiometer  (Fig.  2a).  If 
insulation  is  at  all  defective  a  current  will  flow  from  one  table  to  the  other 
throu^  the  meastuing  system,  and  some  of  this  will  traverse  the  gal- 
vanometer, causing  a  false  deflection.  And  since  the  maximum  electro- 
motive force  of  a  thermoelement  rarely  exceeds  0.02  volt,  the  current  due 
to  60  volts,  even  if  very  feeble  for  such  an  electromotive  force,  might  be 
,  rather  large  compared  to  the  thermoelement  current.  An  insulation 
resistance  of  5,000,000,000  ohms  would  usually  be  needed  to  prevent  it 
from  causing  an  error  of  i  microvolt  in  the  absence  of  some  such  arrange- 
ment as  that  to  be  described. 
If  Pig.  I  represents,  in  simplified  fashion,  the  measuring  system,  and  the 

leakage  current  enters  and  leaves  by 
the  two  points  A  and  B,  the  leakage 
deflection  can  be  reduced  in  three 
ways:^ 

(a)  By  improving  the  insulation.     It 

is,  of  coiu-se,  only  where  this  cannot  be 

n  done  sufficiently  that  other  methods 

" ! j ^   are  necessary. 

I  I  (b)  By  diminishing  the   resistance 

'  *  A  C  B,  so  as  to  shimt  the  leakage 

Fig.  I. — Circuit  diagram.  .  ^        xt-         t  x 

cturent  away  from  the  galvanometer. 

(c)  By  diminishing  the  external  voltage  between  A  and  B. 

The  last  can  be  accomplished  by  means  of  an  equipotetUial  shield.  In 
the  present  instance  this  shield  might  be  two  sheets  of  tin  plate,  one  cov- 
ering each  table,  with  a  wire  making  connection  between  the  two.  The 
apparatus  remains  insulated  from  the  plates,  just  as  it  was  before  from 
the  tables.  The  essentials  of  the  arrangement  are  shown  in  Fig.  2,  which 
shows  a  measuring  system  first  unshielded  and  then  shielded.  The  leak- 
age cturent  from  the  exterior  voltage  cannot  now  reach  the  points  A  and 
B  without  first  encountering  the  shield,  and,  since  the  shield  is  a  very  good 
conductor,  the  cturent  will  pass  along  it,  but  without  producing  in  it  any 
appreciable  difference  of  potential.  The  shield  therefore  is  an  equipoten- 
tied  body,  and  the  voltage  available  for  producing  a  current  between  A 
and  B  has  been  reduced  from  60  volts  to  a  very  small  and  quite  negligible 
fraction  of  a  volt.  There  is  in  this  case  no  change  in  the  resistance  A  B, 
and  none  is  needed.    The  protection  is  practically  absolute. 

In  general,  the  necessary  and  sufficient  condition  of  this  absolute  pro- 

^  A  discussion  of  these  methods  will  be  found  in  "  Potentiometer  Installation 
Especially  for  High  Temperature  and  Thermo^ectric  Work/*  Phys,  Rev.,  35, 340  (1907). 
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tection  is  that  the  shield  should  interpose  itself  between  the  measuring 
system  and  the  environment  at  every  point  where  leakage  can  occur. 
Leakage  ordinarily  does  not  occiu*  through  the  air,  hence  protection  is 
needed  only  where  solid  bodies  are  in  contact  with  the  system,  but  in  very 
hot  furnaces,  where  the  ionized  air  conducts,  a  practically  complete 
boxing  in  is  necessary  for  perfect  protection.  Of  course  electric  lights, 
motors,  etc.,  which  piay  be  on  either  of  the  tables  of  our  illustrative  case, 
must  be  shielded  off,  but  this  does  not  mean  that  the  shield  must  be  bent 
up  so  as  actually  to  come  between  the  light  or  motor  and  the  potentiom- 
eter. It  will  do  its  work  quite  as  well  if  the  motors,  etc.,  merely  stand 
on  it.    As  long  as  the  current  cannot  reach  the  measuring  system  with^ 


(« 
Pig.  2. — Diagram  of  possible  leakage  paths  in  (a)  tinshielded,  (6)  shielded,  system  of 

apparatus. 

out  being  conducted  by  the  shield  (whether  through  or  along  it  makes  no 
difference)  the  protection  is  complete.^  This  of  course  involves  that  the 
motors,  etc.,  must  not  touch  anything  which  also  touches  the  meastuing 
system,  except  the  shield.  For  instance,  if  each  is  insulated  from  the  shield 
by  linoletmi,  the  linoleum  tmder  the  potentiometer  must  be  a  different 
piece  from  the  other,  otherwise  a  current  might  leak  along  the  stuface 
of  the  linoleum  from  motor  to  potentiometer,  outflanking  the  shield.  In 
most  cases  no  trouble  would  result  in  this  particular  way,  but  this  would 
be  due  to  the  insulating  power  of  the  linoleum,  not  to  the  shield,  and  the 
^  This  necessity  may  perhaps  be  satisfactorily  expressed  by  saying  that  the  inter- 
pontkm  must  be  elecHcal  but  not  necessarily  geametrkal. 
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protection  would  not  be  so  certain  as  with  the  insulating  material  in  two 
separate  pieces. 

It  may  be  supposed  that  the  shield  would  be  more  effective  if  "earthed" 
by  connecting  (say)  to  a  gas  or  water  pipe,  as  in  electrostatic  experiments, 
but  this  use  of  the  electrostatic  analogy  is  quite  misleading.  In  electro- 
static work  the  lines  of  force  are  often  important,  and  these  may  run  to 
the  walls  of  the  room.  These  walls  are  really  "  the  earth  "  for  experiments 
within  that  room,  and  are  often  convenientiy  reached  through  a  connec- 
tion to  the  iron  pipes.  With  the  potentiometer  system,  on  the  other 
hand,  all  efifects  through  or  in  the  air  are  (ordinarily)  quite  negligible; 
the  shield  arranged  as  above  described  is,  with  the  air,  an  absolutely  com- 
plete enclosure  as  far  as  concerns  the  only  thing — ^leakage  currents — 
whose  effect  is  to  be  prevented;  the  connecting  of  pipes  or  any  other  ex- 
ternal thing  to  this  shield  cannot  possibly  be  of  any  advantage  electrically 
and  may  prove  a  harmful  complication,  introducing  another  source  of 
leakage  cinrents.  Mechanically,  a  pipe  system  may  sometimes  prove  con- 
venient as  part  of  the  shield,  and  may  then  perhaps  be  justified  in  spite 
of  its  electrical  disadvantages. 

Failure  is  practically  impossible  with  a  properly  arranged  shield.  A 
proper  arrangement  is  more  certain  and  permanent  if  the  plan  is  simple, 
and  the  connecting  wires  well  soldered,  and  stout  enough  to  be  secure 
from  accidental  rupture.^  Of  course  those  using  the  shielded  apparatus 
should  understand  that  the  connecting  of  lighting  circuits,  etc.,  to  any- 
thing inside  the  shield  gives  a  chance  for  leakage  trouble,  and  ought  not  to 
be  done  without  first  insuring  that  no  detrimental  leakage  will  result 
therefrom  in  that  particular  case.  In  the  Geophjr^ical  Laboratory  the 
tables  have  metal  legs;  connecting  these  legs  into  the  shield  shields  the 
table  top  and  ever3rthing  on  it.  Wooden  tables  have  been  shielded 
by  putting,  between  the  legs  and  the  floor,  metal  plates,  connected  to  each 
other  and  to  the  rest  of  the  shield  by  stout  and  stoutiy  fastened  wires, 
running  down  the  table  legs.  The  connecting  cables  are  suspended  from 
overhead  wires;  connecting  these  wires  into  the  shield  shields  the  cables. 
Other  apparatus  is  shielded  by  putting  it  on  metal  plates  which  are  con- 
nected into  the  shield,  sometimes  by  suspending  it  from  wires  similarly 
connected  or — ^in  the  furnaces — ^by  a  more  or  less  complete  enclosure. 
Shielding  during  Energy  Measurements. 

There  are  two  cases  where  the  simple  and  complete  form  of  shield  just 
described  must  or  may  be  modified.  One  is  where  the  high  voltage  cir- 
cuit must  be  brought  within  the  shield  in  order  that  the  potentiometer 

^  It  will  generally  be  worth  while  to  arrange  the  shield  so  that  all  its  parts  are  elec- 
trically in  series,  and  so  that  connection  can  readily  be  made  to  the  two  ends  of  the  line. 
The  integrity  of  the  whole  shield  can  then  be  easily  tested  by  seeing  if  a  current  readily 
passes  through  it. 
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may  be  used  to  make  measm-ements  upon  it.  Here  the  measuring  system 
is  kept  at  a  definite  potential  by  the  connection  with  the  power  circuit, 
and  so  is  not  free  to  come  to  the  potential  of  the  shield.  It  is  therefore 
necessary^  to  bring  the  shield  to  the  potential  of  the  measuring  system, 
which  is  accompli^ed  by  connecting  the  shield  directly  to  the  high  volt- 
age circuit  very  near  the  point  where  the  measuring  system  touches  it. 
Iliis  insures  that  the  potential  of  the  shield  shall  not  differ  much  from 
that  of  any  part  of  the  measuring  system,  which  is,  of  course,  the  essential 
condition  for  effective  shielding. 

One  other  condition  is  generally  necessary  in  this  case.  If  the  current 
through  the  measuring  coil  is  that  which  passes  through  a  heating  coil 
(the  commonest  application  in  calorimetry  of  this  sort  of  measurement), 
exactly  the  same  current  must  pass  both.  This  can  be  insured  by  con- 
necting the  shield  to  the  high  voltage  circuit  just  outside  the  measuring 
connection,  and  not  between  measur- 
ing coil  and  heating  coil,  that  is,  at 

H,  not  K,  in  Fig.  3.      Then  stray         '     ^  l      ^f=\ To  measuring 

currents  passmg  to  or  from  the  heat-  ^  i    \  (~  instruments. 


ing  circuit  by  way  of  the  shield  (such 
as  may  readily  exist,  and  of  relatively 
large  magnitude)  will  pass  around  both         

.-  .t      '£    4.1.  .         X      .1.  External  shield. 

the  coils   if  they  are  gomg  to  the  ^.  .... 

..        .        .     t         J  xt.         f-  t.  xt-  FiJf-  3- — ^Protective  connection  for  high 

negative  termmal,  and  through  both     ^^^^^^    ^^.^    ^.^  ^^    ^^.^^ 

if    to    the    positive.       The    current      correct  from  H,  wrong  from  K. 
through  the  heater,  therefore,  will  be 

correctly  measured  by  the  voltage  across  the  other  coil,  no  matter 
where  all  of  that  current  comes  from.  If  the  connection  is  to  the 
point  K,  between  the  two  coils,  the  same  sort  of  leakage  currents  will 
always  pass  through  one  and  arotmd  the  other.* 

Special  Arrangements  with  Electric  Furnaces. 

In  electric  fmnaces  ionization  gives  the  air  a  conductivity  which  increases  rather 
rapidly  from  1300*  up.  Shielding  from  the  heating  current  therefore  requires  a  con- 
ducting enclosure  which  must  be  practically  complete  in  the  furnace,  though  it  need 
not  be  strictly  air-tight.  Such  an  enclosure,  of  course,  must  usually  be  of  platinum, 
and  is  therefore  somewhat  expensive,  as  well  as  often  inconvenient.  While  it  is  neariy 
or  quite  essential  for  high  precision  (readings  to  i  microvolt  or  better),  it  can  well  be 
omitted  in  general.    In  that  case  its  place  inside  the  furnace  is  taken  by  a  loose  spiral 

1  Necessary,  that  is,  if  any  shielding  is  necessary.  It  is  always  true  that  where 
insulation  is  quite  effective  the  shield  is  not  needed,  but  the  shield  is  used,  and  the 
present  article  applies  in  all  cases  where  a  reliance  on  insulation  alone  is  impossible 
or  undesired. 

'  Leakage  to  K  from  the  other  terminal,  L,  of  the  heating  coil  will  evidently  pro- 
duce the  same  sort  of  error  as  a  connection  to  K.  It  can  be  prevented  by  putting  around 
L  an  arm  of  the  shield,  that  is,  a  small  shield  connected  to  the  main  shield.  Cf.  "A 
Test  of  Calorimetric  Accuracy,"  Phys.  Rev.,  31,  687  (1910). 
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of  wire,  which  gives  imperfect  protection;  but  the  effect  of  the  shield  may  be  supple- 
mented by  the  other  two  methods  of  controlling  leakage  mentioned  above,  namely, 
improvement  of  insulation,  and  shortening  of  the  shorter  leakage  path  in  the  circuit 
(A  B,  Fig.  i). 

The  length  of  this  shorter  path  is  sometimes  controlled  by  the  conditions  in  the 
furnace,  when  both  A  and  B  of  Pig.  i  lie  within  the  ionized  region.  Usually,  however, 
the  leakage  is  found  to  increase  in  damp  weather,  which  shows  that  one  of  the  points, 
say  B,  is  out  in  the  room,  since  of  course  the  dampest  weather  does  not  affect  the  inside 
of  a  furnace  heated  to  1300®.  If,  now,  a  point  on  the  thermoelement  just  outside  the 
furnace  is  connected  to  the  shield,  the  current  which  leaks  into  the  thermoelement 
inside  the  furnace  (that  is,  at  A)  will  run  to  the  shield  at  once  along  the  new  connec- 
tion, and  no  longer  go  on  to  the  former  point  B.  This  particular  arrangement  has 
sometimes  proved  useful,  but  generally  fails,  because,  though  it  shortens  A  B  of  Fig. 
I,  it  also  increases  the  leakage  current  by  providing  an  easier  path  for  it.  Two  modi- 
fications of  the  plan,  however,  are  valuable,  (a)  In  one  the  connection  to  the  shield 
T^  m*«Aiir;n<y  ruus  iuto  the  ftunace,  and  to  the  very 

jtmction  of  the  thermoelement'  (Fig.  4). 
Here,  though  the  leakage  path  is  good, 
the  distance  A  B  is  exceedingly  short; 
moreover  for  any  leak  from  A  to  B 
there  is  likely  to  be  a  nearly  equal 'leak 
from  A'  to  B,  whose  effect  on  the 
galvanometer  is  opposite.'  Experience 
has  shown  this  arrangement  to  work 
very  well,  (b)  The  second  modification 
of  the  short  connection  plan  gives  a 
short  path  A  B,  and  at  the  same  time 
decreases  the  amount  of  leakage.  It  is 
obtained  by  putting  an  internal  shield 
between  most  of  the  apparatus  and  the 
external  shield,  making  the  short  con- 
nection to  this  internal  shield,  and  then 
insulating  the  whole  arrangement.  The 
added  instdation  can  consist  of  a  few 
..  _  .  '  hard  rubber  blocks,  simple,  accessible. 

Fig.  4.-Fenner'smetiiod  of  shielding  melee-  ^^  ^^^y  ^^^^  ^^^  effective,  as   a 
trie  furnaces.  ^^^^  ^^  ^^^  regular  insulators  of  the 

apparatus.  The  total  leakage  will  thus  be  less.  At  the  same  time  what  there  is  will 
have  to  traverse  the  shield,  and  hence  will  take  the  full  metallic  path  to  the  shield. 
This  path  will  be  a  connection  to  one  of  the  thermoelement  leads,  or  to  the  negative  poten- 
tiometer terminal,  hence  the  path  A  B  will  be  short.  Of  course  the  internal  shield 
must  cover  all  the  points,  wherever  they  are,  at  which  leakage  from  the  measuring 
S3rstem  to  the  external  shield  may  take  place,  and  may  therefore  have  to  be  rather  ex- 
tensive. The  effectiveness  of  any  part  of  it  can  be  told  by  disconnecting  that  part, 
and  noting  the  restdting  effect  on  the  deflection  which  is  produced  by  connecting  a 
battery  cell  between  measuring  system  and  external  shield  at  the  furnace.     The  useful- 

*  An  arrangement  apparentiy  first  used  by  C.  N.  Fenner,  of  this  laboratory. 

'  Even  if  there  were  no  connection  to  the  shield  at  B,  the  leak  from  A  to  B  would 
still  be  balanced  at  the  galvanometer  by  one  from  A'  to  B.  This  is  probably  the  reason 
why  leaks  wholly  within  the  furnace  are  seldom  noticeable  in  ordinary  thermoelectric 
measurements. 
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ness  of  this  type  of  internal  shield  is  probably  limited  to  cases  where  an  electric  furnace 
is  used. 

Internal  Battery  Shield. 

For  thermoelectrical  work,  and  in  some  similar  cases,  not  specially  con- 
sidered here,  a  different  form  of  internal  shield  is  to  be  recommended, 
namely,  one  which  diminishes  leakages  due  to  the  potentiometer  battery 
(or  Wheatstone  Bridge  battery)  itself.  The  ability  to  gain  an  advantage 
through  this  tjrpe  of  shielding  arises  from  the  very  low  voltage  of  the  thermo- 
electric reading.  This  seldom  reaches  0.02  volt,  hence  the  potentiometer 
might  be  operated  by  a  battery  of  0.02  volt  electromotive  force,  which, 
as  far  as  leakage  alone  is  concerned,  would  be  more  advantageous  than  the 
present  custom.  By  shielding  against  most  of  the  battery  voltage  the 
leakage  can  be  made  no  greater  than  is  due  to  0.02  volt  or  less,  while  the 
other  advantages  of  an  ordinary  battery  are  retained.  Of  course  the 
leakage  with  an  tmshielded  2-volt  battery  will  be  considerably  less  than 
that  coming  from  the  fifty  volts  or  more  which  often  occurs  externally. 
Nevertheless,  the  battery  leakage  may  evidently  be  appreciable  if  the 
insulation  resistance  at  any  one  of  several  points  falls  much  below  100,- 
000,000  ohms;  and  the  battery  shield,  like  other  shields,  costs  very  little 
trouble  to  instal  and  none  to  maintain.  It  is,  therefore,  at  any  rate  a 
method  of  simplifying  matters  by  eliminating  absolutely  one  possible 
source  of  error. 

The  battery  shield  is  precisely  analogous  to 'the  external  shield  as  used 
in  power  measurements.  It  shields  the  whole  gavanometer  circuit  from 
the  rest  of  the  battery  circuit  and  it  is  kept  at  the  same  potential  as  the 
galvanometer  drctdt  by  a  connection  to  the  battery  circuit  near  the 
galvanometer  circuit.  It  therefore  mtist  effect  an  "electrical"  separation 
(in  the  sense  defined  in  the  second  foot-note  to  this  paper)  between  the 
galvanometer  circuit,  on  the  one  hand,  and  the  battery,  with  other 
associated  apparatus,  on  the  other.  A  metal  plate  under  the  battery 
and  associated  apparatus,  or  something  equivalent,  is  all  that  is  needed.^ 
The  plate  need  not  extend  under  the  rest  of  the  galvanometer  system. 
The  connection  from  circuit  to  shield  can  be  made  through  the  poten- 
tiometer (battery)  terminal  nearest  in  potential  to  those  potentiometer 
coils  which  may  he  in  the  galvanometer  circuit,  that  is,  through  the  ter- 
minal nearest  in  potential  to  the  zero  points  of  the  potentiometer  dials.* 

^  The  necessary  conditions  are  also  met,  in  the  case  of  the  battery,  if  that  is  sus- 
pended by  a  wire  connected  to  the  plate — a  very  convenient  arrangement  in  many 
cases.  Of  course  the  upper  end  of  the  wire  should  be  suitably  insulated  from  other 
apparatus. 

'  A  connection  made  to  a  point  between  the  galvanometer  circuit  coils  and  the 
coil  used  to  balance  the  standard  cell  causes  the  same  sort  of  error  as  a  connection  to 
K  in  Fig.  3.  In  general,  this  cannot  happen  if  the  connection  is  to  the  potentiom- 
eter terminal  nearest  the  zero,  but  it  may  occur,  if  not  guarded  against,  whenever 
the  standard  cell  coil  is  in  a  separate  box. 
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Since  the  battery  shield  is  connected  to  the  measuring  system  it  must 
be  insulated  from  the  external  shield,  unless  the  system  is  stu^  to  be  insu- 
lated from  the  external  shield  at  every  other  point. 

In  a  combination  potentiometer,  each  battery  circuit  should  be  shielded. 

Surface  Shielding. 

Further  extensions  of  the  battery  shield  are  often  desirable,  and  are 
made  easy  by  a  different  method  of  arranging  the  shield,  which  is  admissi- 
ble in  many  cases.  It  has  already  been  seen  that  wherever  insulation  is 
effective  shielding  is  unnecessary,  and  that  this  principle  is  applicable 
to  the  air,  which  (usually)  is  the  seat  of  no  leakage.  The  same  thing 
is  true  of  the  interior  of  blocks  of  hard  rubber,  porcelain,  etc.  All  the  leak- 
age that  goes  by  these  passes  over  their  stufaces.  With  them,  therefore, 
shielding  is  quite  complete  which  intercepts  all  the  surface  leakage,  and 
this  may  be  very  easily  and  effectually  done  by  simply  pasting  strips  of 
tinfoil  on  the  surface,  connecting  these,  if  necessary,  to  the  other  ^arts 
of  the  shield. 

The  Battery  Shield  and  the  Eliminating  Switch. 

In  making  the  adjustment  or  eliminating  parasitic  B.  M.  F.'s^  from  the 
galvanometer  circuit,  the  usual  treatment  of  the  battery  current  has  been 
either  simply  to  interrupt  it,  or,  with  potentiometers  of  lower  resistance, 
where  interruption  would  impair  the  constancy  of  the  voltage,  to  switch 
the  cturent  through  another  resistance  equal  to  the  potentiometer.  In 
either  case  there  will  sometimes  be,  between  different  parts  of  the  switch, 
potential  differences  equal  to  the  whole  battery  voltage.  It  will  then  be 
necessary,  if  the  insulation  cannot  be  thoroughly  relied  on,  first,  to  bring 
the  battery  shield  into  the  switch,  by  surface  shielding  or  otherwise,  in 
such  a  way  that  when  the  switch  is  open  the  two  or  three  terminals  with 
their  leads  shall  be  completely  shielded  from  each  other,  and  second  to 
put  the  switch  at  the  opposite  end  of  the  potentiometer  from  the  shield 
connection,  since  it  is  evident  that  a  shield  connected  at  the  same  end  can- 
not prevent  the  leakage  current  through  the  open  switch  from  traversing 
the  potentiometer. 

The  necessity  for  shielding  in  the  switch  is,  of  course,  avoided  by  the 

newer  arrangement  described  in  connection  with  Fig.  7  of  the  previous 

paper  on  potentiometers,*  where  the  negative  terminal  of  the  battery  is 

merely  shifted  from  the  negative  potentiometer  terminal  to  a  point  just 

beyond  the  galvanometer  circuit  coils  so  as  to  eliminate  these  coils,  and 

these  only,  from  the  battery  circuit.    All  parts  of  the  switch  then  remain 

at  nearly  the  same  potential.    The  substitute  resistance  is  also  usually 

avoided,  though  if  the  slight  change  of  current  due  to  the  side-tracking  of 

>  As  described  in  the  first  paper  of  this  series.  Sec.  5;  Tms  Jourkai;,  3d,  1859 

(1914). 

*  Tms  JouKNAL,  36, 1876  (19x4). 
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the  few  coila  should  make  the  battery  a  little  mconstant,  a  small  sub- 
stitute resistance  can  be  put  in  series  with  the  extra  terminal.  With  this 
arrangement  the  switch  must  come  between  the  potentiometer  terminal 
and  the  connection  to  the  shield,  for  in  that  way  only  is  the  necessary 
direct  connection  of  shield  to  battery  circuit  preserved.  Otherwise, 
when  the  intermediate  terminal  is  in  use  the  shield  is  connected  to  the 
battery  circuit  through  the  eliminated  coils,  which  are  therefore  traversed 
by  any  leakage  cturent  which  may  be  returning  by  way  of  the  shield. 
Leakage  on  the  Potentiometer  Top. 

A  hard  rubber  potentiometer  top,  if  not  carefully  shielded  from  light, 
may  easily  become,  in  the  course  of  a  few  years,  the  leakiest  part  of  the  meas- 
uring system.  This  trouble,  however,  can  usually  be  corrected  without 
difficulty,  (i)  In  low  range  potentiometers,  shielding  upon  the  potentiom- 
eter top  is  easy,  for  (a)  the  leakage  is  confined  to  the  external  stuface, 
so  that  tinfoil  strips  are  adequate,  and  (6)  the  positive  terminals  of  the 
potentiometer  and  of  the  standard  cell  coil  are  the  only  points  far  from 
the  negative  terminal  in  potential  and  therefore  the  only  points  to  be 
shielded. 

(2)  The  leaky  condition  of  the  hard  rubber  can  also  be  directly  removed 
by  warming  the  top  in  one  place  after  another  with  the  radiation  from  an 
incandescent  light,  and  then  applying  melted  paraffin.  This  cure  is  not 
permanent,  at  least  not  on  rubber  that  has  once  been  leaky;  such  a  treat- 
ment has  twice  needed  repetition  in  the  coiu-se  of  three  years.  The  opera- 
tion, however,  is  not  long  nor  difficult.  A  very  effective  control  of  leakage 
by  means  of  it  could  hardly  be  called  laborious. 

Good  results  in  leakage  prevention  are  also  reported  for  the  method 
of  occasionally  wiping  the  hard  rubber  surfaces  with  dilute  ammonia. 

In  case  a  new  instrument  is  to  be  set  up  it  might  often  be  well  to  cover 
it  with  a  light-proof  case,  through  the  top  of  which  pass  rods  for  opera- 
ting the  switches.  The  same  end  is  readily  attained  with  a  glass-topped 
potentiometer,^  by  simply  laying  a  black  doth  on  the  glass. 

Final  Considerations. 

In  the  thermoelectric  system  described  in  this  and  other  papers  of  the 
present  series,  leakage  has  proved  to  be — ^barring,  of  course,  accidents 
and  outright  mistakes — the  only  considerable  source  of  tmexpected 
errors.  The  methods  of  leakage  prevention  here  described,  therefore,  in- 
crease greatly  the  certainty  and  reUabihty  of  the  system,  and,  being  very 
simple  and  easy  to  instal,  are  to  be  recommended.  Such  of  them  as  have 
to  do  with  the  insulating  quality  of  surfaces  need,  of  course,  to  be  tested, 
but  the  tests  are  not  difficult  and  need  not  be  made  often.  Battery  and 
other  electrol3rtic  leakage  is  not  much  affected  by  the  position  of  the  poten- 

1  Walter  P.  White,  Instrumentenkunde,  34,  79  (1914)* 
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tiometer  switches;^  hence,  it  can  be  tested  for  by  connecting  the  external 
Une  directly  to  the  external  shield,  setting  the  switches  on  zero,  and  then 
noticing  if  any  change  of  deflection  occurs  on  connecting  or  disconnecting 
the  battery.  The  connection  to  the  external  shield  in  this  test  may  be 
omitted  if  it  is  certain  that  the  insulation  between  that  and  the  measur- 
ing system  will  be  as  good  in  later  work  as  it  is  at  the  time  of  the  test. 

The  effectiveness  of  the  external  shield  is  certain  if  the  shield  is  com- 
plete and  is  intact.  Furnace  leakage  through  an  incomplete  shield  can 
be  detected  by  reversing  the  furnace  current,  and  the  resulting  false 
deflection  (usually)  can  be  measured  by  interrupting  iL 

Summary. 

1 .  An  insulation  resistance  of  5,000  megohms  or  more  is  often  necessary  to 
prevent  serious  disturbance  of  thermoelectric  measuring  systems  from  stray 
portions  of  power  or  lighting  currents,  and  the  frequently  more  sensitive 
resistance  measuring  S3rstem  is  of  course  in  greater  danger  still.  All 
such  trouble  is  absolutely  prevented  by  an  equipotential  shield,  which  is 
merely  a  connected  system  of  metal  plates,  wires,  etc.,  which  interposes 
itself  at  every  point  of  solid  contact  between  the  measuring  system  and 
external  bodies.  This  shield  need  not  be,  and  preferably  should  not  be, 
"earthed." 

2.  Slight  modifications  of  this  shield  are  also  useful  in  electric  furnaces, 
in  measurements  upon  power  circuits,  and  within  the  potentiometer  cir- 
cuit itself. 

3.  These  arrangements  are  easy  to  instal;  most  of  them  require  no 
subsequent  attention,  and  all  are  easily  tested. 

Gbopbvsicai,  Labokatosy. 

Casmsoib  Institution  o»  Washxnotom. 

Washington.  D.  C. 


[Contribution  from  thb  Chbmical  Laboratory  op  the  University  of  California.] 
THE  VAPOR  PRESSURES  OF  SILVER,  GOLD  AND  BISMUTH 

AMALGAMS. 

By  Bkmon  Dwiobt  Basxkan  and  Josl  H.  Hii.osbrand. 
Received  August  10,  1914. 

The  measurements  presented  in  this  paper  on  the  vapor  pressing  of 
amalgams  of  silver,  gold  and  bismuth  are  a  continuation  of  an  extensive 
study,  planned  and  begun  by  one  of  us,  of  the  laws  of  concentrated  solu- 
tions from  the  standpoint  of  metallic  solutions.  Measurements  on  the 
vapor  pressures  of  zinc  amalgams  have  already  been  published,^  and 
measurements  by  others  of  the  electromotive  force  of  amalgam  concen- 

^  This  statement  is  here  intended  to  apply  only  to  the  case  of  thermoelectric 
work,  where  the  maximum  change  of  switch  setting  is  only  a  few  millivolts. 

•  Joel  H.  Hildebrand,  Orig.  Com.  8th  Internal.  Congr.  Appl.  Chem.,  32,  147;  Tram. 
Am.  Electrochem*  Sifc.,  aa,  319  (1912). 
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tration  cells  have  been  considered,^  along  with  the  vapor  pressure  measure- 
ments, in  the  light  of  Raoult's  law,  taking  accotmt,  following  Dolezalek,* 
of  chemical  changes  such  as  solvation  and  association.  For  the  progress 
of  the  work  up  to  this  point,  as  well  as  references  to  the  literature  on  the 
subject,  we  would  refer  the  reader  to  the  previous  papers. 

Experimental  Method. 
The  procedure  followed  has  been  essentially  that  used  in  the  measure- 
ments on  zinc  amalgams.  The  amalgams  whose  vapor  pressmies  were 
to  be  measured  were  confined  in  U  tubes  of  the  type  shown  in  Fig.  i,  in 
volumes  a  little  more  than  sufficient  to  fill  the  closed  limb  of  the  tubes. 
The  tubes  were  filled  by  introdudng  mercury  and  the  metal  in  the  desired 
proportions,  the  amalgamation  and  mixing  being  accomplished  by  the 
subsequent  heating  and  vigorous  agitation  of  boiling  out.  The  angles 
in  the  tubes  prevented  portions  of  amalgam  being  carried  over  by  the  vapor 
during  the  boiling  out.  For  the' 
oxidizable  bismuth  amalgams, 
tubes  like  that  of  Fig.  2  were 
used.  In  this  case  the  amalgams 
were  formed  by  heating  known 
weights  of  the  constituents  in  the 
arm  a,  in  an  atmosphere  of  hy- 
drogen. When  the  amalgams 
were  run  through  the  capillary  b, 
into  the  U,  all  dross  remained 
behind.  The  tubes  were  then 
sealed  off  at  b.  Hydrogen  being 
now  the  gas  in  the  tubes  and 
apparatus,  there  was  no  oxida- 
tion. 

When  filled,  the  tubes  were 
placed  in  the  thermostat,  con- 
nected to  a  mercury  manometer 
as  shown  in  Fig.  3,  and  boiled  out  imder  reduced  pressure  to  eUminate 
gas  in  the  closed  arms.  Pressure  in  the  open  arm,  sufficient  to  balance 
the  pressure  of  mercury  vapor  in  the  closed  arm,  as  indicated  by  the 
coincidence  of  the  levels  of  the  amalgam  menisci,  was  then  restored. 
After  allowing  time  for  thermal  balance  to  be  obtained,  finer  adjust- 
ments of  pressure  were  made  by  means  of  the  mercury  reservoir  shown, 
and  the  pressures  read  on  the  manometer.  The  relative  pressure  of 
solution  and  solvent  being  the  quantity  sought,  a  tube  containing  pure 

»  Orig.  Com.  8th  Internal.  Congr,  AppL  Chem.,  aa,  139;  Trans.  Am.  Electrochem. 
Soc.,  aa,  335  (19x2). 

•  Z.  physik.  Chem.,  64,  727  (1908);  71,  191  (1910). 
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mercury  was  connected  to  a  separate  manometer  of  the  same  t3rpe,  and 
observations  made  upon  it  immediately  following  and  tmder  the  same 
conditions  as  the  amalgam  determinations.  Prom  these  measurements, 
also,  the  temperature  was  given  by  the  careful  measurements  of  Smith 
and  Menzies^  on  the  vapor  pressures  of  mercury. 

The  thermostat  consisted  of  a  tall  beaker  resting  in  a  similar  beaker 
one  size  larger,  which  served  as  a  jacket.    Fused  sodium  and  potassium 


0 


/f*     /or  PittA 

/fenarj  TuS^s. 


Pig.  3. 

nitrate  mixture,  vigorously  stirred,  furnished  the  bath  for  the  tubes, 
heated  by  the  vapor  of  boiling  phenanthrene  in  the  outer  beaker.  The 
outer  beaker  was  protected  to  the  level  of  the  inner  bath  by  a  glass  cylinder 
cut  from  another  beaker.  The  exposed  portion  acted  as  a  condenser  for 
the  phenanthrene  vapors.  A  Mdker  burner  was  the  source  of  heat.  In 
starting  the  thermostat,  the  nitrates  were  fused  separately  and  poured 
into  the  inner  beaker,  which  was  already  heated  by  the  boiling  phenan- 
»  Tms  Journal,  3^1  '434  (19x0). 
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threne.  At  the  conclusion  of  a  run  both  the  nitrates  and  the  phenanthrene 
were  removed  from  the  beakers.  During  observations  the  top  of  the 
thermostat  was  covered  as  well  as  possible  with  strips  of  mica.  The  con- 
stancy of  temperature  attainable  may  be  seen  in  the  tables  of  results. 

Sources  of  Error. 

The  quantities  to  be  determined  were  the  relative  vapor  pressures  and 
the  atomic  fractions  of  the  amalgam  constituents  at  constant  temperatures. 

The  variation  of  relative  pressure  with  the  temperature  is  not  large. 
The  practically  simultaneous  determination  of  the  pressures  from  amalgam 
and  mercury,  therefore,  eliminate  the  observed  variations  in  the  tem- 
perature as  serious  sources  of  error,  provided  equilibrium  was  reached. 

The  error  due  to  impurities  in  the  materials  would  appear  in  the  estima- 
tion of  the  atomic  fraction.  The  mercury  used  was  carefully  purified 
by  washing  in  dilute  nitric  acid^  and  distilling  in  a  current  of  air.*  The 
gold  and  silver  were  also  pturified  in  the  laboratory  by  the  usual  methods. 
Kahlbaum's  bismuth  was  used.  Since  there  are  no  abnormally  large 
effects  due  to  traces  of  impurities,  the  error  from  this  source  was 
negligible.  There  were  slight  variations  from  the  values  of  the  con- 
centrations, as  had  from  the  weights  of  the  constituents,  on  account  of  the 
condensation  of  small  amounts  of  mercury  in  the  upper  portions  of  the 
tubes.  This,  too,  was  negligible,  except  in  the  case  of  the  extremely 
concentrated  bismuth  amalgams.  Here  a  correction  was  made  by  weigh- 
ing the  condensed  mercuiy.  '  It  was,  of  coiu'se,  always  possible,  though 
seldom  necessary,  to  analyze  the  amalgams  after  the  experiment,  if  any 
doubt  as  to  its  composition  existed. 

The  accuracy  of  the  results  was  determined,  it  is  seen,  by  the  accuracy 
of  the  pressure  determinations.  This  was  preserved,  as  far  as  possible, 
by  the  elimination,  by  boiling  out,  of  the  gas  which  it  was  found  was 
given  off  by  the  glass  in  varying  amounts  in  the  closed  arm  during  de- 
terminations. Condensation  of  the  vapor  of  mercury  in  the  closed  arm  by 
increasing  the  pressure  permitted  very  small  amounts  of  gas  to  be  de- 
tected at  the  point  of  the  tube.  The  tubing  was  of  large  enough  diameter 
to  minimize  any  unequal  effects  of  surface  tension  in  the  different  arms 
of  the  tubes.  An  incandescent  bulb  placed  behind  the  thermostat  enabled 
the  menisci  to  be  easily  observed.  The  error  in  adjustment  and  reading 
of  the  pressures,  it  is  estimated,  was  not  greater  than  a  millimeter.  This 
was  greatly  reduced  by  making  a  number  of  observations  for  each  de- 
termination. The  degree  of  agreement  of  these  separate  observations 
among  themselves  can  be  seen  from  the  tabulated  results.  Due,  probably, 
to  increasing  skill  in  maniptdation,  this  was  markedly  better  in  the  case 
of  bismuth  than  of  gold. 

1  Hildebrand,  This  Journal,  3Z,  933  (1909)- 
« Hulett,  Phys.  Rev.,  33,  307. 
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Experimental  Results. 
Silver  AmaLgam. — ^In  Table  I  are  given  the  results  upon  the  vapor 
pressure  of  the  single  silver  amalgam  investigated.    From  a  preliminary 
series  of  measurements  it  was  found  that  silver  is  but  slightly  soluble  in 


Table  I. — Sn^vsR  Amalgam. 


Wt.  Ag  0.1783 
Wt.  Hg  14.013 
N  =  42.27 


P. 

Po. 

P/Po. 

L 

318.2 

325.3 

0.978 

313. 1 

318.2 

325.7 

0.977 

313.2 

318.4 

325.7 

0.977 

^3.2 

315.4 

324.7 

0.972 

313.0 

317.7 

324.7 

0.979 

313.0 

318. 1 

325.7 

0.977 

313. 1 

Mean, 

0.9767 

313. 1 

JV/JV+i 

0.9769 

y 

mercury,  even  at  these  temperatures.  On  that  account  but  one  accurate 
determination  was  made.  In  the  table,  P  denotes  the  vapor  pressure  of 
the  amalgam,  Pq  that  of  mercury  at  the  same  temperature,  t  the  cor- 
responding temperature,  according  to  the  measurements  of  Smith  and 
Menzies,^  and  N  the  number  of  atoms  of  mercury  per  atom  of  solute  metal. 
Gold  Antatgants. — ^In  order  to  save  space  we  give  the  individual  ob- 
servations on  but  one  amalgam,  as  a  sample,  in  Table  II.  The  results 
of  the  other  series  of  observations  are  merely  summarized  in  Table  III, 
including  the  ''probable  error"  of  each  set  ef  observations  of  P/Po,  cal- 

Tablb  II. — Gold  Amalgam. 


P. 

Po- 

P/Po. 

L 

Expt.  No.  27 

344.9 

350.1 

0.986 

316.7 

Wt.Au  0.2018  g. 

346.5 

353.3 

0.982 

316. X 

Wt.  Hg  13.328  g. 

345.3 

351.5 

0.983 

316.7 

N  =  65.0 

348.0 

352.9 

0.990 

317. 1 

N/N  -f  I  =  0.985 

351.5 

355.2 

0.990 

3x7.4 

351.5 

356.1 

0.988 

317.6 

351.0 

355.5 

0.988 

317.4 

351.9 

356.3 

0.988 

3x7.6 

351.3 

356.5 

0.987 

317.4 

352.0 

356.1 

0.988 

317.4 

352.7 

356.1 

0.991 

317.4 

Mean*    0.987  317-3 

culated  by  the  usual  formula.  These  results  are  represented  graphically 
in  Fig.  4,  relative  pressures,  P/Po,  being  plotted  against  the  atoxnic 
fractions  of  gold,  i/N  +  7. 

Bismuth  Amalgams, — Here  again  we  will  not  burden  the  text  with  an 
extended  series  of  tables  of  the  separate  series  of  observations,  but  sununar- 
^  Loc,cU. 


Digitized  by  VjOOQIC 


VAPOR  PRESSURES  OF  SILVER,  GOLD  AND  BISMUTH  AlCALGAMS.  202$ 
Tabids  III. — Gold  Amai«gams. 

Wt.  Au.  Wt.  Hg.  No.  of  obs.  N,  1/N  +  i.  P/Po-    "Prob.  error"  -i.   I. 

0.2018  13328  II  65.0  0.0152  0.987  0.0006  317.3 

0.5707  14.002  14  24.1  0.0398  0.979  0.0005  316.6 

0.7436  12.541  13  18.14  0.0652  0.968  0.0006  315.4 

0.997  13- 125  10  12.96  0.0717  0.955*  0.0006  317.5 

1.269  12.666      8     9.84  0.0925  0.950  0.0014  313.0 

1.354  11.796  6     8.81  0.1046  0.945  0.0005  319.8 

1.636  12.441  12     7.48  O.I179  0.942  0.0006  317.5 

2.363  13125  3     5.56  0.153  0.931  0.0013  315.9. 

3.109  13.125  2     4.22  O.191  0.933  0.0013  316.2 

ize  the  mean  values,  giving  the  calculated  "probable  error"  of  the  ob- 
served ratios  P/Po-  The  summary  is  given  in  Table  IV.  The  results 
are  plotted  in  Fig.  4,  the  ordinates,  as  before,  being  the  relative  pressures 
P/Po  and  the  abscissae  the  atomic  fractions  of  bismuth  i/N  +  i, 

Tabls  IV. — ^BiSMXJTH  Amalgams. 

No.  of  P/Po       "Prob.  P/Po 

Wt.  Bi.     Wt.  Hg.    obs.        N.  1/N  +  1     obs.       error"  i«i.       L  calc.      Difference. 

0.4125  7388  5  18.57  0.0510  0.961  0.0007  320.3  0.960  +0.001 

2.504  20.690  4  8.31  0.1074  0.929  0.0004  320.3  0.927  +0.002 

2.647  14.644  4  5.73  0.1486  0.908  0.0002  321. 1  0.904  +0.004 

3.669  10.757  4  3.05  0.247  0.840  0.0004  321.0  0.842  — 0.002 

7.865  14.274  3  1.88  0.347  0.765  0.0006  329.9  0.765  =*=O.00O 

7.582  8.485  4  1. 16  0.463  0.650  0.0005  320.3  0.658  — 0.008 

II. 201  8.383  5  0.777  0.563  0.542  0.0007  321.9  0.552  — o.oio 

12.576  6.334  5  0.522  0.670  0.432  0.0007  320.3  0.428  +0.004 

19.598  4.980  4  0.262  0.793  0.278  0.0004  321.7  0.277  +0.001 

9.328  0.618  2  0.0686  0.937  0.092  0.002  321.2  0.088  +0.004 

Interpretation  of  the  Results. 

The  expression  most  frequently  used  for  calculating  vapor  pressures  of 
binary  mixtures  is  Raoult's  law, 

P/Po  =  N/N  +  I. 
It  will  be  seen  that  the  dilute  silver  amalgam  investigated  obeyed  this 
law  very  closely,  as  all  solutions  undoubtedly  would  if  sufficiently  dilute. 
At  this  concentration,  therefore,  we  may  regard  the  atom  and  molecule 
of  silver  as  identical,  confirming  the  results  of  Ramsay.^ 

Turning  next  to  bismuth  amalgams,  we  see  from  Fig.  4  that  the  relative 
vapor  pressures  are  greater  than  those  calculated  from  the  simple  Raoult 
law,  which  would  give  a  straight  line,  as  indicated.  There  are  two  methods 
whereby  such  deviations  have  been  accounted  for.  The  first  is  to  assume 
that  Raoult's  law  is  fundamentally  correct,  and  that  all  apparent  deviations 
are  due  to  a  change  in  the  real  mol-fraction,  caused  by  a  change  in  the 
molecular  species  present.  For  example,  if  the  bismuth  were  completely 
associated  to  form  Bi2,  then  there  would  be  not  i  mol  of  bismuth  to  N  of 

» J.  Chem.  Soc.,  55,  521  (1889). 
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mercury,  but  0.5  mol,  and  the  relative  vapor  pressure  of  the  meicaty 
would  be  given  by  the  equation, 

P/Po  =  N/N  +  0.5. 
Such  a  modification*  of  Raoult's  law  gives  values  of  P/Po  for  bismuth 


amalgams  which  are  too  great.    The  next  step  would  be  to  assume  a 
partial  association  according  to  the  equation 

2Bi  ±^  Bia. 

Here,  if  a  represents  the  mols  of  Bis  formed,  and  i  —  2a  the  mols  of  Bi 
present,  then  we  would  have  for  the  mol-fraction  of  mercury 

P/Po  =  N/N  +  i-a,  (i) 

a  and  N  being  connected  with  the  equilibrium  constant  K  of  the  above 
equilibrium  by  the  equation 
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K{i  —2ay/{N  +  !  —  «)»  =  a/{N  +  I  —  a) 
or  K{l  —  2(xY  ^a{N  +  i  —  a)  (2) 

The  elimination  of  a  between  Equations  i  and  2  gives  the  formula 
used  successfully  to  calculate  the  relative  vapor  presstu-es  of  zinc  amalgams^ 
and  the  e.  m.  f.  of  concentration  cells  of  zinc,  lead  and  tin  amalgams.^ 
In  the  present  case,  however,  we  find  that  the  observations  will  not  fit 
this  type  of  curve.  If  7f  =  40,  P/Po  is  given  by  the  broken  curve  in 
Fig.  4.  It  will  be  seen  that  the  relative  pressures  are  given  fairly  well 
up  to  a  bismuth  conctatration  of  about  33  atom-per  cent.,  but  for  more 
concentrated  amalgams  the  observed  values  lie  considerably  below  the 
curve.  Nor  is  it  possible  to  improve  the  agreement  by  altering  the  value 
of  K,  A  smaller  value  of  K  would  reduce  the  calculated  values  of  P/Po 
chiefly  at  the  left  end  of  the  curve  in  the  figure,  rather  than  at  the  right, 
where  i/N  +  i  is  large.  The  discrepancy  could  undoubtedly  be  removed 
by  assuming  a  second  equiUbrium  whereby  there  is  partial  formation  of 
BisHg.  This  would  introduce  a  second  equiUbrium  constant  into  the 
equation  for  P/Po,  and  give  a  very  complicated  expression,  in  spite  of 
the  fact  that  it  would  contain  but  two  constants.  The  method  for  doing 
this  is  obvious,  and  it  hardly  deserves  the  space  that  it  would  require. 

The  second  method  for  calculating  such  curves  is  in  accordance  with 
the  theory  published  in  an  important  paper  by  van  Laar.*  As  has  been 
pointed  out  by  Washburn,*  the  law  of  Raoult  caimot  hold  where  two 
liquids  are  present  which  are  not  completely  miscible.  The  vapor  presstu'e 
of  either  component  must  be  the  same  from  each  liquid  phase,  while  by 
no  assumption  can  its  mol-fraction  be  the  same  in  both.  In  other  words, 
the  escaping  tendency  of  one  component  from  the  phase  composed  largely 
of  the  other  is  greater  than  its  mol-fraction  in  that  phase,  due,  we  may 
imagine,  to  the  inability  of  molecules  of  the  first  component,  having  a 
volume  b,  to  penetrate  as  easily  a  liquid  composed  largely  of  molecules  of 
the  second,  having  a  different  volume,  fc'.*  Now,  if  sudi  a  system  were 
subjected  to  a  change  of  temperattu-e  so  that  the  two  Uquid  phases  became 
one,  we  can  hardly  imagine  that  Raoult's  law  would  suddenly  become  valid, 
since  the  cause  of  the  deviation  when  two  liquids  were  present  has  been 
gradually  diminished  rather  than  suddenly  removed.  The  idea  under- 
lying van  Laar's  treatment  of  the  question  is,  therefore,  undoubtedly 
correct,  as  he  introduces  the  values  of  b,  in  the  sense  of  the  van  der  Waals 
equation,  and  also  a  factor,  P,  depending  on  the  heat  of  mixing.    Refer- 

1  J.  H.  Hildebrand,  /.  c. 

«2.  physik.  Chem.,  73,  723  (1910);  82,  599  (1913). 

•  Trans.  Am.  EUctrochem.  Soc.,  aa,  330  (1912). 

^  The  influence  determining  this  difference  between  the  relative  escaping  tendency 
and  the  mol-fraction  have  been  termed  by  Washburn  the  "thermodynamic  environ- 
ment." In  view  of  the  kinetic  explanation  one  is  led  to  feel  that  the  adjective  might 
be  omitted  without  any  real  sacrifice  of  meaning. 


Digitized  by  VjOOQIC 


2028  ERMON  DWIGHT  EASTMAN  AND  JOBh  H.   HILDEBRAND. 

ence  must  be  made  to  the  original  paper  for  the  derivation  of  his  equations 
and  their  theoretical  consideration.  We  will  merely  give  the  equations 
there  derived  for  each  component. 

fix* 

P/Po  =  xe  ^/^'-/l\^^,    and     P^/P.' =  (i -x)e(^  +  r^^' 

where 

r  =  (6  —  b')/b',  and  ic  =  N/N  +  i. 

In  oiu-  notation  the  vapor  pressing  of  mercury  ffom  amalgams  may  be 
expressed  in  the  simplified  form 

P/Po  =  Ny/N  +  I 
where  logio^'  =  a/(j  +  cN)*.  By  making  approximate  solutions  it  was 
found  that  the  measurements  are  given  very  closely  by  this  formula  when 
a  =  0.1425  and  c  =  0.234.  The  curve  corresponding  to  these  values 
is  drawn  in  the  figure,  the  calculated  values  of  P/Po  corresponding  to 
the  measured  values  are  given  in  the  9th  coltmm  of  Table  IV,  and  the 
differences  between  the  calculated  and  measured  values  are  seen  in  the 
last  column.  The  agreement  is  seen  to  be  quite  satisfactory.  The  values 
of  a  and  c  here  used  are  quite  empirical.  Data  upon  the  heat  of  mixing 
are  not  at  hand,  so  that  the  value  of  a  cannot  be  tested.  However,  c 
depends  upon  the  ratio  of  b  for  mercury  to  that  for  bismuth.  This  would 
probably  be  not  very  different  from  the  ratio  of  the  molecular  volumes 
at  these  temperatures,  which  is  approximately  0.75.  This  would  give  to 
r  the  value  — 0.25,  and  to  c,  0.75.  This  is  quite  different  from  the  em- 
pirical value  given  above,  so  that  the  equation  expressing  the  observations 
should  hardly  be  considered,  at  least  for  the  present,  as  having  any  theo- 
retical significance. 

The  values  of  P/P6  for  gold  amalgams,  as  will  be  seen  from  the  curve, 
deviate  strongly  from  the  simple  form  of  Raoult's  law  as  the  concentration 
increases.  The  small  solubility  of  gold  in  merciuy  at  this  temperature 
prevents  any  considerable  portion  of  the  ciu^e  from  being  realized  ex- 
perimentally. The  appearance  of  a  solid  phase  at  a  concentration  of 
about  15  atom-per  cent,  is  evident  from  the  curve,  and  was  obvious  during 
the  experiment.  The  deviations  are  too  great  to  be  accounted  for  by  the 
assumption  of  the  presence  of  the  compound  AujHg,  the  existence  of  which 
is  reported  by  G.  McP.  Smith^  from  evidence  gained  by  diffusion  ex- 
periments.   According  to  this  assumption  we  should  have 

P/Po  =  {N-o,5)/N 
The  graph  of  this  equation  is  given  in  the  figure,  and  it  is  obvious  that  the 
measurements  could  be  accounted  for  only  by  assuming  a  molecule  con- 
taining more  gold  atoms  and  dissociating  rather  completely  in  dilute 
^  This  Journal,  36,  847  (1914). 
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solution  to  give  Au  molecules.  The  construction  of  a  curve  on  the  basis 
of  such  assumptions  would  have  vexy  little  theoretical  justification,  in 
view  of  the  small  range  of  concentration  over  which  it  might  be  tested. 
Turning  to  the  equation  in  the  form  given  by  van  Laar,  we  find  that  a 
satisfactory  agreement  with  the  observed  values  is  obtained  by  taking 

log  y  =  0.23/(1  +  0.25AO* 

The  curve  drawn  through  the  points  is  calculated  from  these  constants 
in  the  equation 

P/Po    =  iVy/^  +  I 

These  two  methods  of  accounting  for  vapor  presstu'es  of  mixtures  seem 
to  be  very  different,  and  they  have  been  the  subject  of  some  harsh  polemic 
between  van  Laar^  and  Dolezalek.'  It  would  seem  that  neither  point 
of  view  should  prevail  to  the  exclusion  of  the  other.  Undoubtedly  there 
exist  cases  where  chemical  changes  should  be  regarded  as  the  chief  modi- 
fying factor,  and  the  treatment  used  by  Dolezaldc  is  substantially  correct. 
It  is  equally  certain,  however,  that  all  deviations  from  the  simple  law  can- 
not correctly  be  accounted  for  in  this  way,  and  that  curves,  as  drawn  in 
Pig.  4,  may  be  strongly  convex  upwards  where  no  essentially  chemical 
changes  are  involved,  and  where  the  general  principle  underlying  van 
Laar*s  treatment  of  the  problem  must  be  invoked.  Some  external  evi- 
dence must  be  sought  in  many  cases  to  decide  in  how  far  individual  devia- 
tions from  the  simple  law  should  be  explained  by  one  method  or  the  other. 
For  example,  if  we  extrapolate  from  our  measurements  to  find  the  condi- 
tion of  bismuth  when  N  ^  o,  i.  e.,  when  pure  liquid  bismuth  is  present, 
we  find  that  according  to  the  method  of  van  Laar  it  might  be  monatomic, 
in  spite  of  the  convexity  of  the  curve  in  Pig.  4,  whereas,  according  to  the 
method  maintained  by  Dolezalek,  it  must  be  more  or  less  associated. 
Now  if  we  should  find  independent  evidence  as  to  the  molecular  weight 
of  molten  bismuth,  we  would  be  in  a  position  to  lend  strong  support  to 
one  or  the  other  of  these  two  points  of  view.  A  study  of  such  evidence 
is  being  made,  and  will  be  the  subject  of  a  communication  in  the  near 
future.  We  hope,  also,  that  further  Ught  will  be  shed  upon  the  subject 
by  the  vapor  pressure  measurements  planned  upon  other  amalgams. 
Por  the  present,  therefore,  we  will  forego  further  discussion,  and  rest  with 
the  presentation  of  the  above  facts. 

Summary. 
Measurements  have  been  made  of  tlie  vapor  pressures  of  silver,  gold 
and  bismuth  amalgams,  at  approximately  318^.    Silver  being  but  slightly 
soluble  at  this  temperattu^,  one  measurement  only  was  made,  with  an 

*  Z.  physik.  Chem.,  83,  40  (19x3). 


Digitized  by 


Google 


2030     GEORGE  SHANNON  FORBES  AND  EDWARD  PAYSON  BARTU3TT. 

amalgam  containing  1.27%  of  silver.    Raoult's  law  was  found  to  be 
obeyed  within  the  limit  of  experimental  error. 

Measurements  with  gold  amalgams  at  concentrations  up  to  23.7%  of 
gold  showed  the  separation  of  a  solid  phase  at  an  approximate  composition 
of  16.5%.  In  the  more  dilute  amalgams  the  vapor  pressures  were  found 
to  be  greater  than  those  calculated  from  the  simple  form  of  Raoult's  law. 
The  deviation  is  such  that  to  explain  it  on  the  basis  of  Raotdt's  law  one 
would  have  to  asstmie  a  rather  complex  gold  molecule.  The  observations 
are  very  well  expressed  by  the  equation: 


P  N 


0.23 


lOd  +0.25  2y)« 


This  equation  corresponds  in  form  to  one  derived  by  van  Laar,  but  with 
values  assigned  to  the  constants  which  are  purely  empirical. 

Bismuth  amalgams  of  all  concentrations  are  liquid  at  this  temperature, 
and,  like  gold  amalgams,  gave  vapor  pressures  higher  than  those  cal- 
culated from  Raoult's  law.  If  the  validity  of  that  law  is  assumed  the  devi- 
ations from  its  simple  form  could  be  explained  by  assuming  the  two 
equilibria: 

2Bi  ±^  Bi,,  and  Bi,  +  Hg  ±^  BijHg 
This  would  give  an  equation  containing  but  two  constants,  but  complicated 
in  form.  The  equation  of  van  Laar,  which  permits  deviations  from 
Raoult's  law  without  assuming  association  or  other  chemical  changes, 
again  expresses  the  observations  vexy  accurately  when  numerical  values 
are  chosen  as  follows: 

€   =       /_I_ioa  + 0-234  N)* 

P      N  +  i 
It  is  pointed  out,  however,  that  too  much  stress  should  not  be  placed  upon 
this  agreement  on  account  of  the  entirely  empirical  nature  of  the  con- 
stants asstuned. 

To  decide  to  what  extent  deviations  from  the  simple  Raoult's  law  should 
be  accounted  for  by  either  of  the  two  methods,  it  is  shown  that  recourse 
must  be  had  to  other  methods  for  distinguishing  between  normal  and 
associated  liquids. 

BSKXBLSY.  CaL. 
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THE  MEASUREMENT  OP  OXIDATION  POTENTIALS  AT  MER- 
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The  existing  data  on  oxidation  potentials  are  neither  so  abtmdant  nor 
so  concordant  as  the  importance  of  the  subject  would  warrant.  This 
remains  tru^of  the  stannic-stannous  potential,  for  instance,  in  spite  of 
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careful  investigations  by  Bancroft,^  Fredenhagen,*  Dolch,'  and  Foerster 
and  Yamasaki.^  Thus,  FredenhageUi  working  in  solutions  tenth-normal 
with  respect  to  both  hydrochloric  add  and  tin,  the  stannic  concentration 
being  twenty-four  times  the  stannous,  noted  potentials  varying  two- 
tenths  of  a  volt,  and  not  approaching  constant  or  agreeing  values  after 
days  of  waiting.  Dolch,  working  in  several  concentrations  of  sodium 
hydroxide,  fared  better,  but  did  not  record  enough  results  to  draw  sweeping 
conclusions  as  to  the  reproducibility  of  his  figures,  or  the  effect  of  the 
variable  concentrations.  Yamasaki  gives  seven  determinations,  three 
with  pink  salt,  three  with  half -normal  acid,  and  one  with  twice  normal  acid 
where  the  concentration  ratio  of  the  tin  salts  is  not  recorded.  Both 
of  the  last-mentioned  investigators  waited  from  five  to  twenty  days 
before  sufficient  constancy  was  attained  to  justify  recording  measure- 
ments. 

It  appeared  that  improvement  would  be  impossible  if  platimmi  elec- 
trodes were  used  as  in  the  above  researches.  Fredeohagen  has  pointed 
out  the  difficulties  arising  from  solutions  which  do  not  react  readily  with 
oxygen,  and  which  thus  fail  to  come  into  equiUbrium  with  the  h3rpothetical 
platinum  oxides  which  are  supposed  to  carry  over  the  potential  to  the 
platinum  itself. 

Of  other  electrode  materials,  gold  and  palladium  were  tried  by  Peters.* 
Abegg^  was  probably  the  first  to  suggest  the  use  of  base  metals,  especially 
copper,  though  he  did  not  publish  any  results.  Mazzucchelli,'  in  his  re- 
search on  the  chromic-chromous  potential,  used  copper,  silver,  an4  mercury. 
His  difficulties,  as  will  be  shown  in  a  paper  shortly  to  be  published,  lay 
in  the  decomposition  of  his  solutions  rather  than  in  his  electrodes,  at 
least  where  mercury  was  used.  This  metal  possesses  the  great  advantages 
of  a  free  surface  on  which  hydrogen  has  a  high  overvoltage.  Hydrogen 
undoubtedly  deposits  on  platinum  immersed  in  powerful  reducing  agents, 
and  we  have  fotmd  that  the  potentials  of  such  solutions  are  much  more 
electronegative  on  mercury  than  on  platinum,  a  strong  point  in  favor  of 
mercury  electrodes.  The  effects  of  air  on  the  two  electrodes  were  studied 
in  a  stannic-stannous  cell  of  the  tjrpe  described  below,  but  provided  with 
a  platinum  as  well  as  a  mercury  electrode.  This  was  brought  to  equilib- 
rium as  pure  carbon  dioxide,  then  air  was  passed  in  for  a  time,  then 
carbon  dioxide  again.    The  single  potentials  were  recorded  as  follows: 

>  Z.  physik.  Chem.,  10,  399  {1892). 
'  Z.  anorg,  Chem.,  39,  445  (1903). 
'  Z.  Elektrochem.,  16,  602  (1910). 
*/Wi.,  I7i36i  (1911). 

•  Z.  physik,  Chem,,  26,  198  (1898). 

•  Z.  Eiehtrochem,,  13,  34  (1907). 
T  ZefUrcMaU,  76,  II,  294  (1905}. 
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Time.  Mercurj.  Platinam. 

ConditiooB.  '  Min.  Volt.  Volt. 

Equilibrium,  COs o  o. 4) i  o . 488 

Air  passed  in 3  0.465  0.541 

Air  passed  in 29  0.449  0.542 

Air  passed  in 66  0.453  0.546 

Airofif,  COjon 74  0.424  0.520 

Air  off,  COj  on 155  0.408  0.461 

Airoff,  COion 234  0.409  0.474 

The  air  evidently  disturbs  the  potential  on  the  platinum  much  more 
than  on  the  merciuy,  and  its  effects  are  almost  impossible  to  eliminate 
from  the  platinimi,  while  the  mercury  quickly  recovers.  Hydrogen, 
on  the  other  hand,  was  proved  in  a  similar  experiment  to  have  very  little 
effect  on  the  potential  at  mercury  electrodes. 

The  assumption  is  made,  and  verified  below,  that  when  constant  po- 
tential is  attained  the  oxidizing  potential  of  the  extremely  dilute  mixture 
of  mercury  salts  present  is  equal  to  that  of  the  stannic-stannous  solution. 

The  single  potential  difference  between  mercury  and  its  normal  salts, 
1.07  volts,  sets  a  limit  to  its  use  in  the  study  of  oxidizing  solutions.  Solu- 
tions approaching  this  degree  of  oxidizing  power  would  have  to  contain 
sufl5cient  merciuy  salts  at  the  start  to  avoid  oxidation  of  metallic  mercury, 
and  as  anion  only  perchlorate  would  be  suitable.  Perchlorate  yields  mer- 
ciuy salts  freely  soluble,  and  excess  of  the  acid  can  be  added  to  check  hydrol- 
ysis without  danger  of  oxidation  due  to  the  decomposition  of  the  anion. 
In  the  presence  of  chloride,  0.56  volt,  and  in  the  presence  of  sulfate,  0.97 
volt,  the  potentials  of  the  corresponding  standard  electrodes,  would  be 
abot4  the  limits,  if  oxidation  of  mercury  to  insoluble  salts  is  to  be  avoided. 

Preparation  of  Materials  and  Solutions. — One-quarter  of  a  gram  atom 
of  tin  was  dissolved  in  a  known  quantity  of  redistilled  constant  boiling 
hydrochloric  add  in  a  flask  provided  with  a  ground-in  reflux  condenser 
terminating  in  a  bent  tube  sealed  with  water  to  prevent  entrance  of  air 
or  escape  of  add  vapors.  This  water  was  added  to  the  solution  in  the 
flask,  and  the  whole  made  up  to  a  liter,  so  that  both  the  concentration  of 
tin  and  of  add  could  be  calculated.  For  a  part  of  the  work,  reagent  tin 
containing  traces  of  carbon,  but  no  iron,  was  used.  For  some  of  the  de- 
terminations in  twice  normal  hydrochloric  add  (Solution  5)  a  sample 
was  electrolyzed  from  an  anode  of  this  tin  in  a  solution  of  stannous  chloride 
made  by  dissolving  another  portion  in  add.  The  agreement  in  potential 
noted  upon  plotting  the  results  on  the  curves  shows  the  equivalence  of  the 
two  samples  within  one  or  two  millivolts.  Mercury,  already  quite  pure, 
was  passed  repeatedly  through  a  tower  containing  mercurous  nitrate, 
and  then  distilled  in  vacuo.  Carbon  dioxide  was  freed  from  oxygen  in 
Emmerling  towers  containing  cuprous  or  chromous  chloride,  and  in  the 
later  work  on  solutions  twice  normal  in  add,  as  an  additional  precaution, 
the  gas  was  dried  with  phosphorus  pentoxide  and  passed  through  dec- 
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trically  heated  tubes  containing  copper  gauze.  It  was  in  every  case  finally 
bubbled  through  a  solution  of  essentially  the  same  composition  as  that 
in  the  cell,  to  avoid  concentration  changes  in  the  latter.  Chlorine  was 
prepared  by  the  action  of  hydrochloric  acid  on  potassium  permanganate. 

The  Cells, — ^These  were  made  from  wide-mouthed  bottles  of  250  cc. 
capacity,  closed  with  rubber  stoppers  pierced  with  five  holes'.  Through 
these  holes  respectively,  passed  a  glass  tube  with  a  sealed-in  platinum  wire 
to  dip  into  the  mercury  on  the  bottom  of  the  cells;  a  centrifugal  stirrer; 
a  tube  for  the  delivery  of  carbon  dioxide;  a  tube  through  which  a  pipet 
could  be  introduced;  and  a  capillary  empt3ring  into  an  indifferent  solution. 
This  connecting  liqtiid  was  saturated  potassium  chloride  except  in  the  case 
of  part  of  the  measurements  with  normal  acid,  where  24%  of  potassium 
nitrate  was  substituted  for  the  same  amount  of  chloride.  The  indifferent 
electrolyte  was  changed  at  frequent  intervals.  ^  It  was  connected  by  another 
capillary  with  the  normal  calomel  electrode  made  up  in  a  125  cc.  bottle, 
and  checked  at  frequent  intervals  against  a  standard  electrode  carefully 
guarded  from  contamination.  Connecting  tubes  gelatinized  with  agar 
agar  were  rejected  as  giving  inconstant  results.  The  whole  system  was 
immersed  in  a  thermostat  electrically  regulated  at  25.0^. 

Both  a  potentiometer  made  by  us  from  caUbrated  manganin  resistance 
boxes  and  an  elaborate  Wolff  potentiometer  were  used  in  making  measure- 
ments. The  compensation  method  was  employed,  a  d' Arsonval  galvanom- 
eter serving  as  a  zero  instrument,  and  several  cadmium  cells  carefully 
made  up  serving  as  standards.  Connections  were  carried  in  air  lines  or 
through  glass  tubes  and  other  usual  precautions  observed.  The  cells, 
constantly  swept  out  with  pure  carbon  dioxide,  were  first  filled  with  a 
solution  of  stannous  chloride  nearly  free  from  stannic.  After  some  hours 
the  potential  assumed  a  value  which  remained  constant  for  days  within 
0.002  volt,  provided  no  leakage  of  air  or  serious  temperature  •  change 
occurred.  In  the  determination  with  Solution  la,  equiUbrium  was  ap- 
proached from  the  other  side,  by  adding  a  trace  of  mercuric  salt,  which 
was  reduced  to  mercurous  salt  and  merctuy  until  the  oxidizing  potential, 
due  to  mercury  salts,  was  exactly  equal  to  that  of  the  stannic-stannous 
mixture.  This  conclusion,  verified  by  the  fact  that  these  points  also  lie 
on  the  curve,  demonstrates  another  point  of  superiority  of  mercury  over 
platinum  electrodes,  where  no  corresponding  experiment  can  be  performed. 
All  points  on  the  curves  were  found  with  stationary  though  well  mixed 
solutions,  but  figures  noted  on  subsequent  vigorous  stirring  are  added  in 
the  tables. 

Pew  workers  in  this  field  have  taken  the  trouble  to  analyse  their  solu- 

^  A.  C.  Cumming  and  E.  Gilchrist,  Trans.  Faraday  Soc.,  9,  174  (1913)*  while  urg- 
ing the  frequent  formation  of  new  boundaries,  recommend  that  capillaries  be  not  used 
at  all. 
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tions  after  each  potential  measurement.  In  the  present  research  lo  cc. 
were  always  pipetted  off  into  a  flask  swept  out  with  carbon  dioxide,  diluted 
generously  with  air-free  water,  and  titrated  with  0.2  equivalent  normal 
permanganate  standardized  at  intervals  with  sodium  oxalate  from  the 
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Btu-eau  of  Standards.    It  was  shown  by  adding  iodide  and  starch  that 
nojjchlorine  is  set  free  previous  to  the  last  drop  of  permanganate,  if  only 
the  solution  is  agitated.    The  addition  of  ferric  chloride^  and  manganous 
^  Olsen,  "Quantitative  Chemical  Analysis,"  1904,  p.  3x2. 
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salts  had  no  effect  on  the  results,  and  these  reagents  were  in  general 
omitted.  End  points  were  sharp  and  permanent.  The  amount  of  stan- 
nous salt  thus  found  was  subtracted  from  the  total  tin  to  find  the  stannic 
content.  Niext  chlorine  was  passed  in  to  change  the  concentration  ratio, 
the  add  concentration  remaining  constant;  new  meastu-ements  were 
then  made,  and  so  on  until  little  stannous  tin  remained.  As  expected, 
the  sharpest  results  were  noted  when  neither  valence  was  present  in 
minimal  concentration. 

In  the  following  tables  each  single  potential  as  given  results  by  sub< 
tracting  the  potential  of  the  cell  from  the  value  assumed  for  the  normal 
calomel  electrode,  namely  0.560  volt.  This  electrode  alwasrs  formed 
the  positive  pole  of  the  cell.    The  correction  for  the  potential  at  the 

Tabids  I. 

Solution  No.  i. 

28.78  g.  tin  per  liter.     1.016  N  hydrochloric  acid. 


Cell 
No. 

Sniv. 
SnH 

Time. 
Hn. 

«•  in  mmivolta. 
At  tttt.         Stirring. 

2 

0.0462 

—1.34 

92 

375 

376 

0.0500 

—1.30 

92 

379 

383 

0.4540 

-0.34 

48 

404 

405 

0.5440 

— 0.26 

48 

406 

406 

1.035 

O.OI 

20 

414 

414 

5.008 

0.70 

23 

432 

432 

2 

5.435 

0.74 

20 

434 

434 

2 

60.15 

1.78 

Solution  No. 

24 
I  a. 

468 

The  same  solution  as  in  No. 

I,  but  each  equilibrium 

was  attained  after  addition 

of  mercuric  chloride. 

0.0485 

—1. 31 

26 

376 

377 

0.0504 

—1.30 

67 

376 

380 

0.1444 

--0.84 

14 

392 

394 

0.8600 

— 0.07 

44 

417 

423 

0.9145 

—0.04 

19 

415 

415 

1.897 

0.28 

24 

428 

429 

6.735 

0.83 
Solution  No 

49 

.  2. 

446 

447 

29.69  g.  tin  per  liter.    0.998  N  hydrochloric  acid 

CeD 
No. 

Sniv. 
Son 

,       Sniv 
^Snn 

Time. 
Hn. 

». 

At  rest. 

Stirring. 

2 

0.0298 

—1.52 

89 

374 

379 

I 

0.0481 

—1. 31 

89 

380 

385 

I 

0.2690 

—0.57 

23 

399 

399 

2 

0.3740 

—0.42 

23 

397 

398 

2 

1.390 

0.14 

21 

413 

414 

I 

4.860 

0.69 

21 

431 

436 

2 

60.90 

1.78 

21 

457 

462 
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Solution  No.  4. 
29.69  g.  tin  per  liter.     2.000  N  hydrochloric  acid. 


Cell  •  Log •         Time. 


No.                 Sn«                          Sn«             Hrs.  At  rest.  Stirring. 

1  0.1033  — 0.99  22*  377  377 
3  O.2118  — 0.67  25  383  385 
3       0.4420      — 0.36      22  393  393 

2  0.6879      — 0.16      21  402  402 

2  1.332          0.13       23  409  409 

3  1. 518        0.18     21  406  407 

1  2.657          0.42       27  ...  418 

2  3-916  0.59  .  24  422  424 
2  17.10  1.23  72  441  440 
2^      39.93            1.60       22  449  449 

Solution  No.  5. 

Of  same  composition  as  solution  No.  4,  but  prepared  with  electrolytic  tin. 

2              0.3651            — 0.44            72  392  391 

X              0.3900            — 0.41            72  392  392 

2              0.7014            — 0.15            20  399  399 

1  1. 142                  0.06            29  405  405 

2  .1-456  o.x6  29  408  407 
2  2.909  0.46  26  416  417 
I              4.408                  0.64            26  421  422 

Solution  No.*  6. 

29.69  g.  tin  per  liter.     5.257  N  hydrochloric  acid. 

SnXV                        Snxv  »• 

Cell  •  I«og •         Time. 


No.                 SnH  Sn«  Hrs.  At  rest.  Stirring. 

1  0.0584  — 1.23  86  331 

2  0.0622  — I. 21  95  332  331 

3  0.1233  — 090  28  342  343 

2  0.5333  — 0.27  23  368  368 

1  0.6012  — 0.22  19  371  372 

3  2.622  0.43  42  390  391 

2  8.479  0.93  21  405  406 
I  13-41  1. 13  21  408  409 
I  77-76  1.89  23  427  429 

liquid  junction  between  the  potassium  chloride  and  the  acid  is  not  applied 
because  of  the  great  uncertainty  as  to  the  nature,  concentration,  and 
degree  of  dissociation  of  the  numerous  compounds  and  complex  ions 
that  may  be  present.  It  will  be  shown  that  the  best  method  to  eliminate 
this  uncertainty  is  to  extrapolate  to  zero  concentration  of  acid.  The 
data  in  the  table  are  plotted  on  the  lines  foimd  in  Fig.  i.  Time  elapsed, 
in  hotu-s,  from  the  last  alteration  of  concentration  to  the  given  observation 
is  noted;  in  practically  every  case  the  potential  was  sensibly  constant 
for  the  last  twelve  hours  of  this  period.  The  work  in  normal  add  (Curve  i) 
was  carried  out  first,  before  experimental  diflSculties  had  been  thoroughly 
overcome,  so  that  the  points  in  this  series  are  somewhat  less  satisfactory 
than  in  the  others. 
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Unless  considerable  acid  is  present,  the  hydrolytic  equilibrium  of 
stannic  chloride  is  very  slowly  established,  as  indicated  by  Kowalewsky*s 
conductivity  measurements,^  which  we   checked  at  25**.    For  each  con- 
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centration  of  acid  used  as  a  meditun  the  curves  show  a  relation,  almost 
linear,  between  potential  and  -the  logarithm  of  the  cPPCWtration  ratio. 
^  2.  anarg.  Ch€m.,  23,  i  (1900). 
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To  find  what  values  ought  to  be  observed  if  add  could  be  eliminated 
without  appearance  of  hydrolysis,  we  have  in  Fig.  2  plotted  potentials 
for  selected  values  of  the  concentration  ratio  against  the  several  concen- 
trations of  add  employed,  and  extrapolated  to  zero  concentration  of 
add.  Values  taken  from  the  smoothed  curves  are  used  in  preference 
to  experimental  points,  and  are  given  in  Table  II. 

Tabi,b  II. 


Sn^v. 

Sniv. 

Poten 

tial  in  millii 

rolta. 

Snn 

1.00  «. 

2.0011. 

5.26  ». 

O.IO 

— 1 .00 

385 

374 

339 

0.30 

— 0.70 

394 

383 

342 

0.30 

— 0.52 

399 

388 

355 

0.50 

— 0.30 

406 

395 

362 

1. 00 

0.00 

415 

404 

373 

2.00 

0.30 

424 

413 

383 

3.00 

0.48 

430 

419 

389 

5.00 

0.70 

436 

425 

396 

10.00 

1. 00 

445 

434 

406 

The  graphs  are  nearly  straight  lines,  so  that  no  unusual  risk  is  involved 
in  the  extrapolation  to  zero  acid  concentration.  The  dotted  line  in  Fig.  i 
shows  these  ideal  stannic-stannous  potentials,  which  can  never  be  realized 
experimentally. 

It  is  instructive  to  calculate  the  slopes  of  the  several  lines,  considering 
the  whole  length  in  each  case,  and  to  compare  them  with  the  ideal  slope 

of  the  line  representing  the  equation  t  =  a  +  0.029  log  5 ,  where 

Sn" 

Sn*"*        Sn^^    a^^  a^ 

SF-  =sS-ii-^-^'^«^x'ti>«~tio  of  the  dissociation  constants, 

to  be  invariable,  a  condition  which  is  almost  realized,  apparently. 

Concentration  of  Ha.  Ofi.  1.0 ».         2.0 ».        5.26 ».      •   IdeaL 

Sniv 
Slope,  At/A  log  —ff     0.030     0.030     0.030     0.033     0.0295 

Hydrochloric  acid  represses  the  ionization  of  stannic  chloride  and  also 
of  such  complex  ions  as  SnCl«'  formed  by  the  reaction 

Sncu  +  2cr  :j:±  sncu' 

more  than  the  ionization  of  the  corresponding  stannous  compounds.^ 

As  there  is  no  hydrolysis  to  check,  increasing  add  concentration  causes 
^iv  gjj.... 

-r==-,  and,  therefore, >  to  fall  off,  which  is  demonstrated  by  the  in- 

a"  Sn-  -^ 

Sn^ 
creasing  slope  obtained  from  the  quotient  Ar/A  log  q-^f* 

^  See  YoufXjSt  I'his  Journal,  23,  21  (1901),  and  Engel,  Ann.  Mm.  phys.,  X7>  Si^ 
(1889). 
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Effect  oj  Varying  Total  Tin  Concentration.-Aleas  were  also  observed 
containing  but  half  the  usual  concentration  of  tin,  that  is,  one-eighth  of 
a  gram-atom  of  tin  per  liter  of  normal  hydrochloric  add. 

Table  III. 

Solution  No.  3. 

14.85  g.  tin  per  liter.    0.999  ^  hydrochloric  add. 


Cell 
No. 

Sn«v. 
Son 

Sniv 
^^Siin 

Time. 

V  in  mllttToltt. 
At  rest.       Stirrinf . 

3 

0.0487 

—1. 31 

67 

374 

384 

I 

0.0668 

—1.18 

67 

379 

389 

X 

0.2865 

-^.54 

42 

393 

400 

2 

0.3560 

—0.45 

42 

397 

400 

S 

1.365 

0.14 

24 

413 

I 

2.375  * 

0.38 

24 

427 

2 

5.975 

0.78 

24 

438 

439 

These  values,  if  plotted  as  points  in  Fig.  i,  would  mingle  with  those 

found  for  twice  this  concentration  of  tin  in  normal  add.    By  subtracting 

Sn^ 
from  a  number  of  potentials  the  quantity  0.029  log  ^-jj  all  are  reduced 

to  a  hypothetical  condition  where  the  concentration  ratio  equals  unity. 

Average. 

28.8  g.  perl 415     414    417    419    416    420    414    415 

14.4  g.  perl 413     414    409    410    409    416    415    412 

Thus  it  is  shown  that  slightly  more  dectronegative  values  result  in 
the  more  dilute  tin  solution.  Here  the  excess  of  chloride  ions  left  free 
to  repress  the  ionization  of  the  stannic  chloride  and  of  its  complexes  is 

gjjIV.. 

greater,  and  so  the  ratio  ^j is  decreased.    The  diflference,  however, 

on" 

does  not  greatly  exceed  the  limit  of  error  of  observation,  and  more  ex- 
haustive study  would  be  necessary  to  settle  the  question  even  qualita- 
tivdy,  much  more  so  quantitativdy. 

Until  the  degree  of  dissodation  of  the  several  stannic  and  stannous 
compounds  involved,  such  as  SnCU,  SnCU',  HjSnCU,  SnCls,  SnCU', 
HSnCls,  are  known,  it  is  impossible  to  imravd  the  various  factors  influencing 
the  potentials.  Were  even  a  part  of  these  known  the  above  measure- 
ments would  hdp  to  evaluate  the  rest.  Meanwhile,  mathematical  treat- 
ment is  altogether  uncertain. 

The  work  described  in  this  paper  was  carried  out  in  the  spring  of  1913, 
with  the  exception  of  the  measurements  in  twice  normal  add,  which 
were  made  in  the  summer  of  19 14. 

Stunmary. 

Merciuy  is  preferable  to  platinum  in  the  measurement  of  oxidiaing 
potentials  of  low  intensity.    Results  are  more  quickly  obtained^  and 
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suffer  less  from  irregularities  in  surface  energy  of  the  electrode  and  the 
presence  of  traces  of  oxygen. 

The  potentials  of  mixtures  of  stannic  and  stannous  chlorides  containii^ 
one-quarter  of  a  gram-atom  of  tin  per  Uter  in  hydrochloric  add  of  three 
concentrations  were  measured  at  mercury  electrodes  at  25  ®.  The  probable 
error  is  about  two  millivolts. 

Halving  the  total  tin  concentration  makes  the  potential  very  slightly 
more  electronegative;  it  seems  to  be  nearly  independent  of  the  total  tin 
concentration,  other  things  being  equal. 

By  extrapolation  to  zero  concentration  of  acid,  results  are  obtained 
which  should  be  largely  unaffected  by  uncertainties  due  to  hydrol)rsis 
and  to  the  single  potential  at  the  boundary  between  the  cell  Uquid  and 
the  indifferent  electrol)rte. 

Up  to  two  moles  of  hydrochloric  add  per  liter,  the  potentials  are  quite 
accuratdy  expressed  by  the  formula 

T  «=  0.426  -f-  0.030  log  r-jf  —  o.oii  X  cone.  HCl, 

provided  sufficient  acid  is  added  to  check  hydrolysis. 

Curves  showing  the  rdations  existing  among  the  several  variables  are 
discussed  in  the  hght  of  present  knowledge  of  solutions  of  stannic  and 
stannous  chlorides. 

Cambszdgs.  Mass. 


[contiubution  from  the  rockefbllsr  instituts  for  msdical  rsssarch,  nsw 

York.    Department  of  Experimental  Biology.  ] 

STUDIES  ON  A  NEW  KIND  OF  E.  M.  F. 

By  RSZNBAXD   BSUTNSR. 

Received  July  28.  1914. 

I.  Introductory  Remarks. 

I.  It  was  shown  by  the  author^  in  previous  conununications  that  it  is 
possible  to  compose  galvanic  cells  of  water-immiscible  organic  substances 
and  aqueous  solutions  without  metals,  which,  in  certain  points,  exhibit 
properties  like  the  well-known  galvanic  cells  of  which  metals  are  the  most 
essential  component.  The  most  important  aim  of  a  systematic  study  of 
these  phenomena  is  the  artificial  reproduction  and  the  explanation  of  the 
electrical  properties  of  living  tissues,  since  it  is  well  known  that  these 
also  produce  e.  m.  f.  resembling  e.  m.  f.  of  metals.  This  fact  was  well 
established  by  electrophysiologists  long  ago,  for  the  magnitude  of  the 
e.  m.  f.  produced  by  tissues  resembles  that  of  ordinary  galvanic  cells;  the 
same  is  foimd  to  hold  for  the  cell-systems  described  here. 

An  experimental  investigation  tmdertaken  at  the  suggestion  of  Dr. 
J.  Loeb  by  the  author*  had  shown  this  similarity  of  e.  m.  f.  produced  by 

>  This  Journal,  35,  344  (1913);  ^-  Electrochem.,  19,  467  (1913). 
*  Science,  34^  884  (1911);  Biochem,  Z.,  41,  i  (i9i2)* 
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tissues  and  metals  in  a  still  more  striking  form,  for  it  was  found  that  a 
quantitative  law  especially  characteristic  for  metals  (Nemst's  formula) 
could  be  applied  to  tissues.  The  experimental  method  used  for  this  ptu:- 
pose  may  briefly  be  described  as  follows:  A  leaf  or  the  fruit  of  a  plant 
is  brought  in  contact  on  two  points  with  two  solutions  of  the  same  salt 
(i.  e.,  KCl)  in  different  concentrations;  the  two  salt  solutions  are  connected 
by  means  of  impolarizable  electrodes  to  a  measuring  instrument  and  the 
e.  m.  f.  observed.  iPhis  e.  m.  f .  depends  on  the  ratio  of  the  two  concen- 
trations according  to  Nemst's  formula.  The  observation  thai  a  similar 
e.  m.  /.  can  be  produced  without  metals  or  without  tissues  by  means  of  a  pure 
organic  substance  (salicylic  aldehyde)  was  ihe  first  step  which  led  the  author 
to  a  systematic  study  oj  cell  combinations  with  immiscible  substances.  Nat- 
urally not  all  of  these  combinations  have  a  direct  bearing  on  electrophysi- 
ological problems,  but  they  serve  to  give  a  more  complete  knowledge  of 
the  fundamental  phenomena  upon  which  dectrophysiology  is  ultimately 
based. 

These  investigations  may  also  interest  the  organic  chemist  since  it  is 
found  that  the  chemical  constitution  of  the  organic  substances  plays  a 
most  important  role  in  their  action  in  such  cell  systems.    Such  a  com- 


^r^ 


bined  application  of  or- 
ganic and  physical  chem- 
istry is  able  to  solve  prob- 
lems which  hitherto  have 
been  looked  at  as  strictly 
vital. 

2.  Since  cell  combina- 
tions of  the  kind  described 
have  been  very  rarely  in- 
vestigated by  previous 
authors  it*  may  be  well 
to  describe  first  the  experi- 
mental method.  The  ap- 
paratus used  is  sketched 
in  Fig.  I.  An  S-shaped 
tube  (a)  is  connected  on  one  side  with  a  calomel  electrode;  it  is  filled 
in  the  upper  part  with  i/iKCl  solution  and  in  the  lower  broader 
part  with  salicylic  aldehyde  which  is  satiu*ated  with  saUcylic  acid.  This 
lower  part  is  then  immersed  in  a  series  of  beakers  containing  various 
solutions.    Another  calomel  electrode  is  connected  by  means  of  a  syphon 

*  Among  these  investigations  I  wish  to  mention  here  those  by  M.  Cremer,  *'0n 
Nitrobenzene  Diphasic  Cells"  [Z.  Biol.,  47,  i  (1906)]  and  those  by  Haber  and  Klemer- 
siewig's  "On  Benzene  (and  Toluene)  Cells"  [Z.  physik.  Chem.,  47,  385  (1908)).  Some 
hypotheses  put  forward  by  these  authors  will  be  discussed  in  the  following  papers. 


toihti 


Fig.  I. 
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with  this  beaker  and  the  e.  m.  f .  of  the  arrangement  is  observed  with  various 
solutions  successively. 

If  we  immerse  the  tube  containing  salicyUc  aldehyde  successively  in 
series  of  KCl  solutions  of  varying  concentrations,  the  following  is  observed: 


Concentration  of  the 

CCl  in  which  the  tube 

was  immersed. 

B.  M.  p.  obsenred  in 
milUvolt. 

Time  in  minutes 
allowed  for 
observation. 

M/lO 

4-12  to  13 

o'toi' 

M/SO 

+37 

3' to  4' 

M/2SO 

+62 

7' to  9' 

M/12SO 

+96 

11' to  12' 

M/62SO 

+137 

17'  to  19' 

M/12SO 

+96  to  95 

20'  to  23' 

M/2SO 

+61  to  60 

26' to  73' 

M/so 

+32  to  31 

78' to  81' 

M/io 

+  7 

84'  to  86' 

M/2 

—14 

88'  to  90' 

2.5  M 

—32  to  33 

95'  to  97' 

M/2 

—15 

103'  to  104' 

M/10 

+  7 

107' to  108' 

(The  sign  signifies  the  polarity  of  left  side  in  diagram.) 

These  figures  show  to  which  degree  such  measiurements  are  accmute 
and  reproducible. 

The  change  of  the  e.  m.  f .  of  the  system  can  only  be  due  to  the  change  of 
a  potential  difference  located  at  the  junction  of  the  saUcylic  aldehyde  and 
the  aqueous  solution;  the  potential  difference  located  at  the  junction  of 
the  i/i  KCl  solution  of  the  calomel  electrode  and  the  variable  KCl  solution- 
is practically  zero  and  constant  as  the  velocity  of  migration  is  practically 
equal  for  K'  and  Cl'.^ 

The  magnitude  of  this  change  is  as  follows: 

Between  2Vt  M    and  M/2  i8  Millivolt 

M/2        and  M/10  21  Millivolt 

M/io     and  Af/50  24  Millivolt 

M/50     and  JI//250  28  Millivolt 

M/250   and  M/i2^o  34  Millivolt 

M/i2$o  and  Jlf/6250  41  Millivolt 

As  the  ratio  of  the  concentrations  is  i  :  5  in  all  cases,  the  value  calculated 
from  Nemst's  formtda  would  be  58  In  5  =  40  millivolt;  it  is  seen  that  the 
values  observed  gradually  approach  this  value  with  decreasing  concen- 
trations. It  is  important  that  this  observation  can  be  explained  on  the 
basis  of  theoretical  considerations  as  shall  be  explained  later. 

These  observations  on  cells  containing  salicyUc  aldehyde  as  a  middle 

conductor  also  were  the  first  instance  of  the  artificial  imitation  of  the 

^  A  well-known  theory  of  Nemst  states  that  this  diffusion  potential  equals 

-—  In  -,  smce  in  oiu-  case  t*  and  v  are  practically  equal,  the  diffusion  potential 

u  -{-  V  F       Ct 

is  zero  in  all  cases. 
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electrode-like  potential  differences  between  some  living  tissues  and  aqueous 
solutions,  for  the  magnitude  and  direction  of  the  e.  m.  f .  is  the  same  in 
both  cell  arrangements. 


—  concentrated  salt  solution 

—  concentrated  salt  solution 


diluted,  salt  solution  + 
diluted  salt  solution  + 


plant 
salicylic  add 

Purther  investigations  have  shown  that  a  number  of  other  water-im- 
miscible liquids  show  a  similar  behavior,  e.  g.,  fatty  adds  mixed  with 
substituted  phenols.^ 

3.  The  theoretical  explanation  for  these  phenomena  given  in  previous  - 
commtmications  was  based  on  a  thermodynamic  formtda  of  Nemst  and 
of  Haber,  stating  that  the  potential  difference  at  the  junction  of  two  im- 
miscible electrolytic  phases  (such  as  an  aqueous  solution  and  salicylic 
aldehyde)  equals  RT/nF  In  Ci/ct,  const,  where  Ci  and  Ct  signify  the  ionic 
concentrations  of  the  same  ion  in  the  two  respective  phases,  i.  e.,  the  K* 
concentration  in  water  and  in  the  salicylic  aldehyde.  The  latter  is  due 
to  a  partition  or  slight  solubiUty  of  the  K*  salt  in  the  saUcylic  aldehyde. 
The  partition  of  KCl  between  water  and  salicylic  aldehyde  is,  however, 
not  satisfactorily  explained  by  the  simple  well-known  law  of  partition, 
according  to  which  the  K*  concentration  in  water  and  in  salicyUc  aldehyde 
(ci/ci)  should  be  constant.  For  if  this  were  so,  the  potential  difference 
should  not  change  if  the  aqueous  concentration  is  changed,  according  to 
the  thermodynamic  formula  cited  above.  The  fact  that  the  potential 
difference  does  vary  indicates  that  the  partition  is  of  a  more  complicated 
nature.  The  assumption  was  put  forward  in  previous  papers  of  the  author 
that  a  chemical  reaction  between  salicylic  add  (in  the  aldehyde)  and  KCl 
was  the  cause  of  the' complicated  partition.  This  view  was  supported 
by  other  observations  based  upon  measurements  with  various  other  water- 
immisdble  electrolytic  conductors. 

In  the  following  papers  these  theories  will  be  also  controlled  by  measure- 
ments of  the  conductivity  in  the  non-aqueous  phase,  by  measurements 
by  distribution  and  various  dectromotive  phenomena  not  described 
previously. 

4.  A  brief  review  seems  also  justified  concerning  the  thennod3aiamic 
derivation  of  the  fundamental  formula  E  «  RT/nF  In  Ci/cs  const,  (dted 
above)  at  phase  junctions.^    In  order  to  derive  this  formula  we  consider 

^  This  formula  was  first  put  forward  by  Nemst  (Z.  physik.  Chem.,  9,  385  (1892)). 
Haber,  however,  first  described  those  experiments  which  showed  the  usefulness  of  this 
theory  in  a  way  which  was  not  easy  to  predict  from  Nemst's  theoretical  explanations 
(Ann,  Physik.,  [4]  26,  947  (1908)).  Compare  also  Beiitner,  Trans.  Am.  Electrochem, 
Soc.,  21,  2191   (1912). 

a  cell  system  of  the  following  general  type: 

metal    |    phase  I  contaming  M*    |    phase  II  containing  M*    |    metal  (lis  before). 

» J.  Loeb  and  R.  Bcutner,  Biochem.  Z.,  5X,  288  (1913). 
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(M*  denotes  electrolytic  ions  of  the  metal  which  acts  as  the  electrode  at 
both  ends.)  It  is  supposed  that  the  two  electrolytic  phases  are  in  equilibrium 
with  each  other  as  well  as  with  the  metal.  Then  Ike  e,  m.  /.  of  the  whole  cell 
must  equal  zero,  since  it  is  not  possible  to  bring  about  any  change  in  this  system 
even  with  a  current  passing  through  it.  This  simple  fact  makes  it  possible 
to  calculate  the  potential  difference  located  at  the  jmictions  of  tiie  elec- 
trolytic phases.  The  potential  difference  between  the  left-hand  electrode 
and  Phase  I  is,  according  to  Nemst's  theory,  RT/nF  In  Ci.  const/  (where 
Ci  is  the  ionic  concentration  of  M'),  and  the  potential  difference  between 
the  right-hand  electrode  and  Phase  II  is  RT/nF  In  ct .  const/' 

As  the  total  e.  m.  f.  of  the  system  must  be  zero,  the  difference  of  these 
two  volumes  must  equal  the  e.  m.  f.  located  at  the  junctions  of  the  two 
phases.  This  difference  is  RT/nF  In  Ci/c2  .  const.i/const/  or  RT/nF  In 
Ci/ci  const.,  as  stated  above. 

We  therefore  conclude  that  tiie  potential  difference  at  Ike  junction  of  ike 
two  phases  does  not  depend,  in  any  way,  on  ionic  mobility  as  does  the  potential 
difference  between  miscible  solutions,  but  must  have  properties  characteristic 
of  potentials  at  metallic  electrodes. 

Haber^  first  devised  a  method  for  directly  demonstrating  this  property 
of  "phase  potentials."  The  featiu*e  of  the  method  is  that  one  of  the 
concentrations  Ci  and  C2  is  maintained  constant,  while  the  other  is  varied. 
This  can  be  done,  if  the  salt  whose  concentration  is  varied  is  soluble  in  one 
phase  only. 

To  fulfil  this  condition  he  used  as  Phase  I  an  aqueous  solution  of  HgNQt 
and  as  Phase  II  an  insoluble  salt  with  the  same  ion,  for  instance,  HgCl. 
The  e.  m.  f.  of  the  following  combination  is  measured: 

Calomel  electrode  |  solid  HgCl  |  HgNO»  aqueous  solution  |  Calomel  electrode 

If  the  concentration  of  the  HgNOs  solution  in  this  cell  is  varied,  the 
ionic  concentration  of  the  solid  HgCl  la3rer  will  not  be  affected.  Nor 
will  it  have  any  considerable  effect  on  the  potential  difference  between 
the  HgNOs  solution  and  the  right-hand  calomel  electrode,  since  no  "phase 
potential"  exists  there.  Hence  the  e.  m.  f.  of  the  whole  system  must  vary 
with  the  Hg*  concentration  according  to  the  logarithmic  law,  just  as  in 
the  case  of  a  metallic  electrode. 

This  was  shown  by  experiment  to  be  very  exactly  true.  The  concen- 
tration of  Hg*  was  changed  over  a  large  range  by  employing  NaCl  solutions 
satiu-ated  with  HgCl  (instead  of  the  HgNOs)  solution.  As  is  well  known 
the  Hg*  concentration  of  such  a  NaCl  solution  is  exceedingly  small  and 
yet  very  acciu^tely  defined. 

Experiments  of  the  same  kind  were  made  with  other  insoluble  salts, 
like  AgCl  and  CaS04,  and  their  ions  in  aqueous  solutil^n,  and  the  same  re- 
sults were  obtained. 

*  Loc,  cU.,  Ann,  Physik,  26,  947  (iSK)8). 
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Further,  Haber  and  Klemensiewics^  made  experiments  on  phase  po- 
tentials of  this  kind  varying  the  H*  concentration.  Both  phases  con- 
tained water  in  their  experiments.  For  instance,  if  Phase  I  is  ice,  and 
Phase  II  is  water,  then  only  in  Phase  II  adds  and  bases  are  soluble,  per- 
mitting a  variation  of  the  H*  concentration.  For  Phase  I,  instead  of  ice, 
such  materials  as  glass  or  solutions  of  water  in  organic  solvents  (like  benzene) 
were  taken.  Haber's  hypothesis,  however,  that  potential  differences 
existing  in  living  tissues  are  also  reversible  for  H*  icms  could  not  be  verified. 

5.  It  may  be  remarked  that  another  interesting  investigation,  which 
illustrates  the  similarity  between  e.  m.  f .  at  phase  junctions  and  at  metallic 
electrodes,  relates  to  cell  systems  built  up  from  solid  salts.*  By 
means  of  such  cells  it  is  possible  to  measure  the  free  energy  of  reactions 
between  solid  salts  without  the  aid  of  metals.  Recently  the  author  has 
carried  this  idea  one  step  further  by  discussing  the  question  whether 
definite  chemical  reactions  could  be  subjected  to  a  measurement  of  their 
e.  m.  f .  by  means  of  cell  systems  containing  phase  junctions.  The  re- 
sult of  this  (theoretical)  investigation  is  that  even  such  reactions  could- be 
measured  as  the  formation  of  a  salt  hydrate  from  a  soUd  salt  and  water. 
Such  electrometric  measurements  have  never  been  carried  out  previously, 
because  the  electric  function  of  the  phase  junction  has  been  entirely 
disr^;arded,  the  usual  electrochemical  investigation  bearing  only  on  cells 
with  aqueous  electrolytes  and  metals. 

It  seems  probable  that  the  helpless  condition  of  the  electrophysiologist, 
when  endeavoring  to  utilize  the  results  of  physical  investigations  in  his 
own  science,  is  also  due  to  the  restricted  applicabiUty  of  the  older  electro- 
chemistry. The  following  sentence  quoted  from  L.  Herrmann's  handbook 
of  physiolog3r'  expresses  the  realization  of  what  has  tiH  now  been  lacking. 
He  says  on  page  170  "The  hope  of  gaining  an  understanding  for  the  physical 
nature  of  the  potential  differences  mentioned  has  not  so  far  been  fulfilled."- 

Nsw  You,  N.  Y. 


STUDIES  ON  A  NEW  KIND  OF  E.  M.  F. 
n.  Cell  Arrangements  of  Aqueous  and  Nitrobenzene  Solutions  Contain- 
ing One  Common  Ion  in  Both  Phases. 

BT  RBIMHAItD  BSUTNSK. 

Received  July  28.  1914. 

(i)  The  experiments  and  the  theoretical  considerations  described  above 
have  proved  the  existence  of  interphase  potential  differences  with  proper- 
ties resembling  electrode  potentials.  The  nature  of  (diffusion)  potential 
differences  existing  in  non-aqueous  solutions  at  the  contact  of  two  different 
ionic  concentrations  will  be  discussed  in  this  paper. 

»  Z,  physik,  Chem.,  67,  385. 

>  Compare  Beutner,  Z.  Electrochem.,  15,  433  (1908). 

'  14th  Edition,  Berlin,  19x0. 
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The  study  of  aqueous  solutions  has  shown  that  such  diffusion  potentials 
depend  on  the  velocity  of  migration  of  positive  and  negative  ions;  the 
theory  of  Nemst  and  Planck  which  makes  their  calculation  possible,  is 
well  understood.  At  the  jtmction  of  two  electrol3rtes  of  different  con- 
centrations the  potential  difference  (according  to  this  theory)  equals 


u-\-vnF       c%' 

An  appreciable  diffusion  potential  can  therefore  occur  in  such  cases  only 
where  the  velocities  of  the  negative  ion  (v)  and  the  positive  ion  (m)  are  so 
different  that  the  quantity  u  —  v/u  +  v  is  of  considerable  magnitude; 
such  is  not  the  case  in  aqueous  solutions  (with  the  exception  of  adds  and 
bases  only).  It  will  be  shown  in  this  paper  that  electroljrtic  solutions  in 
nitrobenzene  exhibit  a  behavior  similar  to  aqueous  solutions.  The  e.  m.  f . 
of  sjrstems  composed  of  aqueous  and  water-immisdble  electrolytes  is, 
therefore,  primarily  due  to  the  potential  differences  existing  at  the  junction 
of  the  inmiiscible  phases. 

I;  Objections  to  Ostwald's  Theory  of  Selected  Ionic  Permeability  and 
to  Cremer's  Experiments. 

(2)  This  fact  is  contradictory  to  the  conception  of  some  physiologists 
who,  recognizing  the  possible  importance  of  water-immisdble  layers 
(or  membranes)  for  the  production  of  electric  currents  by  tissues,  have 
tried  to  explain  their  action  by  assuming  that  the  positive  and  negative 
ions  have  a  very  different  mobility  in  these  membranes,  thus  producing 
diffusion  potentials.  This  view  is  based  upon  a  hypothesis,  put  forward 
in  a  preliminary  form  by  Ostwald,*  according  to  which  a  selective  ionic 
permeability  of  membranes  is  the  cause  of  ph3rsiological  currents.  This 
hypothesis  was  not,  however,  accepted  by  most  physical  chemists  and 
was  disproved  by  Walden^  working  in  Ostwald's  own  laboratory. 
*  The  observation,  which  Ostwald  quotes  in  support  of  his  h3rpothesis, 
can  be  easily  explained  in  some  other  way,  i.  e.,  the  precipitation  of  Cu 
metal  which  he  describes  may  be  a  kind  of  stenolysis,  also  the  polarization 
observed  is  not  necessarily  due  to  an  impermeability  for  kations.  The 
one-sided  passage  of  cturent  observed  on  the  boundary  of  coagulated 
protein  and  a  precipitating  aqueous  solution  may  simply  be  due  to  a  high 
specific  resistance  of  the  layer  of  precipitate  or  membrane,  which  is  formed 
or  dissolved  according  to  the  direction  of  cmrent. 

Nevertheless,  the  theory  was  accepted  by  some  physiologists.' 

^  Z.  physik.  Chem,,  6,  71   (1890). 

*  Walden,  Ihid.,  xo,  699  (1892).  Compare  also  Tammanti,  GdUingen  Nachrichiem, 
6,  213  (1891).  Nernst  objects  to  the  theory  of  selective  ionic  permeability  from  a  theo- 
retical standpoint  (Pflfiger's  Archiv,,  122,  307  (1908)). 

*  Compare  H6ber,  PhysikaUsche  Chetnie  der  Zdle  und  Gewebe,  lAeptdg,  xpxx  (page 
477  f.f.)  (Bernstein's  membrane  theory). 
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M.  Ciemer^  tried  to  make  Ostwald's  conception  of  a  selective  ionic 
permeability  of  the  ''membranes"  clearer  by  means  of  the  assumption 
described,  according  to  which  the  mobility  of  the  positive  and  negative 
ions  in  the  membrane  is  largely  different.  In  order  to  find  an  experimental 
proof  for  this  view  he  experimented  on  solutions  of  picric  add  in  nitroben- 
zene and  measured  the  e.  m.  f.  of  the  following  arrangement: 


+  JI//8  NaCl  solution  NUroberuene 

saturated  witli    without  picric 
picric  add  acid 

obs.:  o.x  yolt  (not  constant) 


M/S  NaCl  aqueous 
solution — 


If  really  the  change  of  the  concentration  of  the  picric  add  in  the  nitro- 
benzene causes  this  e.  m.  f .  (diffusion  potential)  the  condusion  would  seem 
necessary  that  the  anion  of  the  picric  add  has  a  very  much  larger  mobility 
than  the  H'.  This  result  would  certainly  be  most  striking,  for  in  aqueous 
solutions  the  vdodty  of  the  H*  ion  far  exceeds  that  of  all  anions,  as  is 
well  known.    Therefore,  all  arrangements 

—  concentrated  add  —  diluted  add  -f 

(aq.)  (aq.) 

or 

—  concentrated  add  —  pure  water  + 

(aq.) 

produce  e.  m.  f .  of  the  opposite  direction.* 

It  is  possible,  however,  to  show  that  diffusion  potentials  and  ionic 
mobilities  have  nothing,  or  very  little,  to  do  with  the  e.  m.  f .  produced 
by  Cremer's  nitrobenzene  cell,  but  that  the  junction  of  the  aqueous  solu- 
tions and  the  nitrobenzene  produces  nearly  the  total  e.  m.  f .  of  the  system, 
Jor  the  nitrobenzene  saturcUed  with  picric  acid  takes  up  sodium  saUs  to  a  much 
larger  extent  than  nitrobenzene  containing  no  picric  acid,  and  large  interphase 
potential  differences  must  be  produced  in  this  way,  which  account  for  the 
e.  m.  /.  observed. 

To  prove  this,  nitrobenzene  with  and  without  addition  of  picric  acid  was 
shaken  for  15  hours  with  M/8  sodium  chloride  solution,  resp.,  with  water 
and  the  increase  of  conductivity  was  measiu-ed.  It  was  found  that  the 
conductivity  of  piu'e  initrobenzene  was  approximatdy  the  same  whether 
it  was  shaken  with  water  or  with  sodium  chloride  solution ;  the  conductivity 
observed  was  very  small  in  both  cases  and  diflScult  to  determine  accuratdy 
(about  0.015  rec.  megohms).  A  20%  solution  of  picric  add  in  nitrobenzene 
however,  showed  a  marked  increase  in  conductivity: 

» Z.  Bid.,  47.  I  (1906). 

*  It  must  be  said  that  Cremer  himself  seems  doubtful  as  to  whether  really  the 
ionic  mobilities  of  positive  and  negative  ions  are  reversed  in  nitrobenzene.  He  proposes 
his  explanation  as  a  working  hjrpothesis  only;  his  interesting  investigation  does  not  be- 
come less  valuable  therefor  by  the  modified  explanation  given  here. 
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20  cc.  20%  picric  acid  in  nitrobenzene  shaken  for  15  hours  at  room  temperature 
with  100  cc.  distilled  water:    3.26  rec.  megohms  (at  25^). 

20  cc.  20%  picric  add  in  nitrobenzene  shaken  tmder  the  same  conditions  of  tem- 
perature with  100  cc.  Jlf/8  NaCl  solution:    4. 73  rec.  megohms  (at  25 **). 

This  difference  of  conductivity  is  likely  to  be  due  to  f onnation  of  sodium 
ions  in  the  nitrobenzene  in  the  second  experimenti  or  to  the  formation  of 
a  sodium  picrate.  This  is  supported  by  the  observation  that  pure  nitro- 
benzene shows  an  increase  of  conductivity  of  the  same  order  of  magnitude 
after  shaking  with  a  very  dilute  sodium  picrate  solution: 

20  cc.  nitrobenzene  shaken  under  the  same  conditions  as  above  with  100  cc.  of  a 
if/ 1 00  sodium  picrate  solution:    3.7  rec.  megohms  (at  23"). 

Another  proof  for  this  formation  of  sodium  picrate  is  f otmd  in  the  fact 
that  the  solution  of  picric  add  behaves  similarly  to  salicylic  aldehyde; 
in  contact  with  aqueous  sodiiun  chloride  solutions  of  different  concen- 
trations the  potential  difference  changes  in  the  same  direction;  the  con- 
clusions mentioned  on  page  2043  tend  to  show  that  this  phenomenon  also 
is  due  to  a  formation  of  sodium  picrate,  dissolved  in  the  nitrobenzene  to 
some  extent  when  equilibriiun  at  the  phase  junction  is  established. 

Cremer's  cell  arrangement  is  therefore  a  concentration  cell  with  respect 
to  Na*  ions: 


•f  aqueous  M/Z  NaCl 


aqueous  Jlf/8  NaCl  — 


Nitrobenzene 
high  Na'  concen-     low  Na*  con- 
tration   due    to    centration 
picric  add  ^ 

The  direction  of  the  e.  m.  f .  of  this  system  would  be  such  as  indicated, 
a  quantitative  calculation  is  scarcely  possible  as  the  system  is  not  well 
defined. 

Since,  in  this  case,  the  junction  of  the  aqueous  and  the  nitrobenzene 
solutions  produces  the  e.  m.  f.,  and  not  the  junction  of  the  two  different 
nitrobenzene  solutions,  no  conclusions  concerning  a  largely  different  mobil- 
ity of  positive  and  negative  ions  in  nitrobenzene  can  be  drawn. 
n.  Ionization  in  Nitrobenzene. 

(3)  The  starting  point  of  the  experiments  described  in  this  paper  are 
measurements  which  make  a  direct  application  of  the  fundamental  formula 

nF        Ct 
const,  at  phase  junctions  possible,  and  allow  the  deduction  of  dear  con- 
clusions.   Something  about  the  ionization  in  the  nonaqueous  solvent  must 
be  known  for  this  ptupose.^ 

Although  we  are  very  well  informed  concerning  ionic  concentrations  of 
aqueous  solutions,  very  little  is  known  concerning  ionic  concentrations  in 
1  Nitrobenzene  is  chosen  as  the  water-immisdble  solvent  in  most  of  the  experi- 
ments, as  it  may  be  secured  alt  low  cost  in  large  quantities  and  produces  a  sufiKcient 
conductivity  to  make  measurements  of  the  e.  m.  f .  possible. 
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an  organic  solvents  which  mix  incompletely  with  water.  The  reason  is 
that  tiie  methods  and  laws  established  for  aqueous  electrolytes  are  not 
always  otherwise  applicable,  as  investigations  on  conductivity  of  non- 
aqueous solutions  have  demonstrated.  Some  preliminary  tests  were, 
therefore,  tmdertaken  for  the  purpose  of  determining  which  substances 
would  produce  a  particularly  high  electric  conductivity  if  dissolved  in  a 
water-inuniscible  organic  fluid.  It  was  found  that  all  bases  and  acids, 
even  those  which  are  the  best  conductors  in  aqueous  solutions  (like  picric 
add),  never  produce  any  appreciable  conductivity  in  substances  like 
phenol,  nitrobenzene  or  benzaldehyde;  mixtures  of  adds  and  bases,  how- 
ever, have  a  conductivity  whidi,  in  a  i/i  g.  molecular  solution  is  about 
one  htmdred  or  one  thousand  times  larger;  this  is  without  doubt  due  to 
the  formation  of  a  salt-like  compound,  just  as  in  aqueous  solutions  salts 
may  have  a  higher  conductivity  than  the  (weak)  adds  and  bases  from 
which  they  are  formed.  It  seems,  therefore,  as  if  all  adds  and  bases  are 
"weak"  dectrolytes  in  water-immisdble  solvents.  The  comparativdy 
high  conductivity  of  salts  exists  in  both  cases  in  a  qualitativdy  similar 
fashion. 

These  electrical  properties  of  nonaqueous  solutions  can  best  be  demon- 
strated with  substituted  anilines  as  bases;  a  strong  add  like  salicylic  acid 
or  picric  add  must  also  be  employed. 

The  following  approximate  measurements  may  serve  as  an  example: 
The  nitrobenzene  employed  without  additions  had  a  specific  conductivity 
of  o.oi  rec.  megohms  at  30^;  dissolving  dimethyl-(>-toluidine  in  a  molecular 
concentration  (135  g.  in  a  liter)  increased  the  conductivity  up  to  0.09  rec. 
megohms  (/  =  30**);  dissolving  salicylic  add  (molecular  concentration) 
alone  increased  up  to  3.5  rec.  megohms  (<  =  65**).^  A  nitrobenzene 
solution,  however,  which  contained  both  dimethyl  toluidine  and  salicylic 
add  in  a  molecular  solution  showed  a  conductivity  of  430  redprocal 
megohms.  This  very  large  increase  in  conductivity  is  certainly  due  to  a 
formation  of  a  salt-like  combination  (dimethyl  toluidine  salicylate)  which 
dissodates  into  dimethyl  toluidine  kations  and  salicylic  add  anions. 
Nothing  definite  concerning  the  degree  of  ionization  can,  however,  be 
determined  by  means  of  measurements  of  conductivity. 

(4)  Another  proof  for  the  presence  of  dimethyl  toluidine  kations  and 
salicylic  add  anions  in  this  mixture  can  be  found  by  means  of  dectrometric 
measurements.    The  potential  difference  at  the  junction 


Sodium  salicylate  in  water  (concentration 
varied) 


Nitrobenzene  containing  dimethyl  tolui- 
dine and  salicylic  add  in  a  mol.  con- 
centration 

was  measured  by  means  of  the  apparatus  described  in  Fig.  i.    Instead 

*  At  30 ^  salicylic  add  is  not  suffidently  soluble  for  a  molecular  solution;  it  may 
be  supposed,  however,  that  the  conductivity  at  30^  would  be  even  smaller. 
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of  salicylic  aldehyde  the  nitrobenzene  solution  was  filled  in  the  U-tube. 
Using  solutions  of  sodium  salicylate  the  following  e.  m.  f.  were  observed 
(constant,  at  room  temperature). 

Concentration  of  sodium  salicylate  solution. 


1/1  n,  1/2  n.  1/4  n. 

E.  m.  f 4-0.0765  volt  +0.053  volt  +0.0355  volt 

This  change  of  the  e.  m.  f.  is  exactly  what  would  be  expected  according 
to  the  interphase  formtda  if  salicylic  acid  anions  were  present  in  the 
nitrobenzene: 

E  ^  —  ]n  ^'^''  ^  °*^<>^°«*>' .  const. 

F  CnL'  in  water 

If  the  concentration  in  nitrobenzene  is  kept  constant,  and  the  aqueous 
concentration  doubled,  the  potential  difference  shotdd  increase  (the  water 
becomes  more  positive).  58  In  2  =  17.5  Milli-volt,  which  is  exactly 
the  value  observed.^ 

It  is  seen  that  by  changing  the  aqueous  concentration  in  this  system,  not  only  the 
potential  difference  at  the  nitrobenzene-water  interphase'  might  vary  but  also  the  diffu- 
sion potential  between  the  i/i  KCl  calomel  electrode  and  the  sodium  salicylate,  the 
change  of  the  latter,  however,  can  be  practically  neglected,  since  K*  and  CI'  and  also 
Na*  and  salicylic  anion  have  very  nearly  the  same  migration  velocity  in  aqueous  solu- 
tions. 

The  total  change  of  the  e.  m.  f.  observed,  therefore,  should  be  located  at  the  nitro- 
benzene-water interphase  and  can  be  calculated  according  to  the  formtila  cited  above. 
If,  however,  the  concentration  of  the  soditun  salicylate  solution  is  decreased  still 
further  the  e.  m.  f.  decreases  to  a  smaller  amount: 
Change  of  the  ooaoentration  from:  Chanfe  of  e.  m.  f.< 

x/4    to  x/8  0.015  volt 

1/8    to  l/l6  0.014  volt 

x/i6  to  x/32  o.oio  volt 

x/32  to  x/64  0.006  volt 

1/64  to  pure  water  0.006  volt  (not  constant) 

This  apparently  is  due  to  the  fact  that  also  pure  water  in  contact  with  our  nitro- 
benzene solution  must  contain  salicylic  add  anions  owing  to  partition  of  dimethyl  tolui- 
dine  salicylate  or  salicylic  add  alone  between  water  and  nitrobenzene;  the  concentra- 
tion of  the  salicylic  anion  in  water  cannot  be  decreased  below  this  value  and  therefore 
the  potential  difference  does  not  decrease  steadily  but  reaches  a  minimum  value,  which 
is  determined  by  the  distribution  of  the  salicylic  add  in  the  equilibrium. 

In  order  to  determine  the  amount  of  salicylic  add  anions  present  in  water  in  equi- 
librium, the  nitrobenzene  solution  was  shaken  with  an  equal  volume  of  distilled  water, 
and  the  conductivity  of  the  water  determined  (  =  2.7.10"*)  (at  /  =  30**);  assuming 

^  This  calculation  is  only  correct  if  the  diffusion  potential  of  the  aqueous  solution 
is  zero,  as  the  sjrstem  really  measured  is  the  following: 


—  calomd  dectrode 


nitrobenzene  cont. 
dimethyl  toluidine 
and»  .salicylic  add 
(concentration) 


aqueous  solution 
containing  soditun 
salicylate  (varying 
concentrations) 


calomd  dectrode  -h 


*  All  these  values  are  constant  and  reversible  with  the  exception  of  the  last  one, 
which  18  rather  difficult  to  determine. 
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that  the  ionic  mobility  of  the  dimethyl  tduidine  kation  and  of  salicylic  acid  anion 
equals  40,  the  order  of  magnitude  of  the  ionic  concentration  may  be  estimated  from 
this  to  equal  about  0.03  m.* 

*This  value, must  be  added,  therefore,  to  the  concentration  of  the  anion  due  to  disso- 
ciation of  sodium  salicylate,  which  is  practically  equal  to  the  total  concentration  of 
sodium  salicylate.    Therefore, 

A  change  of  the  Really  corresponds  to  a  Calculated 

concentration.  change  of  the  concentration.  change  of  e.  m.  f. 

from  1/4    to  1/8  from  0.28    to  0.155  0.0148  volt 

from  1/8    to  1/16  from  0.155  to  0.093  0.013  volt 

from  1/16  to  1/32  from  0.093  to  0.061  o.oio  volt 

from  1/32  to  1/64  from  0.061  to  0.045  0.0065  volt 

from  1/64  to  pure  water  from  0.045  to  0.030  o.oio  volt 

It  is  seen  that  these  values  agree  with  those  observed. 

The  presence  of  dimethyl  toluidine  kations  in  our  nitrobenzene  solution 
can  be  proved  in  an  analogous  way  by  measuring  the  potential  difference 
at  the  junction 

Nitrobenzene  containing  dimethyl  tolui-   I   Dimethyl  toluidine  hydrochloride*  in  aque- 
hne  +  salicylic  add,  const.  |      ous  solution 

The  common  ion  should  be  in  this  case  the  positive  ion  (dimethyl 
toluidine  kation);  therefore,  by  changing  the  aqueous  concentration  the 
change  of  the  e.  m.  f .  observed  should  be  opposite  to  that  observed  with 
sodium  salicylate  in  the  aqueous  solution,  the  magnitude  of  the  change 
should  be  about  the  same.  The  result  of  the  measurement  confirmed 
this  as  the  following  data  show: 

Motecttlar  concentr»- 


tion  of  the  dimethyl 
>htidine  hydrochloride. 

B.  M.  P.  obeenred. 

Difference. 

x/i 

—0.068   volt 

> 0.0x55  volt 

1/2 

— 0.0525  volt 

> 0.0145  volt 

1/4 

— 0.038  volt 

> 0.013  volt 

1/8 

— 0.025  volt 

>o.oo9  volt 

1/16 

— 0.016  volt 

>o. 006  volt 

1/32 

— O.OIO  volt 

>0.002  volt 

1/64  — 0.008  volt 

^  The  total  concentration  of  salicylic  add  was  found  by  means  of  titration  with 
phenolphthalein  to  equal:  0.055  m.  Only  one-half  of  the  total  amount  is,  therefore, 
electrolytically  dissociated.  Since  there  must  be,  however,  a  slight  hydrol3rtic  split- 
ting, producing  free  acid  and  free  salt,  both  of  which  have  a  slow  degree  of  ionization, 
the  rather  low  degree  of  electrolytic  dissociation  in  ioto  might  be  explained. 

*  The  aqueous  solution  of  dimetByltoluidine  hydrochloride  was  prepared  by  shak- 
ing the  calculated  quantity  of  the  base  with  hydrochloric  add.  Owing  to  hydrolytic 
dissociation  this  salt  partly  decomposes  and  a  part  of  the  base  is  left  undissolved. 
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The  magnitude  of  the  change  of  the  e.  m.  f .  observed  is  slightly  smaller 
here  than  in  each  case  with  observations  on  sodium  salicylate.  This  is 
diflScult  to  account  for  by  a  quantitative  theory  as  the  equilibria  in  this 
system  are  also  complicated  through  the  hydrol3rtic  spUtting  of  dimethyl 
toluidine  hydrochloride  in  aqueous  solution,  diffusion  potentials  may  also 
be  produced  in  the  aqueous  solution  by  this  hydrolysis.  In  order  of  magni- 
tude, the  approach  towards  a  limiting  value  at  low  concentrations  and  the 
direction  of  the  change  of  the  e.  m.  f .  are  a  sufficient  proof  for  the  assertion. 

ni.  Nitrobenzene  Concentration  Cells  and  the  Magnitude  of  Diffusion 
Potentials  in  Nitrobenzene. 

(5)  Summarizing  the  results  obtained  so  far,  we  have  proved  the  existence 
of  dimethyl  toluidine  kations  and  salicylic  acid  anions  in  a  nitrobenzene 
solution  of  this  base  and  this  acid:  (i)  by  measurements  of  conductivity, 
{2)  by  studying  the  electrode-like  action  of  the  nitrobenzene  solution.  Those 
experiments  will  now  be  described  in  which  the  ionic  concentration  of  the 
nitrobenzene  solution  is  changed  while  the  aqueous  concentration  is  kept 
constant.  Nitrobenzene  solutions,  of  the  kind  described,  with  considerable 
conductivity  will  be  used  for  these  concentration  cells;  it  can  be  proved  that 
no,  or  very  small,  diffusion  potentials  occur  at  the  junction  of  two  nitrobenzene 
solutions  of  different  concentration.    The  method  used  is  as  follows : 

According  to  the  theory  the  potential  difference  at  the  junction  of  the 
nitrobenzene  solution  and  aqueous  solution  should  change  in  opposite 
directions  whether  the  ion  common  to  both  phases  is  an  anion  or  a  kation; 
the  potential  differences  located  at  the  phase  junctions 

(i )  Nitrobenzene  containing  dimethyl     I     Aqueous  solution  of  sodium  salicylate 

toluidine  +  salicylic  add,  | 

resp. 

(2)  i^t/fo6«fis«ne  containing  dimethyl 

toluidine  +  salicylic  acid 

should  therefore  react  in  an  opposite  sense  to  a  dilution  of  the  nitrobenzene 
solution. 

This  conclusion  could  be  easily  verified  by  meastuing  the  cell  arrange- 
ments 


Aqueous  solutions  of  dimethyl  toluidine 
hydrochloride 


— M/s  sodium  salicylate 
aq.  solution 


Nitrobenzene  con 
toluidine 

M/i 


taining  dimethyl 
salicylate 

M/10 


M/s  soditun  salicylate  -h 
aq.  solution 


obs.:  0.031  volt,  (constant)  at  room  temperature  (20**) 
and 


+  M/s  dimethyl  toluidine 
hydrochloride  aq.  sol. 


Nitrobenzene  con 
toluidine 

Af/i 


taining  dimethyl 
salicylate 

M/io 


M/s  dimethyl  toluidine 
hydrochloride  aq.  sol. 


obs.: 0.0^5  volt  (constant),  at  room  temi)erature  (20*). 
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The  apparatus  tised  for  these  measurements  is  described  in  Pig.  2, 
which  requires  no  ftuther  explanation.  (The  connection  from  both 
aqueous  solutions  to  the  measuring  instrument  electrometer  was  made 
by  means  of  calomel  electrodes  which  did  not  produce  any  new  e.  m.  f., 
since  diffusion  potentials  existing  in  the  aqueous  solutions  must  be  equal 
and  opposite.) 

In  the  first  cell  the  more  concentrated  nitrobenzene  solution  is  on  the 
negative  pole  (reversibiUty  for  anions),  in  the  second  on  the  positive 
(reversibiUty  for  kations). 

Comparing  these  concentration  cells  with  those  known  in  earlier  electro- 
chemistry we  may  say  that  the  metallic  electrodes  are  replaced  here  by 
the  aqueous  solutions  while  the  two  nitrobenzene  solutions  replace  the 
two  aqueous  solutions  usually  employed.  These  observations  furnish  a 
striking  contradiction  to  the  theory  thai  diffusion  potentials  of  considerable 
magnitude  exist  at  the  junction  of  two  different  nitrobenzene  solutions.  If 
this  were  so,  and  if  the  interphase  potential  differences  played  no  role,  the 
direction  of  the  e,  m,  /.  would  be  the  same  in  the  two  cell  arrangements  de- 
li/$  aqueous  solut*  M/$  aqueous  solution 
of  sodium  salicylate  of  sodium  salicylate  (or 
of  dimethyl  toluid  of  dimethyl  toluidine 
hydrochloride).                                                                                hydrochloride). 


M/10    nitrobenzene  M/\  nitrobenzene 

solution    of    dimethyl  solution  of  the  same, 

toluidine    -f    salicylic 
acid.  Fig.  2. 

scribed,  i.  e.,  it  would  not  be  possible  to  reverse  the  direction  of  the  e,  m,f.  by 
changing  the  aqueous  solutions  (replacing  sodium  salicylate  by  dimethyl 
toluidine  hydrochloride),  as  is  actually  the  case. 

The  question,  however,  presents  itself  whether  the  total  e.  m.  f .  observed 
is  located  at  the  nitrobenzene-water  interphases  a,  b,  a'  and  b'  exclusively 
or  whether  a  small  additional  diffusion  potential  is  also  produced  at  the 
junction  of  the  two  nitrobenzene  solutions  of  different  concentration  {x). 
This  problem  can  be  solved  approximately  in  the  following  way: 

The  e.  m.  f.  of  the  first  cell  (concentration  cell  with  respect  to  salicyUc 
acid  anions)  equals  (0.058  Ig  Ci/c^)  +  x  volts  at  room  temperature,  if 
Ci  and  C2  are  the  concentrations  of  the  anions  of  salicylic  acid  in  the  two 
nitrobenzene  solutions  the  e.  m.  f.  of  the  second  cell  (concentration  cell 
with  respect  to  dimethyl  toluidine  kations)  equals  0.058  Ig  Ci/c^'  —  x 
volts  if  c\  and  c^  are  the  concentrations  of  the  kations  in  the  two  nitro- 
benzene solutions. 
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Now  if  Ci  =  Ci,  resp.,  c%  =  c%' ,  i.  e.,  if  the  concentration  of  the  dimethyl 
toluidine  kations  equals  the  concentration  of  the  salicylic  add  anions  in 
both  nitrobenzene  solutions  at  the  junction  of  the  aqueous  solutions,  we 
can  calculate  the  magnitude  of  the  diffusion  potentials  from  the  difference 
of  the  e.  m.  f.  observed;  the  difference  of  the  e.  m.  f.  of  the  two  cells  (0.035- 
0.031  volts)  would  then  equal  0.058  Ig  Cx/c%  —  0.058  Ig  Ci/c%  +  2x  or 
X  =  0.002  volts. 

Apparently  the  assumption  of  the  equality  of  Ci  and  Ci\  resp.,  Ct  and  cs' 
is  justified  if  the  nitrobenzene  contains  no  other  electrolyte  than  dimethyl 
toluidine  salicylate  (no  sodium  salicylate,  resp.,  no  dimethyl  toluidine 
HCl).  A  certain  quantity  of  the  electrolyte  present  in  the  aqueous  solu- 
tion will,  however,  penetrate  into  the  nitrobenzene  at  the  phase  junction 
until  equilibrium  of  distribution  is  established;  but  this  amount  must  be 
so  small  that  the  ionic  concentration  in  the  nitrobenzene  is  not  considerably 
changed.  In  the  experiments  described,  all  the  concentrations  were  se- 
lected in  such  a  way  that  this  is  actually  the  case.  This  can  be  proved 
by  means  of  meastuements  of  conductivity;  the  conductivity  imparted 
to  ptu-e  nitrobenzene  after  shaking  with  the  aqueous  solutions  is  so  small 
that  it  can  be  neglected  as  compared  with  the  own  conductivity  of  the 
nitrobenzene  solutions  used  (as  the  following  figures  show) : 

Conductivity  of  the  mol.  solution  in  nitrobenzene 450     rec  Megohms 

Conductivity  of  the  M/10  solution  in  nitrobenzene 84     rec  Megohms 

Conductivity  of  nitrobenzene  after  shaking  with  a  double 

volume  of  M/5  sodium  salicylate  (for  six  hours) 0.6  rec.  Megohms 

The  same  after  shaking  with  M/s  dimethyl  toluidine  HCl. .  1.5  rec.  Megohms 

The  highly  conducting  nitrobenzene  solutions  were  also  shaken  with  the  two 
aqueous  solutions.  A  slight  decrease  in  conductivity  was  observed  in  this  case  [from 
450  to  430  rec.  megohms  (sod.  salic),  resp.,  420  (dimethyl  tol.  HCl),  and  from  83.7  to 
83  (sod.  salic),  resp.,  83  (dimethyl  tol.  HCl)  ].  The  cause  of  this  decrease  is  hard  to  de- 
fine. We  are  certainly  justified,  however,  to  conclude  from  these  measurements  that  the 
ionic  concentrations  in  nitrobenzene  are  not  changed  considerably  by  distribution  equi- 
librium at  the  phase  junction  in  question,  and  that  therefore  the  calculation  of  the  diffu' 
sion  potential  is  correct,  x  =  0.002  volts  or  only  a  small  fraction  of  the  total  e.  m.  f. 
observed.* 

Conductivity  of  M/s  dimethyl  toluidine  HCl 0.017  rec.  ohms 

Conductivity  of  Af/5  sodium  salicylate 0.012  rec  ohms 

Conductivity  of  water  after  shaking  with  the  mol.  nitrobenzene 
sol 0.0023  rec  ohms 

The  same  after  shaking  with  the  M/10  nitrobenzene  solution. .     0.0006  rec  ohms 
This  is  of  importance  for  quantitative  calctdation  of  the  e.  m.  f.  described  below. 

(6)  Similar  experiments  were  performed  with  other  substances;  for 
instance,  the  following  arrangement  was  measured: 

^  The  ionic  concentration  of  the  two  aqueous  solutions  in  our  experiments  is  not 
changed  either  by  the  electrolytes  diffusing  from  the  nitrobenzene  solution  into  the 
aqueous  phase  at  the  phase  junctions,  as  the  following  data  show: 


Digitized  by  VjOOQIC 


STUDIES  ON  A  NEW  KIND  OF  B.  M.  F. 


2055 


—  M/s  sodium  nitroben- 
zoate 

aq.  sol. 


obs.  0.037  volt  (constant) 
+  M/  5  dimethyl  aniline 
hydrochloride 
aq.  sol. 


Nitrobenzene  containing  di 
methyl  aniline  and  m-nitro* 
benzoic  acid 
M/i  M/io 


M/s     sodium 
zoate  +  aq-  sol. 


nitroben- 


toluidine 


Nitrobenzene  containing  di-       M/s    dimethyl 
methyl  aniline  and  m-nitro-       hydrochloride 
benzoic  add 
M/i  M/io 

obs. :  0.03  volt  (constant). 

The  diffusion  potential  between  the  two  nitrobenzene  solutions  would 
equal  zero  in  this  case,  as  the  e.  m.  f.  of  the  two  systems  is  equal  and  op- 
posite. 

(7)  We  may  conclude  from  these  experiments  that  ionic  mobilities  and 
diffusion  potentials  exhibit  similar  properties  in  aqueous  and  nitrobenzene 
solutions  and  that  there  is  no  reason  to  suppose  that  a  relatively  excessive 


Nitrobenzene  solu- 
tion of  vaxybig  con- 
centration. 

Fig.  3. 

velocity  of  certain  ions  produces  particular  effects  in  systems  of  immiscible 
electrolytic  conductors.  Interphase  potential  differences  determine  the 
magnitude  and  the  direction  of  the  e.  m.  f .  in  all  such  systems. 

Concerning  electrophysiological  theories  it  can  be  said,  that  the  results 
obtained  are  in  direct  contradiction  to  the  theory  of  selective  ionic  perme- 
ability. This  theory  is  applied  by  some  physiological  authors  in  rather 
vague  theoretical  considerations,  explaining  various  visible  changes  in 
living  cells  through  an  invasion  of  positive  and  negative  ions  due  to  an 
alleged  mobility  or  permeability  of  the  ion  in  or  through  the  cell  mem- 
brane. The  experiments  described  furnish  proof  against  such  theories 
by  means  of  the  evidence  that  no  essential  difference  exists  between  -f- 
and  —  ions  in  water-immiscible  solvents  so  far  as  the  mobility  is  concerned. 
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(8)  A  quantitative  calculation  of  ike  e.  m.  f.  of  our  concentration  cells 
from  the  ratio  of  the  ionic  concentrations  should  be  possible  in  the  same  way 
as  with  the  ordinary  concentration  cell.  If  we  assume  that  the  ionic 
concentration  in  the  nitrobenzene  is  proportional  to  conductivity,  the 
e.  m.  f.  calculated  would  be  0.058  Ig  ci/c%  volts,  where  Ci  and  ct  are  the 
conductivities  of  the  two  nitrobenzene  solutions:  Ci  =  450  rec.  megohms, 
C2  =  83  rec.  megohms;  e.  m.  f.  therefore  should  be  0.042  volt;  this  value 
is  not  identical,  however,  with  the  one  observed  (0.033  volt).  Owing  to 
our  incomplete  knowledge  concerning  ionization  in  nitrobenzene  solutions, 
it  is  diflScult  to  account,  with  certainty,  for  this  deviation;  the  following 
observations,  however,  may  have  some  bearing  on  the  problem:  The 
conductivity  of  the  grammolecular  nitrobenzene  solution  (of  dimethyl 
toluidine  +  salicylic  add)  equals  430  rec.  megohms  only  if  saturated  with 
water;  the  same  solution  in  dry  nitrobenzene  had  only  340  rec.  megohms; 
the  conductivity  of  the  M/io  nitrobenzene  solution,  however,  did  not 
change  by  satm^ting  with  water.    If  we  assume  that  the  conductivity  of 

the  dry  nitrobenzene  solutions  is  proportional  to  the  concentrations  of  those 

0  0 

ions  which  act  in  the  concentration  cells  (dimethyl  toluidine  salic.  ) 
we  get,  in  fact,  a  much  closer  agreement:  0.058  Ig  340/83  =  0.035  volt, 
which  is  identical  within  the  experimental  errors  with  the  value  observed. 
We  may  assume  that  the  increase  in  conductivity  observed,  if  the  molecular 
nitrobenzene  solution  is  satm^ted  on  water,  is  due  to  a  chemical  reaction 
of  hydrolysis  resulting  in  the  formation  of  H*  ions  or  other  ions.^ 

(9)  Experiments  of  the  same  kind  may  be  described  at  last  with  a  somewhat 
modified  experimental  arrangement  (see  Fig.  4).  By  means  of  this  arrangement  the 
nitrobenzene-waiter  interphase  could  be  kept  constant  on  one  side  (in  the  narrow  tube 
a)  while  the  other  interphase  (in  broader  tube  h)  could  be  changed;  the  change  of  the 
e.  m.  f.  with  the  change  of  the  solution  then  is  the  effect  observed.  This  method  is 
therefore  quite  analogous  to  the  one  described  above  (compare  Fig.  i),  with  the  differ- 
ence that  in  this  case  the  concentration  of  the  nitrobenzene  varied  while  the  aqueous 
concentration  is  kept  constant. 

The  narrqw  tube  (a),  connected  with  one  electrode,  is  filled  with  i/i  KCl  (aq.  sol.) 
in  upper  part  and  with  a  0.02  M  nitrobenzene  solution  of  dimethyl  toluidine  and  sali- 
cylic acid  in  the  lower  hook-shaped  part;  this  is  immersed  into  a  beaker  containing  the 
same  nitrobenzene  solution  in  varying  concentrations;  an  aqueous  0.5  if  solution  of 
sodium  salicylate  (or  toluidine  hydrochloride)  supemates  on  the  nitrobenzene  in  the 
beaker,  in  a  broader  tube  (6),  this  is  connected  with  the  other  calomel  electrode  by 
means  of  a  hook-shaped  tube. 

With  sodium  salicylate  as  constant  aqueous  solution,  the  system  really  measured  is : 

^  In  the  experiments  with  nitrobenzene  solutions  of  dimethyl  aniline  and  m-nitro- 
benzoic  acid  the  value  calctdated  from  the  ratio  of  the  conductivities  of  the  dry  solutions 
is  0.054  volt  (obs.  0.037  volt).  This  deviation  is  due  to  a  very  complicated  state  of 
this  nitrobenzene  solution  which  we  cannot  fully  account  for  so  far;  the  molecular  con- 
ductivity of  this  solution  increases  with  increasing  concentration. 
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—  calomel  dec-       Nitrobenzene  solution  of  sali- 
trode  cylic  add  and  dimethyl  tolui- 

(i/i  KCl)         dine 

0.02M  (constant) 

variable  concentration 
The  following  e.  m.  f.  were  observed: 


0.5  if  sodium 
salicylate  in 
water 


calomd  elec- 
trode -h 


Concentration  of  the 
▼ariable  scdutlon. 

'  E.  M.  F. 

Chanaeoftha 
^eTm.  F. 

M/2 

0.060  volt 

> 0.028  volt 

M/io 

0.088  volt 

>0.02I  VOh 

M/50 

0.109  volt 

>o.o24  volt 

Af/250 

0.133  volt 

>o.ooov6lt 

M/l2$0 

0.133  volt 

With  dimethyl  toluidine  hydrochloride  the  system  measured  is: 

-j-  calomel  dec- 

Nitrobenzene  solution  of  sali- 

0.5 Af  dimethyl 

calomd  dec- 

trode 

cylic  acid  and  dimethyl  tolui- 

tolui 

dine  in 

trode  — 

dine 

water 

0.02 

M  (constant) 
variable  concentration 

£.  M.  P.  obM 

srvcd: 

Cooccntrati<m  ol 
variable  96Ititi< 

fthe 

Ml. 

£.  M.  P. 

Change  of  tlie 
E.  M.  F. 

M/J2 

0.048  volt 

>0.029  voh 

M/io 

0.077  volt 

>o.029  volt 

M/50 

0.106  volt 

>o.ooo  volt 

M/2SO 

0.135  volt 

>  0.000  volt 

Af/ 1 250  0.135  volt 

It  is  seen  that  the  direction  of  the  change  is  opposite  in  both  cases  as  the  e.  m.  f. 
of  the  two  systems  are  in  opposite  directions. 

The  conductivities  of  the  dry  nitrobenzene  solutions  were  observed  as  follows 
(t  =  30«): 

M/2 243      rec.  megohms 

Af/io 80. 5  rec.  megohms 

Jlf/5o 15 .3  rec.  megohms 

JIf /250 2.7  rec.  megohms 

Jlf/1250 0.4  rec.  megohms 

In  order  to  calculate  the  change  of  the  e.  m.  f.  from  the  ratio  of  conductivity,  it 
must  be  considered  that  some  sodium  salicylate  or  dimethyl  toluidine  passes  from  the 
aqueous  solution  into  the  nitrobenzene;  it  was  found  that  the  ptue  nitrobenzene  with 
a  conductivity  of  0.006  rec.  megohm  had  2.4  rec.  megohms  after  shaking  with  0.5  M 
sodium  salicylate  (aq.  sol.);  2.3  rec.  megohms  after  shaking  dimethyl  toluidine  hydro- 
chloride. The  ionic  concentration  in  the  nitrobenzene  can  therefore  not  be  lowered  be- 
low a  value  corresponding  to  this  conductivity,  which  is  about  Af /250.     A  dilution  of 
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the  nitrobenzene  from  J//250  to  M/12S0  can,  therefore,  produce  no  change  of  the  e. 
m.  f.  as  was  really  observed.  With  relatively  concentrated  nitrobenzene  solutions 
the  salts  invading  from  the  aqueous  solution  can  be  neglected,  the  change  of  the  e.  m.  f . 
equals  the  one  calculated  from  the  ratio  of  conductivities  0.5  JIf  to  o.  i  Af  :  0.058  Ig 
80.5  =  0.028  volt;  (obs.  0.029).  I'or  the  intermediate  concentrations  the  value 
observed  is  in  each  case  smaller  than  the  one  calculated  owing  to  the  electrolytes  pene- 
trating into  the  nitrobenzene  from  the  aqueous  solution,    . 

JIf/io  to  M/50   0.058  Ig  80.5/15.3  =  0.042  volt  (obs.  0.021,  0.029  volt). 

M/so  to  Jlf/250  0.058  Ig  15 .3/2 . 7     =  0.044  volt  (obs.  0.029  volt). 
A  quantitative  calculation  similar  to  that  described  above  for  aqueous  solutions 
does  not  seem  possible,  however,  owing  to  our  incomplete  knowledge  concerning  dis- 
tribution and  ionization  in  nonaqueous  solutions. 

IV.  Concentration  Double  Cell  of  a  New  Type. 

(9)  Observations  concerning  the  e.  m.  f .  of  the  following  concentration 
cell  may  finally  be  mentioned: 

—  0.2  JIf  sod.  salic.  (aq.     I      if  dimethyl  tol.  -f  salic.  acid     I       0.2  JIf  dimethyl 

sol.)  I  nitrobenzene  ]  tol. 

HCl  (aq.  sol.)    I     o.i  M  dimethyl  tol.  +  salic.         0.2  Af  sod.  salic  aq.  sol.  + 
I  acid  nitrobenzene 

e.  m.  f.  observed  at  room  temperature:  0.066  volt  (constant). 

(Concerning  the  experimental  arrangement  compare  Fig.  4.) 

This  cell  cannot  contain  any  diffusion  potentials  at  all  according  to  the 

M/$  aqueous  solution 
of  dunethyl  toluidine 
hydrochloride. 

if /5  aqueous  solution  Jlf/5  aqueous  solu- 

of  sodium  salicylate.  tion  of  sodium  salicyl- 

ate. 


Af/i  nitrobenzene  JIf/ 10    nitrobenzene 

solution    of    dimethyl  solution    of    dimethyl 

toluidine    -f    salicylic  •  toluidine    H-    salicylic 

acid.  •  acid. 

Fig.  4. 

measiu-ements  of  distribution  and  conductivity  described  above;  the  total 
e.  m.  f .  observed  must  be  located  at  the  four-phase  jimctions. 

Comparing  this  cell  with  those  described  on  page  2053,  it  is  easily  under- 
stood that  the  e.  m.  f .  observed  here  must  equal  the  sum  of  those  previously 
described,  which  is  actually  the  case:  0.031  +  0.035  volt  =  0.066  volt. 

A  concentration  double  cell  of  this  type  is  especially  fit  for  arranging 
a  large  number  of  alternating  nitrobenzene  and  aqueous  layers  in  such  a 
way  as  to  produce  a  considerable  e.  m.  f .  because  the  same  aqueous  solution 
is  at  both  ends  of  the  cell,  and  also  because  it  contains  no  diffusion  poten- 
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tials  at  all.    Bzperiments  (XHiceming  such  cell  arrangetnents  will  be  com* 
municated  later. 

Summary. 

(i)  The  e.  m.  f.  of  cell  arrangements  consisting  of  aqueous  and  nitro- 
benzene solutions  is  measured;  the  solutions  which  are  in  contact  with 
each  other  always  contain  one  common  ion.  This  makes  it  most  easily 
possible  to  calculate  from  the  thermodynamic  formula  those  potential 
differences  which  exist  at  the  nitrobenzene-water  interphase. 

(2)  Preliminary  experiments  are  described,  in  order  to  test  the  nature 
of  ionic  conduction  in  nitrobenzene  and  in  order  to  prove  the  applicabiUty 
of  the  thermodynamic  formula  at  the  phase  junctions  in  question. 

(3)  The  e.  m.  f .  of  cells  which  consist  of  two  nitrobenzene  solutions  of 
different  concentrations  in  contact  with  each  other  between  two  identical 
aqueous  solutions  is  then  measured.  It  can  be  proved  that  the  total 
e.  m.  f .  of  these  systems  is  practically  entirely  located  at  the  phase  junctions 
and  not  at  the  junctions  of  the  two  nitrobenzene  solutions.  This  result 
can  be  understood  without  an  elaborate  theoretical  explanation  by  contemplating 
the  diagrams  of  the  cells.  If  the  e.  m.f.  observed  was  located  at  the  junction 
of  the  two  nitrobenzene  solutions  it  would  certainly  not  be  possible  to  reverse 
the  direction  of  the  e.  m.  f.  by  changing  the  aqueous  solutions  such  as  is 
actually  the  case. 

(4)  Ostwald  had  assumed  that  membranes  or  layers  of  water-immiscible 
electrolytes  between  two  aqueous  solutions  produce  e.  m.  f .  owing  to  a 
selective  ionic  permeability;  this  would  mean  that  in  the  membrane  the 
mobility  of  the  anion,  i.  e.,  far  exceeds  that  of  the  kation,  thus  producing 
a  diffusion  potential.  According  to  this  hypothesis  then,  the  e.  m.  f. 
produced  by  a  water-iiomiscible  layer  is  not  located  at  the  phase  junction 
but  inside  the  layer  or  membrane.  This  theory  does  not  agree,  therefore, 
with  the  experimental  results  obtained  here. 

(5)  Cremer's  experiments  on  biphasic  water-nitrobenzene  cell  arrange- 
ments do  not  support  the  theory  of  different  mobiUties  of  anions  and  kations, 
because  the  e.  m.  f .  observed  by  him  is  also  located  at  nitrobenzene-water 
interphases.  This  is  due  to  the  fact  that  the  distribution  of  electrolytes 
between  water  and  nitrobenzene  is  much  more  complicated  than  was  assumed 
by  Cremer;  the  salt  contakied  in  the  aqueous  solution  invades  the  nitro- 
benzene on  one  side  to  a  much  larger  extent  than  on  the  other  side,  as  can 
be  shown  by  means  of  conductivity  measurements.  In  the  experiments 
described  here  the  aqueous  and  nitrobenzene  solutions  are  selected  in 
such  a  way  that  their  ionic  concentration  is  not  changed  appreciably  by 
electrolytes  passing  from  either  phase  into  the  other,  if  the  equilibrium 
of  distribution  is  established.  For  this  reason  it  can  be  claimed  that  these 
experimeilts  furnish  a  better  argimient  for  the  problem  in  question. 
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This  element  was  first  described  by  Mosander  during  his  researches 
upon  yttria,  just  previous  to  1843,  under  the  name  of  erbium.  He  stated 
that  the  oxide  was  orange-yellow  and  the  salts  colorless. 

Later,  several  chemists,  employing  the  fusion  of  the  nitrate  method, 
failed  to  obtain  the  original  erbium  of  Mosander,  so  the  name  erbium  was 
given  'to  terbium,  which  gave  a  rose  colored  oxide. 

Delafontain  maintained  the  existence  of  old  erbium,  or  terbium  as  it 
was  now  called.  He  recommended  samarskite^  as  a  source  of  terbiimi, 
and  described  the  preparation  of  a  terbia  of  a  dark  orange-yellow  color. 
The  salts  prepared  from  it  were  said  to  be  colorless  and  to  show  only  a 
trace  of  the  absorption  of  didymium. 

Marignac^  fractionated  300  g.  of  gadolinite  earths  and  obtained  three 
sets  of  oxides:  white  yttria,  rose  erbia,  and  intermediate  oxides  of  a  more 
or  less  deep  yellow  color.  He  separated  the  didymium  from  these  and 
showed  that  the  color  must  be  due  to  a  third  gadolinite  oxide  originally 
mentioned  by  Mosander  and  later  denied  by  Bunsen  and  Bahr,  and  Cleve 
and  Hoglund.  Marignac's  terbia,  pimfied  by  the  potassium  sulfate 
method  and  the  oxalic  add  method,  consisted  of  a  dark  orange-yellow 
powder. 

Cleve*  confirms  Marignac's  conclusions  with  regard  to  the  existence  of 
terbia. 

Lecoq  de  Boisbaudron^  pointed  out  the  complicated  nature  of  terbium 
oxide.  He  said  that  it  contained  variable  proportions  of  3rttria,  holmia, 
ytterbia,  samaria,  erbia  and  the  yellow  earth.  Such  material  was  sub- 
mitted to  many  fractionations.  The  resulting  products  when  tested  by 
the  spectroscope  showed  the  possibility  of  the  existence  of  three  terbiums, 
which  he  designated  by  Za,  Z/3,  and  Z7.  Z/3  gave  a  very  deep  reddish 
brown  terbia.  The  solution  of  the  chloride  gave  only  a  weak  absorption 
spectrum  composed  of  the  bands  of  dysprosium  and  of  a  band  which  ap- 
peared to  belong  to  a  new  element.  The  same  band  (X487.7)  appeared  as 
strongly  in  the  paler  colored  terbias,  and  he,  therefore,  concluded  that  it 
was  due  to  another  terbia  which  he  provisionally  named  Z5.  He  was 
unable  to  fractionate  further,  since  all  the  material  was  used  up. 

Boisbaudron^  examined  a  sample  of  impure  mosandria,  and  found  that 
it  consisted  of  yttrium  a  and  terbia  as  Marignac  had  supposed. 

^  Ann.  ckim.  phys.,  14,  238  (1887). 

» Ibid.,  247. 

»  Bull,  soc,  chitn.,  31,  195  (1879). 

*  Compt.  rend.,  loa,  153  (1886).  • 

*  Ihid.,  647. 
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Hoffmann  and  Kruss^  showed  that  terbia  (of  this  date,  1893),  which 
cannot  be  split  up  further  by  means  of  the  double  sulfate  or  formate 
methods,  may  be  fractionated  by  solution  in  aniline  chloride. 

Marc'  worked  upon  terbium  material,  obtained  by  Weiss  during  the 
preparation  of  didylnium  from  monazite  by  the  chromic  add  method  of 
Muthmann  and  Bohm,  and  came  to  the  conclusion  that,  although  his 
terbia  was  colored  deep  brown,  only  a  few  per  cent,  of  the  element  causing 
this  was  present.  He  also  said  that  the  solution  of  the  oxide  gave  an  ab- 
sorption band  X464-461. 

Emma  Portratz,'  in  a  paper  on  terbium  and  some  of  its  compounds,  de- 
scribes the  oxide  as  being  of  a  brownish  orange  color  like  some  varieties  of 
ocher. 

Feit*  worked  on  the  yttrium  earths  from  monazite  and  obtained  a  crude 
oxide,  which  he  supposed  contained  about  12%  of  terbia. 

Urbain,*  by  three  different  methods  of  fractionation,  obtained  a  dark 
colored  earth  between  gadolinium  and  dysprosium,  whose  solutions  showed 
the  absorption  band  X488.  He  kept,  provisionally,  the  name  Z5,  given 
by  Boisbaudron  to  the  element  possessing  this  property.  The  results  of 
Marc  were  not  duplicated.  The  latter  stated  that  the  salts  of  terbium 
possessed  a  pink  color,  while  Urbain  showed  that  a  common  colored  im- 
ptuity  of  terbium  was  dysprosium.  The  compounds  of  this  latter  element 
communicate  a  green  tint  to  those  of  terbium.  Urbain  obtained  about 
100  g.  of  the  crude  dark  oxides.  This  material  was  submitted  to  a  further 
long  and  careful  fractionation,*  which  gave  7  g.  of  an  oxide,  that  could  not 
be  divided  by  continued  fractionation.  It  gave  a  dark  brown  oxide  by 
ignition  of  the  oxalate,,  and  a  black  oxide  when  the  sulfate  was  calcined 
at  1600°.  The  oxide  corresponded  to  the  formula  Tb407.  The  solution 
of  this  oxide  showed  the  absorption  spectrum  of  Z5,  the  inverse  spectrum 
of  Z/3,  the  spark  spectrum  of  Demarcay's  F,  and  the  phosphorescent 
spectrum  of  a  meta  element  of  yttrium  and  to  G/3  (Crookes).  The  atomic 
weight  was  found  to  be  159.22. 

Urbain^  states  that  Boisbaudron's  Za  is  identical  with  dysprosium. 

Urbain  and  Jantsch,^  in  describing  some  new  compounds  of  terbium  and 
dysprosium,  state  that  terbium  can  be  weighed  as  the  oxide  Tb407  if  it  has 
not  been  heated  to  too  high  a  temperature. 

*  Z.  atiorg,  Chem,,  4,  27  (1893). 
'  Ber.,  35,  389  (1902). 

»  Chem.  News,  9a,  3  (1905). 

*  Z.  anorg.  Chem.,  43,  267  (1905). 

*  Compt.  rend.,  139,  No.  19  (1904). 

*  Ibid.,  141,  No.  12  (1905). 

'  Compi.  rend.,  143,  229  (1906). 

*  Ibid.,  146,  127  (1908). 
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Urbain^  concludes  among  other  things  that  the  elements  F  of  Demaxray, 
Zp  and  Zd  of  Lecoq  de  Boisbaudron,  Gff,  ionium,  and  incognitum  of  Sir 
William  Crookes  are  identical  with  terbium. 

Welsbach'  fractionating  the  yttrium  earths  by  means  of  the  double 
oxalates  with  ammonium  oxalate,  observed  that  terbium  was  distributed 
between  the  gadolinium  and  dysprosium  fractions.  He  said  that  the 
separation  was  tedious,  but  might  be  carried  out  satisfactorily.  On  each 
side  of  the  terbium  the  fractions  were  colored  deep  ocher;  also  they  gave 
no  optical  test  for  terbium.  Prom  this  he  concluded  that  old  terbia  con- 
sisted of  three  element^  which  he  provisionally  named  Tbl»  Tbll  and 
TbIII.    TbI  was  closely  related  to  gadolinium,  and  TbIII  to  dysprosium. 

Separation. — ^The  methods  used  originally  gave  an  oxide  containing  only 
a  few  per  cent,  of  terbium  oxide.  These  processes  include:  fusion  of  the 
nitrates;  precipitation  by  potassiimi  sulfate;  precipitation  of  oxalates 
from  a  strongly  nitric  add  solution;  the  formic  acid  method. 

When  the  nitrates  are  partially  decomposed  by  heat,  poured  into  water, 
boiled  until  dear  and  allowed  to  cool  and  crystallize,  the  least  basic  element 
separates  first  in  the  form  of  a  crystalline  basic  nitrate.  This  method  is 
not  to  be  recommended  for  the  extraction  of  terbium. 

Terbium  potassium  sulfate  and  terbium  sodium  sulfate  are  very  mudi 
less  soluble  than  the  corresponding  double  sulfates  of  }rttrium  and  erbium, 
etc.  They  are  more  soluble  than  those  of  the  cerium  metals.  Owing  to 
the  similar  solubilities  of  the  double  sulfates  of  gadolinium  and  dysprosium, 
and  also  to  the  fractional  precipitation  nattu'e  of  the  method,  it  is  very 
tedious. 

The  fractional  predpitation  of  the  oxalate  from  a  highly  add  solution 
of  the  nitrate  is  practically  usdess. 

Terbium  formate  is  very  much  less  soluble  than  yttrium  formate,  and 
the  formates  might  be  used  for  the  separation  of  yttrium  and  terbium,  if 
it  were  not  for  the  fact  that  they  form  a  double  compound.  Philippimn 
formate  was  found  to  be  yttrium  terbium  formate. 

Later,  Boisbaudron  recommended  the  use  of  very  dilute  ammonium 
hydroxide.  Urbain  says  this  method  is  very  tedious.  He  advises  the 
following:  fractional  crystallization  of  the  double  nitrates  with  nickel; 
fractional  crystallization  of  the  simple  nitrates  in  the  presence  of  bis- 
muth nitrate;  fractional  crystallization  of  the  ethylsulfates. 

The  double  nickd  nitrate  method'  gave  gadolinium  nickel  nitrate,  in 
a  very  pure  state,  as  the  least  soluble  portion.  The  most  s(duble  frac- 
tions gave  very  dark  colored  oxides,  whose  solutions  showed  a  strong 
spectrum  of  dysprosium,  a  feeble  spectrum  of  holmium,  and  an  almost 

*  Chem,  News,  lOO,  73  (1909). 
«  Chem.  Ztg.,  35,  658. 

•  Urbain,  Compi.  rend,,  139,  No.  19  (1904). 
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imperceptible  band  of  U.  These  solutioiis  possessed  an  olive  oolor. 
The  middle  fractions  gave  oxides,  paler  in  color,  and  the  solutions  when 
examined  by  the  spectroscope  revealed  only  the  band  belonging  to  Z^. 

Tk9  FractionaHon  of  the  Simple  Nitrates  in  the  Presence  of  Bismuth 
Nitrate. — ^Urboin  found  that  the  solubility  of  bismuth  nitrate  in  nitric 
add  to  be  greater  than  the  solubility  of  gadolinium  nitrate,  but 
less  than  that  of  dysprosium.  Since  tnsmuth  nitrate  is  isomorphous. 
with  the  nitrates  of  the  rare  earths,  it  would  accumulate  with 
the  terbium  and  enlarge  the  amount  of  material,  thus  making  it 
easier  to  carry  on  the  fractionation.  The  above  chemist  found,  after  a 
careful  study,  that  bismuth  nitrate  is  less  soluble  than  the  nitrate  of  ter- 
bium. However,  he  was  unable  to  separate  quantitatively  terbium  from 
gadolinium,  as  he  had  done  with  europium  and  samarium  by  the  addition 
of  bismuth  magnesium  nitrate.  Bismuth  was  separated  from  the  ter- 
bium fractions  by  means  of  hydrogen  sulfide.  The  terbium  was  then 
precipitated  by  the  addition  of  a  solution  of  oxalic  add. 

Fractionation  of  the  ethylsulfates  rapidly  separates  terbium  from  most 
of  the  yttrium  earths.  This  method  has  been  extensively  used  by  Urbain 
and  Lacombe. 

The  authors,  after  due  consideration,  came  to  the  conclusion  that  the 
only  methods  worth  trying  were  the  last  three.  The  double  nickel  ni- 
trate method  must  be  a  very  good  one,  since,  by  it,  Urbain  obtained  a 
pure  white  gadolinia.  This  process  was  tried,  and  some  difficulty  was 
encountered  in  the  crystallizations.  It  requires  considerable  experience 
in  order  to  get  good  crystals.  It  is  also  unfortunate  that  the  liquid  is  so 
highly  colored,  for  it  prevents  observations  being  made  with  regard  to 
changes  in  color  of  the  earth  solutions  themselves.  In  addition  the  ab- 
sorption spectra  cannot  be  studied. 

The  crystallization  of  the  simple  nitrates  was  not  tried,  since  it  does 
not  work  anything  like  as  rapidly  as  the  bromate  method.  The  ethyl- 
sulfates are  useful.  It  is  a  very  great  pity  that  they  are  so  readily  hy- 
drolyzed. 

The  material,  for  the  extraction  of  terbium  oxide,  consisted  of  gado- 
linium oxide  containing  terbium  oxide.  There  were  also  present  certain 
amounts  of  dysprosium  and  holmium  oxides  and  traces  of  those  of  yttrium 
and  erbitun.  The  whole  was  converted  into  bromates  by  warming  with 
bromic  add.  The  bromates  so  obtained  were  submitted  to  a  long  and 
careful  fractionation. 

After  a  few  series  of  operations,  the  whole  of  the  terbium  and  most  of 
the  holmium  and  dysprosium  were  found  to  be  in  the  most  soluble  por- 
tion. As  the  work  proceeded,  a  faint  absorption  band  appeared  in  the 
blue,  when  the  least  soluble  fraction  was  examined  by  n^^ans  of  the  spec- 
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troscope.  This  was  due  to  small  amounts  of  europium,  which  showed 
that  europium  bromate  was  less  soluble  than  gadolinium  bromate. 

Etu-opium  bromate  would,  therefore,  appear  to  possess  the  lowest  solu* 
biUty  (rf  all  the  rare  earth  bromates.  The  solubility  first  of  all  decreases 
as  we  go  up  the  series  in  the  following  order:  lanthanum,  cerium,  praseo- 
dymium, neodymium,  samarium,  etu'opium.  After  europium  has  been 
.reached,  the  solubility  commences  to  increase  again  in  this  manner: 
europium,  gadolinium,  terbium,  dysprosium,  holmium,  yttrium,  erbium^ 
thulium,  ytterbium,  lutecium,  celtium,  and  scandium. 

By  the  time  a  considerable  number  of  series  of  operations  had  been 
carried  out,  the  colors  of  the  oxides  of  the  fractions  were  observed  to  show 
very  much  light  upon  the  rapidity  of  fractionation.  The  least  soluble — 
gadolinium  bromate — gave  a  nearly  white  oxide.  All  gadolinium  was  re- 
moved from  the  series,  as  soon  as  it  gave  an  almost  white  oxide.  With 
increase  of  solubility  the  color  of  the  oxides  rapidly  changes.  They  be- 
came darker  and  darker  untfl  a  maximum  was  reached,  after  which  the 
colors  became  paler.  The  most  soluble  fractions  gave  a  buff  colored  oxide. 
These  portions  were  removed  when  this  condition  had  been  attained. 
From  these  results  it  can  be  seen  that  terbium  is  rapidly  separated  from 
gadolinium  by  means  of  the  bromate  method.  The  separation  of  terbium 
from  dysprosium  is  not  as  simple  as  in  the  case  of  the  previous  element. 
Perhaps  the  ethylsulfates  would  be  the  best  salts  to  use  for  this  portion 
of  the  work.  The  results  of  the  application  of  this  method  will  be  de- 
scribed later  on. 

The  fractions  that  gave  the  darkest  colored  oxides  showed  only  one 
absorption  band — ^that  of  Z5  or  terbium.  The  more  soluble  portions  of 
the  terbitmi  showed  the  absorption  bands  of  dysprosium  in  addition, 
while  the  less  soluble  portions  gave  very  faint  neodymium  bands,  the 
latter  indicating  the  fact  that  neodymium  bromate  comes  between  the 
bromates  of  terbiiun  and  gadolinium.  It  would,  therefore,  be  reasonable 
to  conclude  that  by  the  careful  use  of  neodymium  the  separation  of  ter- 
bium and  gadolinium  could  be  carried  out  quantitatively.  Neodymium 
can,  of  course,  be  readily  separated  from  terbiiun  by  many  well  known 
methods,  such  as  by  crystallizing  the  double  magnesium  nitrates  with 
bismuth  magnesium  nitrate.  Only  three  or  four  operations  are  neces- 
sary. Neodymium  magnesium  nitrate  passes  into  the  least  soluble  frac- 
tions, since  it  is  practically  insoluble  in  bismuth  magnesium  nitrate. 
The  bismuth  magnesitun  compound  comes  next,  while  the  terbium  mag- 
nesium nitrate  collects  in  the  mother  liquor ./ 

A  statement,  made  somewhat  recently,  by  another  worker  with  re- 
gard to  the  bromate  method,  led  one  to  understand  that  there  was  con- 
siderable difficulty  in  separating  yttritun  from  gadolinium.  Yttrium  bro- 
mate comes  between  the  bromates  of  erbium  and  holmium  with  regard 
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to  their  solubilities.  It  will,  therefore,  naturally  tend  to  divide  itself  into 
two  portions,  one  accompanying  the  erbium  and  the  other  the  holmium 
and  dysprosium.  Therefore  as  soon  as  a  fraction,  less  soluble  than 
dysprosium,  no  longer  gives  the  dysprosium  absorption  spectrum,  it  is  free 
from  yttrium.  Since,  in  addition,  terbium  and  neod3rmium  come  between 
dysprosium  and  gadolinium,  the  separation  of  yttrium  and  gadolinium 
must  be  extremely  good.  When  we  have  a  fraction  containing  yttrium 
more  soluble  than  holmium  and  free  from  the  absorption  bands  of  this 
element,  it  is  free  from  gadolinium. 

The  original  bromates  used  in  this  work  comprised  many  kilograms. 
As  large  amounts  of  gadolinium  bromate  were,  however,  rapidly  removed 
from  one  end,  and  fair  quantities  of  the  bromates  of  erbium,  yttrium, 
holmium,  and  dysprosium  from  the  other,  the  bulk  of  material  undergo- 
ing fractionation  quickly  decreased.  The  whole  of  the  erbium  was  re- 
moved in  the  most  soluble  portion  after  a  few  crystallizations.  This  was 
followed  by  yttrium  and  holmium  with  some  dysprosium.  Finally  the 
holmium  bands  became  very  faint,  and  later  dysprosium,  with  a  little 
terbium,  formed  the  most  soluble  fractions  of  the  series. 

By  this  time  the  fractions  had  become  reduced  to  about  10  g.  in  each. 
About  30  g.  of  very  ptu-e  terbium  oxalate,  giving  a  black  oxide,  were  ob- 

tVai^e  ienotfiB  in  AU  \ 

'"  673C  690Q  azSO  SOOQ  S7JO  3S0Q 52S0    SOOO   A7SO  4SO042S0  4000 


TWMf 


I 


> 


//s/6/e    absorption   spec  tram  of  terSium. 
Concentrated    solution  of  T6 (A/ O^)^ 

JBtWA 

tained.    Thirty  grams  of  an  oxalate  not  quite  so  pure  were  also  separated. 

The  crystallization  of  the  chlorides  from  hydrochloric  add  was  used 
in  the  endeavor  to  separate  small  amounts  of  terbium  from  dysprosium. 
The  chlorides  formed  very  nice  crystals,  and  the  mother  liquor  could  easily 
be  drained  off.  The  rate  of  fractionation  seemed  to  be  about  the  same 
as  in  the  case  of  the  nitrates.  The  oxide  from  the  least  soluble  was  darker 
than  that  from  the  most  soluble  portion.  This  showed  that  terbium 
chloride  like  terbium  nitrate  passed  into  the  least  soluble  fractions. 

When  a  mixttu-e  of  gas  and  air  was  directed  upon  terbium  peroxide, 
or  upon  gadolinium  oxide  containing  terbium  peroxide,  heated  almost  to 
Tedness,  the  mass  immediately  became  incandescent,  and  the  gas  usually 
^ook  fire. 
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A  strong  solution  of  terbium  nitrate  gave  an  absorption  spectrum  con- 
sisting of  one  band  in  the  blue  as  shown  in  the  figure  on  preceding  page. 

The  authors  conclude  from  their  results  that  there  is  only  one  terbium. 
By  means  of  the  bromate  process,  terbium  is  comparatively  rapidly  sepa- 
rated from  gadolinium;  and  neodymium,  if  present,  comes  between  the 
two.  This  work  agrees  with  that  of  Urbain  and  not  with  that  of  von 
Welsbach. 

DnmBAM,  N.  B. 


THE  RADroM :  URAIOUM  RATIO  IN  CARNOTITES.* 

By  S.  C.  I«XKD  AND  C.  p.  Wbxttsiiokb. 
Received  Auguit  7,  1914. 

I.    Introduction. 

The  constancy  of  the  ratio  of  radium  to  uranium  in  the  uranium  min- 
erals, and  its  significance  in  the  theory  of  the  origin  of  radium  have  been 
recognized  for  some  time.  For  its  experimental  demonstration  we  are 
indebted  to  the  early  work  of  Boltwood,*  Rutherford,*  Strutt,*  McCoy,* 
and  Eve.* 

At  a  somewhat  later  period  it  began  to  be  recognized  that  certain 
uranium  minerals  of  secondary  orig^,  of  which  autunite  (Ca(UOi)i(P04)s.- 
SHjO)  is  one  of  the  chief  representatives,  show  a  ratio  below  that  of  pitch- 
blende. In  1909,  MUe.  Gleditsch^  announced  that  she  had  found  a  sample 
of  French  autunite  showing  only  about  80%  of  the  normal  ratio.  A  low 
ratio  was  confirmed  in  1910  by  A.  S.  Russell,"  who,  also  in  a  sample  of 
French  autunite,  found  only  27%  of  the  normal  ratio,  while  Soddy  and 
Pirret,*  about  liie  same  time,  found  a  sample  of  Spanish  autunite  with 
44«5%  of  the  pitchblende  ratio. 

To  account  for  these  low  ratios  in  a  sense  consistent  with  the  Rutherford 
and  Soddy  theory  of  radioactivity,  two  different  explanations  have  been 
proposed.  The  first  supposes  that  the  secondary  minerals  are  too  young^ 
for  the  quantity  of  radium  to  have  accumulated  to  the  maximum  equi- 
librium value  shown  in  the  older  minerals  such  as  pitchblende.  The 
second  mode  of  explanation  assumes  that  the  secondary  minerals,  owing 
to  a  looser  mechanical  structure,  are  more  subject  to  a  leaching  process 
by  water  and  that  radium  is  more  readily  removed  than  uranium,  which 
results  in  a  low  ratio  of  the  former  to  the  latter. 

^  Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 

'  Boltwood,  Phil.  Mag.,  9,  599  (1905);  i4w.  J.  Set.,  x8,  97  (1904);  *5i  269  (1908). 

*  Rutherford  and  Boltwood,  Am.  J.  Set.,  ao,  55  (1905);  ^^9  i  (1906). 

*  Strutt,  Proc.  Roy.  Soe.  Land.,  (A)  76,  88  and  312  (1905). 

»  McCoy,  Ber.,  37,  2641  (1904);  This  Journal,  27,  391  (1905). 

•  Eve,  Am.  J.  Set.,  aa,  4  (1906). 

'  Mile.  Gleditsch,  CompL  rend.,  148,  145 1;  149,  267  (1909). 
*A.  S.  Russell,  Nature,  84,  238  (1910). 

•  Soddy  and  Pirret,  Phil.  Mag.,  ao,  345  (1910);  ai,  652  (19"). 
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Additional  evidence,  adduced  principally  by  Marckwald  and  Russell,^ 
appears  to  support  the  "leaching"  theory,  since  the  ionium: uranium  ratio 
was  found  much  more  nearly  to  approach  theory  in  autunite  than  does 
the  radium  :  uranium  ratio,  thus  indicating  a  removal  of  radium,  while 
lead,xone  of  the  end  products  of  the  uranium  family,  was  found  to  be 
almost  entirely  lacking. 

At  the  same  time  that  Mile.  Gleditsch^  announced  the  existence  of  a 
low  radium  :  uranium  ratio  in  autunite,  she  reported  a  high  ratio  (about 
16%  high)  in  thorianite  of  Ceylon.  The  explanation  of  a  high  ratio  ap- 
peared to  present  much  more  formidable  difficulties  than  the  low  ones. 
Mile.  Gleditsch  favored  the  view  that  either  ionium,  or  some  other  un- 
known member  between  uranium  and  radium,  had  a  much  longer  period 
than  previously  supposed,  necessitating  a  greater  lapse  of  time  for  equi- 
librium to  be  attained.  CcHisequently  aU  the  uranimn  minerals  according 
to  this  view  would  be  slowly  advancing  to  an  equilibrium  quantity  of 
radium  higher  than  that  in  most  pitchblendes. 

This  view  of  Mile.  Gleditsch's  did  not  find  general  acceptance.  Soddy 
and  Pirret^  had  also  examined  autunite,  pitchblende  and  thorianite;  and 
while  confirming  a  low  ratio  for  autunite,  as  already  stated,  they  failed  to 
find  a  difference  between  the  latter  two  exceeding  3%,  which  they  regarded 
as  within  their  limits  of  experimental  error. 

In  a  later  investigation  extended  to  a  much  larger  number  of  uranium 
minerals  MUe.  Gleditsch*  confirmed  her  earUer  r^ults,  finding  ratios  of 
tadium  :  uranium  varying  from  1.82  X  io~^  for  chalcolite  of  Saxony, 
to  3.74  X  lo"^  for  pitchblende  of  Cornwall;  while  from  two  pitchblendes 
from  Norway  she  reported  3.48  X  lo"^  and  3.64  X  IO~^  respectively. 

The  most  recent  experimental  contribution  to  this  subject  is  the  search- 
ing examination  by  Heimann  and  Marckwald^  of  the  radium  :  uranium 
ratio  in  eight  samples  from  all  the  principal  pitchblende  localities  of  the 
world,  including  Joachimsthal,  Saxony,  German  East  Africa,    Norway, 
Bohemia,  Colorado,  and  Cornwall.    Determinations  were  made  by  two 
>  entirely  different  methods,  the  emanation  method  and  the  gamma-ray 
method.    In  aU  eight  samples  constancy  of  the  radium :  uranium  ratio  was 
found  within  0.4%.    The  absolute  value  of  the  ratio  was  determined  by 
•comparison  with  a  radium  solution  having  its  origin  in  the  Hoenigschmid^ 
atomic  weight  radium  of  the  Institute  for  Radium  Research  in  Vienna 
.and  was  found  to  be  3.328  X  lo"^    The  satisfactory  agreement  of  this 
^Marckwald  and  Russell,  Ber.,  44,  77i~5  (1911);  Jahrb.  d.  Radioakl.  u.  Eke- 
.Uronik,  8,457  (1911). 
^Loc.  cU. 

*  Mile.  Gleditsch,  Le  Radium,  8,  256  (191 1). 

*  Heimann  and  Marckwald,  Jahrb.  d.  Radioakt,  u.  Eiektronik,  zo,  399  (191 3); 
Physik.  Z.,  14,  303  (1913). 

*  Hoenigschmid,  SiUb.  Vienna  Acad.,  Abt.  Ila,  lao  (Nov.,  191 1). 
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number  with  the  theoretical  value  of  the  ratio  as  calculated  from  radiation 
data  (see  calculation  by  Stefan  MeyerO  lends  it  a  great  degree  of  relia- 
biUty. 

Camotites  have  been  included  among  the  specimens  of  uranium  minerals 
examined  by  a  few  authors.  From  the  results  of  Boltwood*  and  of  McCoy, ^ 
no  abnormally  low  ratio  for  this  mineral  was  apparent,  while  MUe. 
Gleditsch^  reported,  for  a  sample  of  Colorado  camotite,  a  ratio  of  only 
2.34  X  lo"*^,  which  corresponds  to  about  70%  of  normal  ratio.  Marck- 
wald  and  Russell*  found  91.6%  of  normal  ratio  for  a  camotite  of  Colorado 
and  71.5%  for  one  of  Florida(?).  From  these  results  the  impression  seems 
to  have  been  general  that  camotite  always  has  a  low  ratio. 

The  increasing  importance  of  camotite  as  one  of  the  chief  sources  of 
radium  has  made  it  appear  desirable  to  undertake  a  thorough  examination 
of  the  radium  :  uranium  ratio  in  a  much  larger  number  of  samples  of  this 
mineral.  To  this  end  about  twenty  specimens  of  camotite  of  all  grades 
and  from  various  localities  have  been  examined.  By  way  of  anticipation,, 
it  may  be  stated  here  that,  on  stnall  samples,  we  have  confirmed  in  some 
cases  the  low  ratios,  finding  one  almost  as  low  as  that  of  Mile.  Gleditsch, 
which  is  to  be  regarded,  however,  as  very  exceptional.  On  the  other  hand, 
we  have  also  found  an  equal  number  of  high  ratios  (adso  in  the  case  of  smalt 
samples  only),  some  as  high  as  the  highest  ratios  found  by  Mile.  Gleditsch 
for  any  of  the  primary  minerals  and  one  considerably  higher,  4.6  X  io~^, 
which  is  the  highest  ratio  yet  reported  for  any  uranium  mineral. 

What  appears  to  us  to  be  of  the  greatest  significance  is  the  fact  that 
these  abnormal  ratios,  both  high  and  low,  occur  only  in  samples  repre* 
sentative  of  small  quantities  of  ore  (a  few  pounds),  while  all  samples 
from  large  lots  (i  ton  up  to  a  carload)  invariably  show  a  ratio  practically 
identical  with  that  of  pitchblende.  This  appears  to  us  to  suggest  strongly 
a  theory  of  transposition  within  the  ore  bed  rather  than  one  of  complete 
removal  by  leaching.  This  point  will  be  more  fully  discussed  in  the  Con- 
clusion; but  it  is  quite  evident  that  there  is  no  reason  to  suppose  camotite 
to  be  abnormal  in  ratio,  provided  the  determination  be  made  on  a  sample 
representative  of  a  considerable  portion  of  an  ore  bed,  while  rather  large 
deviations  in  both  directions  are  found  by  the  examination  of  small  samples. 
n.    Camotite  Samples. 

The  samples  of  camotite  investigated  have  been  chosen  with  the  object 
of  representing  the  principal  localities  in  Colorado  and  Utah  where  this> 
ore  has  been  found  in  any  quantities  of  importance.  All  grades  of  camotite 
from  1.5  to  33%  of  UsOg  have  been  included. 

The  samples  were  not  collected  by  the  authors,  nor  were  they  taken 
with  any  reference  to  geological  conditions  or  position  in  ore  beds  but  are 

^  Stefan  Meyer,  Ibid.,  12a  Qune,  1913). 
*Loc,cit. 
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simply  representative  of  camotites  as  they  come  on  the  market  either  as 
specimens  or  in  commercial  quantities.  As  already  mentioned,  a  special 
significance  attaches  to  the  specimens  representative  of  large  quantities 
of  ore.  Owing  to  the  magnitude  of  the  present  production  of  camotite 
ore  we  have  been  fortunate  in  obtaining  groimd  samples  representing 
large  quantities  of  carefully  sampled  ore  which  we  feel  is  of  the  utmost 
importance  in  obtaining  correct  values  for  radium  content.  We  wish  to 
take  this  opportunity  of  thanking  all  the  gentlemen  through  whose  courte- 
sies we  have  been  suppUed  with  these  samples. 

m.    General  Discussion  of  Methods. 

Two  distinct  determinations  enter  into  the  radium:  tu-anium  ratio 
which  contribute  equally  to  the  accuracy  of  the  result.  The  methods  of 
determining  radium  in  camotite  differ  little  from  those  employed  for  many 
other  uranium  ores  and  present  no  especial  difficulties,  provided  suitable 
methods  are  used  to  liberate  the  emanation.  We  have  employed  the 
emanation  method  exclusively  and  always  after  attainment  of  equilibrium 
in  the  samples,  sealed  in  glass  tubes  for  a  month  or  more;  accumulation 
methods  starting  from  zero  emanation  have  not  been  used.  Aluminium 
leaf  electroscopes  of  the  Wilson  t3rpe  were  used  with  discharge  chamber 
and  leaf  S3rstem  separate.  Calibration  was  made  by  means  of  analyzed 
pitchblende  from  Colorado  assuming  the  ratio  found  by  Heimann  and 
Marckwald^  of  3.328  X  10"^  to  be  correct. 

The  determination  of  uranium  in  camotite  does  present,  however,  ex- 
ceptional difficulties  owing  to  the  presence  of  vanadiiun,  and  many  of  the 
earlier  proposed  methods  of  separation  have  been  found  unsuitable. 
Full  details  of  the  method  which  we  have  found  satisfactory  are  given  in 
Section  VII  as  well  as  references  to  other  methods  which  we  have  em- 
ployed in  some  cases  for  control. 

The  low  uranium  content  of  most  camotites  as  compared  with  other 
higher  grade  ores  renders  it  difficult  to  attain  the  desired  degree  of  ac- 
curacy in  determining  the  uranium  and,  to  a  less  extent,  the  radium  con- 
tent. We  have  sought  to  overcome  this  difficulty  by  repeating  determi- 
nations frequently  and  by  emplo3ring  additional  methods  of  control  in  all 
cases  of  doubt.  These  same  precautions  have  also  been  used  in  the  radium 
determinations,  which  have  all  been  checked  by  two  independent  methods  - 
of  liberating  the  radium  emanation.  Bspedal  care  has  been  taken  in  the 
case  of  all  abnormal  ratios  to  be  sure  that  the  deviations  were  real  ones 
and  not  due  to  errors  in  the  meastu-ement  either  of  radium  or  uranium. 
We  believe  that  the  average  results  reported  in  Sections  VIII  and  IX  are 
accurate  to  within  1-2%. 

» Loc.  cit. 
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IV.    The  Emanating  Power  of  Camotite. 

The  term  "emanating  power"  was  used  first  by  Boltwood^  to  signify 
the  percentage  loss  of  emanation  from  a  radioactive  ore,  and  was  applied 
by  him  in  the  determination  of  radium  as  an  additive  correction  to  the 
quantity  of  emanation  liberated  by  direct  solution.  The  emanating 
power  for  many  samples  of  camotite  has  been  foimd  surprisingly  large 
in  the  present  investigation  (compare  Table  IV,  Col.  6)  varying  from  i6 
to  50%.  This  high  degree  of  emanating  power  is  not  only  to  be  noted  as 
one  of  the  distinguishing  characteristics  of  camotite  but  has  also  formed 
such  a  controlling  factor  in  the  experimental  procedure  that  it  deserves 
some  preliminary  attention. 

The  loss  of  emanation  by  th^  ore  is  due  to  a  diffusion  of  the  gas  and  is 
much  lower  (only  3  to  8%)  in  the  case  of  dense,  compact  minerals  like 
pitchblende  than  for  camotites  which  have  a  looser  mechanical  structiu:e. 
For  a  given  sample  it  is  doubtless,  as  suggested  by  Rutherford,*  dependent 
on  the  degree  of  fineness  of  the  ore.  We  have  not  undertaken  any  direct 
investigation  of  the  relation  between  emanating  power  and  fineness,  or 
any  other  property,  but  have  ascertained  that  fineness  cannot  be  the 
principal  controlling  factor  among  different  specimens,  as  there  is  no  re> 
lation  whatever  apparent  between  the  order  of  fineness  of  different  samples 
and  their  emanating  power. 

Evidently  a  given  percentage  error,  in  determining  the  emanating 
power  to  be  used  additively  in  obtaining  the  total  emanation  according 
to  Boltwood,  would  more  seriously  influence  the  final  result  in  case  of  a 
camotite  than  in  an  ore  where  its  relative  value  is  small.  Our  earlier 
results  showed  on  repetition  considerable  deviations  in  emanating  power, 
which  suggested  that  the  emanation  was  not  alwa3rs  removed  to  the  same 
degree  from  the  same  sample.  This  is  probably  due  to  differences  in  the 
amount  of  air  passed  over  the  ore,  or  differences  in  air  pressure  or  velocity, 
resulting  in  drawing  var3ring  amounts  of  emanation  out  of  a  mare  or  less 
porous  structure.  A  simple  remedy  suggested  itself  as  a  modification  of 
the  Bohwood  method,  namely,  to  make  the  determinations  of  the  emanating 
power  and  the  emanation  liberated  by  solution  strictly  complementary 
to  each  other,  in  the  sense  that  each  sample  dissolved  should  represent 
part  or  the  whcde  of  the  sample  from  which  emanation  had  just  been  drawn 
to  determine  the  emanating  power.  By  this  procedure  it  is  indifferent 
whether  various  determinations  of  emanating  power  are  concordant  or 
not  so  long  as  the  sums  obtained  by  adding  corresponding  determinations 
are  in  agreement  with  each  other.  That  the  latter  is  in  reality  the  case 
may  be  seen  from  Table  I,  in  which  it  will  be  noted  that,  for  each  ore,  the 
agreement  for  the  total  emanation  is  better  than  that  of  either  of  the  in- 

^  Loc.  cU. 

'  Rutherford,  "Radioactive  Substances  and  Their  Radiations,"  p.  364  (1913). 
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dividual  values  going  to  make  up  the  sum.  Only  a  few  examples  can  be 
given  in  the  table  illustrative  of  this  point,  because  it  was  soon  found  more 
convenient  to  determine  the  total  emanation  in  one  operation,  as  will  be 
described  below. 

TaBLS  I. — ^iLLUSTRAtlNO   ADVANTAOB   OF   "  COBfPLBMBNTARY "   EMANATION   MBTHOD. 

Total  eman.  in 
Bman.  power  in  Soln.  eman.  in  curies  X  10* 

Orc*No.i  cttriet  X  10*.  +         curies  X  10*.  -  per  1  g.  ore. 

2 15.0  87.1  102. 1 

17. 6  84.5  102. 1 
4 14.0  58.6  72.6 

11.7  60.8  72.5 

5 21.8  27.7  49.5 

23.6  26.2  49.8 

8 438  8.93  133 

4  45  8.50  13.0 

Unless  one  desires  to  know  the  emanating  power  itself,  it  is  simpler  to 
determine  the  total  emanation  in  one  operation  by  sealing  the  ore  in  a  very 
thin  bulb,  of  the  type  shown  in  Fig.  i,  for  a  month  or  more  before  breaking 
tmder  add  to  liberate  the  total  emanation. 

This  method  checks  excellently  with  the  "complementary"  modified 
Boltwood  method,  as  will  be  seen  from  Table  II.    The  bulb  (a),  of  4  to 

TaBLS  II. — COHPAltING  RESULTS  OF  "SEALBD  BuLB   METHOD"  (I)  FOR  ToTAL  EMANA- 
TION IN  ONB  OPmLATION,  WITH  "  COMPLBMBNTARY  MBTHOD"    (II). 

Bman.  power  in  Soln.  eman.  in  Total  eman.  in 

Ore  No.  caries  X  10*.         +  curies  X  10*.      -      caries  X  10*. 

14 I  11.09 

II     3906  7188  11.09 

15 I  8.08 

II  3488  4467  7.96 

16 I  708 

II  3-191  3916  711 

18 I  7.34 

II  1.224  6.156  7  38 

19 I      854 

II     2.993  5.606  8.60 

20 I  29-9» 

11  9.847  19-77  29.62 

21 I  23.61 

II  10.72  1^.12  33  84 

22 I       21.21 

II      3.445  17.64  21.09 

10  mm.  diameter,  according  to  the  quantity  of  ore  to  be  used,  is  blown 
very  thin  so  as  to  break  without  endangering  the  outer  flask  (/)  containing 
HNOs.  The  weighed  ore  is  introduced  into  the  bulb  through  (6)  and  then 
1  This  numbering  of  samples  is  the  same  as  used  throughout  the  paper.  See 
Section  VIII. 
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the  glass  stem  (c)  is  sealed  on  and  constricted  to  make  a  complete  seal  at 
(d)  the  upper  end  (e)  being  also  sealed  for  convenience.  The  whole  is 
introduced  through  a  double-bored  rubber  stopper  (g)  just  off  the  bottom 


Emanation  Method 
Using  Scaled  Tube 


of  the  flask  (/)  and  may  be  broken 
by  a  slight  downward  rap  on  (e). 
By  boiling  the  acid  the  ore  is 
readily  attacked  and  all  of  the 


o 


Carrtotit^ 


rto  gas  

burette  emanation  is  boiled  over  mto  a 

gas  buret  (compare  Fig.  ii).  The 
good  agreement  between  this 
method  and  the  one  already  de- 
scribed may  be  seen  from  Table  II. 
In  connection  with  fusion  meth- 
ods to  be  later  described,  it  was  of 
interest  to  know  the  emanating 
power  of  the  cold  solidified  mass 
resulting  from  the  fusion  of  car- 
notite  in  sodium  carbonate.  On 
ifivestigation  its  emanating  power 
proved  to  be  zero,  which  is  in 
marked  contrast  with  the  action  of 
camotite  in  the  cold  without  flux. 
Since  we  have  always  found  (com- 


/ 

c 

r 

(. 

*    \ 

«*%/ 

pare  Table  III)  great  difficulty  in  removing  emanation  even  out  of  the 
hot  fusion  of  camotite  in  NatCOrKsCQs  mixture,  although  the  same 
method  works  well  on  pitchblende  or  crude  sulfates,  the  following  sug- 
gested itself  to  us:  If  the  cold  fusion  loses  no  emanation,  while  the  ore 
alone  loses  large  percentages,  it  seemed  pkusible  that  a  direct  ignition  of 
the  ore  with  no  flux  might  bring  about  the  liberation  of  emanation  more 
readily  than  with  a  flux.  This  procedure  proved  eminently  successful 
with  camotite  (though  a  complete  failure  for  cmde  sulfates)  and  has 
served  ,in  all  cases  as  a  control  for  the  solution  method. 

Impracticability  of  Solid  Radiation  Methods  for  Camotite. — It  should 
also  be  noted  while  dealing  with  emanating  power  that  the  high  and.variable 
values  exhibited  by  camotite  seem  to  preclude  the  possibility  of  em- 
ploying, for  accurate  d<^temiination,  any  radiation  method  from  the  solid 
ore  for  either  alpha,  beta,  or  gamma  rays,  unless,  in  the  employment  of 
the  gamma-ray  method,  a  large  quantity  of  ore  could  be  kept  for  a  month 
and  then  measured  in  an  absolutely  tight  vessel. 

V.    Emanation  -Method  for  the  Determination  of  Radium. 

For  the  liberation  of  emanation  from  camotite  we  originally  proposed 

to  employ  three  methods:    (i)  Solution  in  boiling  i-iHNOi  (a)  corrected 

■"^    ''emanating  power"  by  the  "complementary"   method   already  de- 
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rscribedin  Section  IV;  (6)  by  a  single  operation,  by  dissolving  ore  in  equi- 
librium with  emanation  from  a  sealed  tube.  By  reference  to  Table  II 
it  will  be  seen  that  both  modifications  of  this  method  are  equally  suitable. 
(2)  Fusion  with  a  NatCOs-KsCOs  mixture,  which  is  later  fused  again  in  a 
Jena  glass  tube.  This  method  will  be  seen  from  Table  III  to  give  very 
low  results  for  camotite  and  was  soon  abandoned.  Perhaps  by  means  of 
electrical  heating  to  a  higher  temperature  the  emanation  could  be  expelled 
from  the  fusion.  The  heating  employed,  both  here  and  for  the  direct 
ignition  method,  was  by  jneans  of  a  M6ker  burner.  A  Jena  glass  tube, 
into  which  the  ore  or  fusion  is  introduced  directly  (without  boat)  and  held 
in  place  by  glass  wool  plugs,  was  held  in  the  bare  flame  of  this  burner. 
<3)  Direct  ignition  of  the  ore  imder  conditions  just  described.  This  method 
^as  suggested  by  the  high  emanating  power  of  camotite  and  has  proved 
entirely  satisfactory,  giving  results  which  accord  well  with  those  of  the 
solution  method  (cf.  Table  III). 

In  the  solution  method  the  emanation  always  was  allowed  to  stand  in 
^  gas  buret  for  ten  minutes  before  passing  into  the  electroscope,  to  allow 
any  possible  thorium  emanation  to  decay;  while  in  the  ignition  method 
3ir  was  passed  directly  over  the  heated  ore  through  a  small  H2SO4  drying 
bulb  into  the  exhausted  electroscope.  The  fact  that  both  methods  give 
•concordant  results  indicates  the  absence  of  thorium  in  camotite.  This 
is  further  supported  by  the  retiun  of  the  natural  leaks  of  the  electroscopes 
after  a  few  hours  to  their  original  values,  which  would  not  be  the  case  for 
the  induced  activity  of  thorium.  (4)  Fusion  with  NatCOs-KtCOs  followed 
by  solution  in  5%  NacCOs,  filtration,  solution  of  the  residue  in  1-3HNO8, 
and  subsequent  boiling  off  of  both  alkaline  and  acid  solutions.  This 
method,  which  is  referred  to  as  the  fusion  and  solution  method  in  Table 
III,  will  be  seen  to  give  results  about  10-20%  low.  This  we  attribute  to 
the  almost  invariable  precipitation  of  some  colloidal  silica,  involving  the 
adsorption  of  radium  and  consequent  loss  of  some  emanation. 

Of  the  four  methods  tried,  two  were  found  suitable  and  two  unsuitable, 
as  will  be  seen  from  the  comparative  results  in  Table  III. 

TaBLB    III. — COMPARATIVB    RBSULTS   OP    DiPPBRJSNT    MBTHODS   FOR    DB-BMANATING 

Carnotitbs. 

Total  emanation  in  curies  X  10*  by  method: 

(1)  Solution  in       (2)  Puaion  with  (4)  Pudon  and 

Ore  No.  l-lHNO».  Nat-KsCO».       (3)  Ignition.  solution. 


2 IOI.4                  63 

4 72.6 

13 7  83                 2 

14 11.09 

15 8.08 

16 7.^1 

17 8.66 


62 


98.0 

83.0 

73.3 

53.8 

7.89 

6.30 

11.63 

8.92 

.... 

6.98 

717 

8.65 

7.38 
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FigZ 
Apparatus   for 
DUsohing  Carnotitc 

and 
Cofhcting  the  LmanoHif 


i 


Solution  and  Boiling  off  the  Emanation  requires  no  especial  explanation. 
The  apparatus  is  shown  in  Fig.  ii. 

Hot  water  containing  some  NaOH  is  used  in  the  gas  buret  (A) ;  i-iHNQj 
is  used  as  solvent  in  flask  (/).    A  glass  stopcock  at  (5)  has  been  found  more 

convenient  than  rubber  tubing  and  a  clamp. 
All  possibility  of  loss  of  emanation  by  the 
passage  of  water  into  the  side  arm  (0  is 
avoided  by  allowing  all  air  to  pass  up  into  {h) 
before  the  bulb  (a)  i&  broken.  In  case  of  an 
ore  not  sealed  in  glass,  the  same  may  be  ac- 
complished by  folding  a  filter  paper  containing 
ore,  so  that  it  remains  in  the  ntck  of  flask  (/) 
until  all  air  is  expelled  and  the  steam  softens 
the  paper,  allowing  it  to  drop  into  the  add. 
The  stopcock  should  be  closed  at  this  time,  or 
on  breaking  the  glass  bulb,  and  then  gradually 
opened  to  prevent  a  sudden  rush  of  gas  from 
carrying  undissolved  ore  up  into  the  alkali. 
Pitchblende  used  for  standardization  purposes 
was  treated  in  the  same  way  as  camotite^ 
either  directly  with  correction  for  emanating^ 
power  or  from  a  glass  tube  which  had  beea 
sealed  one  month. 

For  the  ignition  method  the  ore  was  sealed 
in  a  straight  piece  of  Jena  combustion  tubing^ 
drawn  down  to  capillary  points  at  both  ends.. 
The  tubes  were  about  4  to  10  mm.  internal 
diameter,  depending  upon  the  volume  of 
the  sample,  and  about  15  to  20  cm.  long.  The  weighed  oore  was 
introduced  through  one  end,  which  was  then  drawn  out  and  sealed.  The 
ore  is  held  in  place  in  the  middle  portion  of  the  tube  by  means  of  glass  wool 
plugs.  After  standing  one  month  or  more  the  tube  was  connected  through 
H2SO4  micro-drying  bulbs  (cf .  Fig.  2a)  to  the  exhausted  electroscope  oa 
one  side  and  to  the  outside  air  on  the  other  side.  After  breaking  the 
capillary  ends  inside  the  rubber  connections,  air  was  allowed  to  sweep  over 
the  ore,  the  tube  being  heated  by  a  M^er  biuner  (i  Vie  inch  grating)  until 
the  Jena  glass  completely  collapsed.  This  treatment  will  be  seen,  by 
reference  to  Table  III,  to  give  complete  de-emanation: 

VI.    The  Electroscope  Measurements. 
Two  electroscopes  were  employed,  both  of  the  Wilson  type,  with  sulfur 
insulation  between  the  leaf  chamber  and  the  ionization  chamber  below. 
The  volumes  of  the  latter  were  about  i  and  V«  lit^»  respectively,  the 
former  cubical  and  the  latter  cylindrical  in  shape. 
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Perhaps  because  of  the  symmetrical  shape  of  the  ionization  chambers 
it  appeared  to  make  little  difference  whether  equilibrimn  with  induced 
activity  was  attained  with  or  without  a  charge  on  the  instrtmient.  Con- 
sequently, after  allowing  the  gas  to  remain  in  the  electroscope  for  three 
hours,  a  charge  was  put  on  for  lo  to  15  minutes  before  taking  a  series  of 
ten  readings  over  40  scale  divisions.  Quantities  of  riq  2,  a 
■emanation  were  usually  introduced  such  as  to  give  a^^^^^y^^J^'^i^"'^ 
<lischarge  of  about  i  division  per  second. 

Standardization  was  carried  out  by  dissolving  about 
40  mg.  of  carefully  analyzed  (cf.  Sections  VIII  and 
XII)  pitchblende  of  Colorado  in  boiling  i-iHNOs,  as- 
suming the  Ra/U  ratio  as  3.328  X  io~^  according  to 
Heimann  and  Marckwald.^  The  analysis  of  pitch- 
blende was  carried  out  by  the  method  employed  for 
•camotite  (cf.  Section  VII),  with  the  omission  of  the 
procedure  for  the  separation  of  vanaditun. 

Daia  for  Standard  Pitchblende, — One  gram  of  stand- 
ard pitchblende  contains  0.765  g.  UsOg  ~  0.649  g. 
U   =   2.16   X   io~^  g.   radium.      Emanating   power 
=  2.7%.     Therefore,  i  mg.  dissolved  directly  gives  2. 
of  radiiun  emanation. 

As  a  control  of  standardization  of  the  electroscopes,  before  each  de- 
termination a  gamma-ray  pieasurement  was  carried  out  by  placing  a  sealed 
^lass  tube,  containing  about  i  mg.  of  radium  element  in  a  tube  fixed  to 
the  base  of  the  dischai^  chamber,  and  measuring  the  rate  of  the  discharge 
produced,  which  usually  remained  practically  constant.  Deviations  of 
2  to  3%,  attributable  to  variations  in  pressture  and  temperature  of  the  air, 
^ere  used  as  direct  corrections  instead  of  the  usual  barometric  and  tem- 
perature corrections.  Deviations  greater  than  2  or  3%  were  attributed 
to  changes  in  the  leaf  system,  necessitating  recaUbration.  New  calibra- 
tions were  not  found  necessary  oftener  than  in  i  to  2  months. 

Emanation  was  introduced  into  the  partially  exhausted  chamber 
through  a  micro-drying  tube  filled  with  H1SO4  (cf.  Pig.  2a),  any  possible 
spray  from  which  was  prevented  from  entering  the  chamber  by  a  short 
layer  of  cotton  batting.  After  using  the  electroscope,  the  emanation  was 
immediately  removed  by  a  current  of  dry  air  taken  from  outside  the 
laboratory  and  the  natural  leak  of  the  instrument  determined  the  following 
day,  before  use. 

Vn.    The  Determinatioii  of  Uranium. 

The  method  which  we  have  found  most  satisfactory  for  the  determina- 
tion of  uranium  in  camotite  is  a  gravimetric  one  given  below  in  full  detail, 
including  the  volumetric  determination  of  vanadium.    Although  having 
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no  direct  bearing  on  the  present  subject  we  include  in  Section  VIII  the 
data  for  vanadium  in  order  to  illustrate  its  occurrence  in  t3rpical  camotites. 

Gravimetric  Method  for  Vanadium  and  Uranium  in  Camotite^  and  Other 
Ores. — ^Treat  from  2-5  g.  of  ore,  according  to  the  amount  of  V,  Fe,  and  U 
present,  in  a  covered  beaker,  with  10  cc.  HCl  and  let  it  stand  fifteen  min- 
utes with  occasional  shaking.  Add  5  cc.  HNOs  and  heat  on  a  steam  bath. 
When  quiet,  remove  the  cover  and  evaporate  to  dryness.  Add  3  cc.  HCl 
and  5  cc.  H2O  to  the  residue  and  let  it  stand  on  the  steam  bath  for  a  few 
minutes,  stirring  occasionally.  Dilute  with  25  cc.  hot  water,  filter  into- 
a  small  beaker  and  wash  the  residue  with  warm  water. 

Some  ores  do  not  yield  all  the  V  to  this  treatment;  a  little  of  it  may 
remain  with  the  insoluble  residue.  To  make  sure  that  all  V  is  in  solution- 
ignite  the  residue  in  a  platinum  dish,  treat  it  with  5  cc.  of  HF  and  evaporate* 
to  dryness  on  a  steam  bath.  Do  not  bake  the  residue.  It  is  not  necessary 
to  expel  all  SiOa.  Add  3  cc.  of  HCl  to  the  residue  from  the  HF  treatment, 
and  evaporate  to  dryness.  Repeat  this  treatment  to  insure  expulsion  of 
HF.  Treat  the  residue  with  2  cc.  of  HCl  and  2  cc.  H2O  and  manipulate 
until  any  red  crust  is  dissolved,  dilute  the  solution  with  water  and  filter 
it  into  the  main  liquid. 

Pass  HjS  into  the  liquid  to  separate  copper,  etc.,  filter  and  boil  the  Uquid 
to  expel  H2S.  Concentrate  the  liquid  to  100  cc.  if  necessary,  and  oxidize- 
it  with  an  excess  of  H2O3  and  then  neutralize  with  dry  NatCOs,  adding 
2  or  3  g.  in  excess.  Boil  the  liquid  for  about  .fifteen  minutes,  until  the 
yellowish  U  precipitate  dissolves,  leaving  a  brown  precipitate  which  is. 
principally  iron.  Filter  and  wash  the  iron  precipitate  with  water,  re- 
serving the  filtrate.  Dissolve  the  iron  precipitate  in  the  least  possible 
amount  of  HNOs  (i-i),  and  add  10  cc.  of  H2O2,  neutralize  with  NatCOs* 
add  an  excess  of  2  g.  and  boil  as  before.  Filter  into  the  beaker  containing- 
the  first  filtrate.  The  iron  precipitate  may  contain  a  httle  V — ^reserve  it 
for  further  treatment. 

Concentrate  the  united  filtrates  from  the  iron  precipitation  to  a  volume 
of  about  200  cc,  add  10  cc.  of  strong  HNO3  and  boil  until  all  CO2  is  ex- 
pelled. Neutralize  the  free  acid  with  ammonia  (until  a  slight  permanent 
precipitate  appears),  then  add  4  cc.  of  HNOs  for  each  100  cc.  of  liquid. 
Now  add  10  cc.  of  a  20%  lead  acetate  solution,  and  enough  (about  20  cc.)* 
of  a  strong  solution  of  ammonium  acetate  to  reduce  the  hydrogen  ion 
concentration  approximately  to  that  of  acetic  acid.  The  object  is  to  pre- 
cipitate the  V  as  lead  vanadate  in  an  acetic  acid  solution.  The  ammonium 
acetate  solution  may  be  made  by  mixing  80  cc.  of  strong  ammonia,  100  cc. 
of  water  and  70  cc.  of  99%  acetic  add. 

Heat  the  liquid  containing  the  lead  vanadate  precipitate  on  the  steam 
bath  for  one  hour  or  more,  filter  on  a  tight  filter  and  wash  with  warm  water.. 

^  Cf.  U.  S.  Bureau  of  Mines,  Bulletin  70,  by  R.  B.  Moore  and  K.  h.  Kitiiil,  p.  68. 
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Dissolve  the  precipitate  in  the  least  possible  quantity  of  hot  dilute  (not 
stronger  than  1-3)  nitric  acid,  neutralize  a3  before,  add  3  cc.  of  HNOi 
in  excess,  add  2  cc.  of  lead  acetate  solution  and  repeat  the  precipitation 
of  lead  vanadate  by  adding  ammonium  acetate  in  excess,  filter  and  add 
the  filtrate  to  the  first  one.  Reserve  the  precipitate  of  lead  vanadate  for 
treatment  described  below.  Concentrate  the  imited  filtrates  from  the 
lead  vanadate  to  about  400  cc.,  add  10  cc.  of  strong  H2SO4  to  separate  the 
bulk  of  the  lead  (derived  from  the  excess  of  lead  acetate)  as  PbS04,  filter 
it  oflF  and  wash  with  cold  HjO.  Neutralize  the  filtrate  from  the  PbS04 
with  ammonia  and  add  freshly  prepared  (NH4)HS  imtil  the  solution  is 
yellow  and  the  uranium  and  what  little  lead  is  present  are  separated  as 
sulfides.  Warm  the  mixtiu-e  on  a  steam  bath  until  the  sulfides  settle  well. 
Filter  and  wash  dighily  with  warm  water. 

Dissolve  the  ppt.  with  hot  dilute  nitric  acid  (1-2)  and  collect  the  solution 
in  a  No.  2  beaker,  add  5  cc.  of  HsS04  and  evaporate  to  the  appearance  of 
fumes,  cool  and  take  up  with  water,  boil  and  let  the  small  amount  of 
PbS04  settle  until  the  solution  is  cold,  filter  it  off  and  wash  it  with  very 
Uttle  dilute  HtS04. 

Separatum  of  Alumina. — Nearly  neutralize  the  filtrate  with  ammonia; 
have  the  solutions  cool  (not  over  30**)  and  add  powdered  carbonate  of 
ammonia  in  about  2  g.  excess,  let  the  precipitate  of  altunina  settle,  filter 
it  off,'  wash  with  warm  water  and  if  it  appears  to  be  a  considerable  amoimt, 
or  is  at  all  yellow  in  color,  dissolve  it  in  a  little  dilute  HtS04  and  repre- 
cipitate  with  ammonium  carbonate  as  above.  Acidulate  the  filtrate  from^ 
the  alumina  with  HiS04,  boil  thoroughly  to  expel  COj,  make  the  liquid 
slightly  alkaline  with  NH4OH  while  it  is  hot  and  heat  on  the  water  bath 
until  the  ammonium  lu-anate  collects  and  settles.  Filter  and  wash  with 
very  dilute  (NH4)N0a  (2%).  Do  not  allow  the  precipitate  to  nm  dry 
cm  the  filter  after  the  first  washing.  Dry  the  precipitate  and  ignite  it  in 
porcelain,  weighing  as  UsOg.  Dissolve  the  precipitate  in  HNOj  and  test 
it  with  H2O2  for  vanadium  and  with  (NH4)2C03  for  aluminium. 

Dissolve  the  lead  vanadate  in  dilute  nitric  acid,  add  10  cc.  of  H2SO4 
and  evaporate  the  mixture  imtil  fumes  appear.  Cool,  take  up  with  water, 
and  add  fusion  solution  (see  following  paragraph),  add  10  cc.  of  concen- 
trated solution  of  SOi  to  the  mixture,  boil  until  the  excess  of  SO2  is  expelled 
and  titrate  the  hot  solution  with  potassium  permanganate  solution.  The 
reduction  of  the  solution  by  SO2  is  from  VjO^  to  V2O4.  It  is  not  necessary 
to  filter  out  the  lead  sulfate  before  boiling  to  expel  SO2.  The  boiling  is 
best  done  in  a  large  flask.  In  expelling  the  excess  of  SOt,  it  is  necessary 
to  boil  the  liquid  for  at  least  ten  minutes  after  the  odor  of  SO2  can  no 
longer  be  detected. 

The  iron  precipitate,  which  was  produced  by  the  addition  of  NajCOg 
and  HsOs  to  the  original  acid  solution,  may  contain  vanadium.     Ignite 
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it  in  a  platintim  crucible  and  fuse  it  with  NasCOs*  leach  the  fusion  with 
water,  filter,  acidulate  the  filtrate  with  H2SO4  and  add  it  to  the  main 
solution  before  reducing  with  SOt  or  reduce  and  titrate  it  separately  if 
preferred. 

For  the  details  of  other  methods  of  control  one  is  referred  to  Bulletin 
70f  of  the  Bureau  of  Mines,  1913  and  1914,  pp.  82  to  91. 

In  general,  it  may  be  stated  that  the  most  prevalent  errors  in  tjte  de- 
termination of  uranium  result  in  the  precipitation  of  some  other  material, 
such  as  Si02,  AlaOs,  or  V2O5,  along  with  uranium,  which  would  produce  a 
low  Ra/U  ratio.  To  guard  against  the  former  two  possibilities,  we  have 
usually  redissolved  UsOg  and  passed  the  solution  through  a  Jones*  ^reductor 
to  determine  uranium  volumetrically  by  titration  with  KMn04. 
Vin.    Experimental  Data  for  Camotites. 

No.  X.*  A  sample  from  65  lbs.,  Cripple  Creek  claim.  Long  Park,  Paradox  Val- 
leyi  Colorado.  Per  cent.  UiOa:  2.10,  2.08,  2.12;  Av.  2.0^  =  1-7^%  U-  Av.  per 
cent.  VjOj,  2.53.  Ra  per  g.  X  lo*  :  5.94;*  6. 11;  and  5.99  (ignition  method).  Av. 
6.02  X  io~*  g.     Em.  power  =  29.6%.     Ra/U  ^  3 .38  X  10""^. 

No.  2.  A  small  sample  from  the  "Rajah"  claim.  Roc  Creek,  Pcfradox  Valley, 
Colorado.  Per  cent.  UaOg:  33.19,  33.24;  Av.  33.22  =  28.18%  U.  Av.  per  cent 
VtOj,  14.05.  Raper  g.  X  10*:  1.50  -h  8.71  =*  10.21;  1.67  -t-  8.34  «  10.01;  1.76  -f 
8.44  «  10.20;  Ay.  10.14  X  io~^g.    Em.  power  —  16.2%.     Ra/U  =  j.fp  X  J0~^. 

No.  3.  A  small  sample  from  *^ Black  Fox"  claim,  Bull  Canon,  south  of  Paradox 
Valley,  Colorado.  Per  cent.  UsOg:  1.63^  1.57,  1.60,  1.58;  Av.  i  .$95  =  ^-35'%  U. 
Av.  per  cent.  V2O6,  5. 22.  Ra  per  g.  X  lo*:  2.15  -|-  2.06  =  4. 21,  4.29,  4.30,  4.23 
(ignition);  Av.  4.26  X  io~^  g.     Em.  power  «  so. 5%-     Ra/U  ^3.16  X  /o~^. 

No.  4.  A  small  sample  from  "Florence"  claim,  Long  Park,  Paradox  Valky 
Colorado.  Per  cent.  UgOa:  23.54,  23.42;  Av.  23.48  =  19  92%  U.  Av.  per  cent 
ViOt,  10.63.  Raperg.  X  lo":  1.404  -h  5.861  =  7. 27;  1. 166  +6.082  =  7. 25;  7.33 
(ignition).    Av.  7.28  X  io~^  g.     Em.  power  17.7%.     Ra/U  -3.66  X  icT"^. 

No.  5.  Small  sample  from  a  Curran  claim.  Long  Park,  Paradox  Valley,  Colorado. 
Per  cent.  UsOg:  24.03,  23.43,  24.75,  24.37;  Av.  24.2$  -  20.60%  U.  Av.  per  cent. 
VsOs,  13.51.  Raperg.  X  io»:2.i8  +2.77  =  4.95;  2.36  -1-2.62  =  4.98;  4. 95»  4-97 
(ignition);  Av.  4.96  X  J0~^  g.     Em.  power  45. 8%.     Ra/U  »  2.41  X  io~^ 

No.  6.  A  small  sample  of  a  concentrate  prepared  by  a  method  which  may  have 
affected  its  Ra/U  ratio.  •  Hence  the  data  of  No.  6  are  not  included  in  Table  IV.  Per 
cent.  UiOg:  9  20,  9.05.  Av.  9.125  «  7  74%  U.  Av.  per  cent.  VjO*,  10.08.  Ra 
per  g.  X  10':  2.166,  2.167;  2.184  (ignition);  Av.  2.17  X  lo"*  g.  Em.  power  - 
30.4%.     Ra/U  =  2.80X  io^\ 

No.  7.  Small  sample  from  "Florence"  claim,  Long  Park,  Paradox  Valley,  Colo- 
rado. Per  cent.  UjOg:  316,  3.i7»  323,  319;  Av.  3.18$  =  2./o%  U.  Av.  percent. 
V20ft,  4.82.  Ra  per  g.  X  10®:  4.26  +  6.35  =  10.61,  10.86,  10.58  and  10.60;  10.94 
(ignition);  Av.  10.72  X  io~^  g.     Em.  power  =  39  7%-     Ra/U  ^3.97  X  lO'^. 

No.  8.  Sample  of  3,016  lbs.  from  a  Cummings  claim,  Bull  Canon,  south  of  Para- 
dox Valley,  Colorado.     Per  cent.  UiOg:  4.78,  4.72,  4.62,  4.61.     Av.  4.68  «  3-97% 

^  The  order  of  numbering  is  one  of  convenience  only,  but  the  same  numbers  have 
been  used  for  the  same  ores  throughout  the  paper. 

•  Ra  values  consisting  of  the  sum  of  two  determinations  refer  to  the  "complemen- 
tary" method;  those  without  designation  refer  to  method  of  total  emanation  by  sta- 
tion in  one  operation;  ignition  methods  are  designated  as  such. 
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U.  Av.  per  cent.  ViO».  4.10.  Raperg.  X  io*:4.38  +  8.93  =  I3.3i;4.45  +8. 50  - 
12.95;  12.42,  12.90  (ignition),  13. 67;  Av.  13.0$  X  /o~»  g.  Em.  power  -  339%. 
RaAJ  =  J.2i>  X  /o-». 

No.  9.  Sample  of  29,118  lbs.  from  same  locality  as  No.  8.  Per  cent.  UsOi:  i  .52, 
1.57.  1.48.  Av.  1.S23  =  i.2g%  U.  Av.  per  cent.  VjO»,  4.00.  Ra  per  g.  X  lo*: 
1.052  +3.294  =  4-35;o.7i9  +  3500  =  4.22,4.43,4.41  (ignition).  Av.^.jj  X  io~» 
g.     Em.  power  =  20.4%.     Ra/U  ^  3.42  X  10"''. 

No.  10.  Sample  of  about  4,000  lbs.  from  same  location  as  No.  5.  Per  cent. 
UiOi:  2.45,  2.35,  2.48.  Av.  2.40  =  2.04%  U.  Av.  per  cent.  ViOj,  5.27.  Ra  per 
g.  X  lo':  7.23,  7.40,  7.30  (ignition).  Av.  7.JI  X  10"*  g.  Em.  power  «  29.0%. 
Ra/U  ^  3.S8  X  io-\ 

No.  XX.  Small  sample  from  Melrose  claim,  Green  River  District,  Utah.  Per 
cent.  UiOg:  4 .  14,  4 . 1 1 ,  4 .  12,  4 .  16.  Av.  4.13  =  j  .50%  U.  Av.  per  cent.  VjO»,  5 .07. 
Raperg.  X  lo':  4.83  +  5.74  -  10.57;  5.05  +  573  »  10.78,  11. 12,  10.87;  (igni- 
tion) 11.41.     Av.  10. QS  X  /o~'  g.    Em.  power  =  45.1%.     Ra/U  =  J./J  X  io~^. 

[No.  X2.  (Standard)  Pitchblende  from  Kirk  Mine,  Gilpin  Co.,  Colorado.  Per 
cent.  U|Oi:  76.40,  76.58.  Av.  76.30  »  64. q%  U.  Ra  per  g.:  2.16  X  10"^  (calcula- 
ted from  Heimann  and  Marckwald's*  Ra/U  ratio  3 .328  X  io~^,  also  in  close  agree- 
ment with  a  sample  of  analjrzed  pitchblende  of  known  radium  content  from  Boltwood). 
Em.  power  2 . 7%  by  two  determinations  of  5 .  98  and  5 .  73  X  lo""'  curies,  respectively.  ] 

No.  X3.  Sample  of  a  carload  lot  (ca.  30  tons)  from  the  claims  of  the  Crucible 
Steel  Co.,  Long  Park,  Colorado.  Per  cent.  UjOi:  2.74,  2.82.  Av.  2.7*  =  2.36%  U. 
Av.  per  cent.  VjOt,  4.67.  Ra  per  g.  X  lo':  3.51  -h  4.32  »  7.83;  (ignition),  7.89. 
Av.  y.86  X  10-^  g.     Em.  power  «  44  7%.    Ra/U  «  J.J4  X  JO"^. 

No.  14.  Sample  of  carload  lot  (ca.  25  tons)  from  the  same  locality  as  No.  13. 
Per  cent.  UiOt:  391,  3-95.  Av.  3.Q3  =  J.JJ%  U.  Av.  per  cent.  VjO»,  512.  Ra 
pcrg.  X  lo':  3.90  -h  7.19  =  ii;o9,  11.09.  Av.  ji,oq  X  io~*  g.  Em.  power  «  35-2%. 
Ra/U  »j.jjX/o-^ 

No.  X5.  Sample  of  a  carload  lot  (ca.  20  tons)  from  same  locality  as  No.  13.  Per 
cent.  U|Oi:2.85,  2.82;  Av.  2.5*J5  «  2.i/i%U.  A  v.  percent.  ViO*,  4.72.  Raperg.  X 
ID*:  3.488  -I-  4467  *  7.955, 8.076;  Av.  8.02  X  lor* g.  Em.  power  -  43.4%.  Ra/U  » 
3-33  X  /0-7. 

No.  x6.  Sample  of  a  carload  lot  (ca.  22  tons)  from  some  locality  as  No.  13.  Per 
cent.  UiO»:  2.52,  2.54;  Av.  2. 5J  ^  2.i6%V,  Av.  per  cent.  ViO»,  3 .  75.  Raperg.  X 
lo*:  3. 191  +  3916  =  7.107,  7.077  (ignition)  7. 219*  7-174;  Av.  7.14  X  io~*  g. 
Em.  power  =  44.9%-     Ra/U  -  J.J2  X  10"''. 

No.  X7.  Sample  of  a  carload  lot  (ca.  19  tons)  from  same  locality  as  No.  13.  Per 
cent.  UjO»:  3. 05,  3.03,  3.06;  Av.  3.0$  «  2.59%  U.  Av.  per  cent.  VfOj,  4.66.  Ra 
per  g.  X  lo':  8.66,  8.65  (ignition).  Av.  8.66  X  io~*  g.  Em.  power  =  47. 7%. 
Ra/U  ^  3.34X  io-\ 

No.  x8.  Small  sample  from  Kelly  Lode  No.  3,  west  of  Mclntyre  District,  Colorado, 
near  Utah  boundary.  Per  cent.  UsO»:  25.63,  25.71;  Av.  2$. 67  «  21.77%  U.  Av. 
percent.  VjOi,  22.3.  Ra  per  g.  X  io«:  1.224  +  6.156  *  7  3®.  7.34»  7. 37  (ignition). 
Av.  7.36  X  10-^  g.    Em.  power  =  16.6%.    Ra/U  ^  3 .38  X  /o~^  , 

No.  X9.  About  60  lbs.  of  a  composite  sample  of  several  ores.  Per  cent.  UaOt: 
3.18,  3.26,  3.17,  3. 10; Av. 3. 18  =  2.70%  U.  Av.  per  cent.  VjOt,  4.03.  Raperg.  X 
io»:  (ignition)  8.902,  8.935;  Av.  ^.p2  X  W*  g.  Em.  power  =  33  5%-  Ra/U  « 
J. 30  X  10"^. 

No.  30.  A  small  sample  from  Horse  Mt.,  Eagle  County,  Colorado.  Per  cent. 
UiOi:  7.81,  7.75;  Av.  7.78  =  6.60%  U.     Av.  per  cent.  VjOs,  8.80.     Ra  per  g.  X  lo*: 

^  Loc.  cit. 
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9 .  85  -h  19 .  77  —  29  62,  29 . 91 ,  30 .  62  (ignition)  30 .  98.     Av.  30 .  j  X  iC^  g.     Em.  power 
«  29.6%.     Ra/U  ^  4-59  X  'o^^ 

%  No.  az.  A  small  sample  from  a  Meyer's  daim,  South  Park,  Colorado.  Per  cent 
UiOa:  9.52,  9 -20;  Av.  Q.36  =  7-94%  U.  Av.  per  cent.  ViO»,  3.85.  Ra  per  g.  X  io«: 
1.07  +  1.31  =*  2.38, 2.36, 2. 37  (ignition).  Av.  2 .37  X  10"* g,  Em.  power  =  45.2%. 
Ra/U  =  2.pp  X  io-\ 

No.  22.  A  lot  of  several  hundred  pounds  from  the  Wade  and  Taylor  claims.  Pac 
Creek,  near  Moab,  Utah.  Per  cent.  U»Oi:  7.52  «  6.38%  U.  Av.  per  cent.  VA. 
11.23.  Ra  per  g.  X  lo*:  0.344  H-  1.764  =  2. 1 1,  2.12  (ignition)  2.15.  Av.  2,13  X 
io~^  g.     Em.  power  «  16.2%.     Ra/U  '^  3.34  X  /o~^ 

No.  23.  Sample  of  1,120  lbs.  from  the  same  locality  as  No.  22.  Per  cent.  U^Oi: 
11.62  =  g.86%  U.  Ra  per  g.  X  10*:  3  29,  3.26  (ignition).  Av.  3.28  X  io~*  g. 
Em.  power  «  25.1%.     Ra/U  ^  3  33  X  lo"^ 

No.  24.  Sample  of  about  one  ton  of  ore  of  unknown  origin,  very  finely  ground, 
suspected  of  being  a  mill  product  from  which  radium  had  been  largely  removed,  and 
mixed  with  a  low  grade  camotite.  Per  cent.  UaOi:  8 . 83,  8 . 85.  Av.  8.84  ^  7.50%  U. 
Av.  per  cent.  VjO*,  6.87.  Ra  per  g.  X  ^o*:  3.99,  3.88,  4.24  (ignition).  Av.  4.04  X 
10^*  g.    Ra/U  ^  0.S4  X  io-\ 

N0T8. — The  reasons  for  distrusting  this  sample  as  not  being  a  natural  camotite 
ore  are  rather  numerous.     Its  Ra/U  ratio  is  very  abnormally  low,  its  origin  could  not 

Tablb  IV. — Summary  op  Expbrimsntal  Data  for  Carnotitbs. 

%nonnaI 
ratio  (pitcb- 
Ore  %  %       G.  Ra.X10*  Bnumatfaig     Ra/U        blende - 

No.  LocaUty.i  UiOi.  U.        per  1  g.  or«.  power  in%.    X 10^         100%). 

5     Paradox  Valley 24.25        20.6  49.6  45.8        2.41  72.4 

21  South  Park 9.36  7.94        23.7  45.2         2.99  89.8 

II     Green  River,  Utah . .       4.13  3.50        10.95        45.1        3.13  94.0 

3  South  of  Paradox... .       1.60  j.35  4.26        50.5        3.16  94.9 

8  South  of  Paradox —       4.68  3.97         13.05        33.9       .3.39  98.8* 

19  (A  mixture) 3.18  2.70  8.92        33.5        3.30  991 

16  Long  Park 2.53  2.16  7. '4        44-9        332  99  7* 

14  Long  Park 3.93  3.33  11.09  35.2  3.33  100. o* 

15  Long  Park 2.84  2.41  8.02  43.4  3.33  100. o* 

23  Moab,  Utah 11.62  9.86  32.8  25.1  3.33  100. o* 

13  Long  Park 2.78  2.36  7.86  44.7  334  100.3* 

17  Long  Park 3.05  2.59  8.661  47.7  3.34  100.3* 

22  Moab,  Utah 7.52  6.38  21.3  16.2  3.34  100.3* 

18  Mclntyre  District. . .     25.67        21.77        73-6  16.6        3.38        101.5 

1  Long  Park 2.10  1.78  6.02        29.6        3.38        101.5 

9  South  of  Paradox... .       1.52  1.29  4.35        20.4        3.42         102.7* 
lo    Paradox  Valley 2.40          2.04  731         29.0        358        1075* 

2  Paradox  Valley 33.22         28.18       101.4  16.2        3.59        107.8 

4  Long  Park 23.48        19-92        72.8  17.7        3.66        109.9 

7    Long  Park 3  19  2.70        10.72        39.7        3.97        119. 2 

20  Eagle  County 778  6.60  ,     30.3  29.6        4.59        1378 

Av.,    loi  .8 
>  In  Colorado  when  not  otherwise  specified.     See  preceding  sections  for  fnller  de- 
tails. 

*  AD  samples  starred  represent  large  quantities  of  ore  (several  faundied  pounds  up 
to  25  tons). 
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be  ascertained.  Examxxied  under  the  tnicrosGope,  it  appears  full  of  a  net  work  of  ays* 
talline  needles  partly  soluble  in  water  (apparently  CaSOO,  such  as  could  not  have  ex- 
isted in  the  original  ore  because  the  length  of  the  crystals  is  several  times  the  average 
diameter  of  other  particles,  showing  that  they  must  have  formed  after  the  ore  was 
ground.  On  ignition,  considerable  quantities  of  sulfur  are  distilled  off,  probably  owing 
to  reduction  of  sulfates  by  organic  matter.  For  these  reasons  we  have  not  regarded 
it  as  natural  camotite,  and  have  presented  the  data  for  whatever  general  interest  they 
may  have,  without  including  them  in  Table  IV,  however. 

IX.    Discussion  of  Results. 

On  inspecting  the  last  two  columns  of  Table  IV,  tliere  appears  to  be 
only  one  possible  conclusion  as  to  the  radium  :  tu-anium  ratio  of  camotite; 
namely,  that  it  is  identical  with  that  of  pitchblende  in  all  large  quantities 
of  well-sampled  ore.  This  appears,  in  general,  to  be  true  regardless  of 
the  locality  or  composition  of  the  ore.  The  low  and  high  ratios  occur  only 
in  cases  of  small  samples  and  are  apparently  due  to  local  transposition  of 
raditun  within  the  ore  bed,  resulting  in  differences  which  are  completely 
equalized  on  sampling  su£Scient  quantities  of  ore.  We  are  not  prepared 
to  go  further  into  the  natiu^  of  this  transposition  at  the  present  time,  be- 
cause, as  already  stated,  the  samples  were  not  collected  with  this  object  in 
view. 

Of  course,  the  fact  that  the  average  of  all  ratios  in  Table  IV  shotdd  be 
within  2%  of  normal  is  somewhat  accidental;  but  that  the  average  of  all 
the  large  samples  is  within  i%  of  normal  appears  by  no  means  accidental 
and  seems  to  represent  about  the  average  of  our  limits  of  experimental 
error. 

The  question  naturally  presents  itself  as  to  whether  high  and  low  ratios 
for  other  minerals  can  be  explained  in  the  same  way  as  for  camotite.  As 
far  as  the  authors  are  aware,  it  is  true  that  determinations  of  the  radium  > 
uranitun  ratio  have  been  made  in  all  the  minerals  examined  on  small  sam- 
ples only.  On  the  other  hand,  it  is  to  be  recalled  that  high  ratios  had  not 
been  hitherto  reported  except  in  the  case  of  primary  minerals  which  are 
not  so  much  subject  to  the  action  of  water.  Furthermore,  in  the  case  of 
auttmite,  where  leaching  certainly  does  produce  very  low  ratios,  no  high 
ratios  have  ever  been  found  to  support  the  view  of  * 'transposition"  as  put 
forward  for  camotite.  In  such  instances  it  has  been  found  that  the 
leaching  process  removes  the  radium  completely  from  association  with  the 
original  uranium  parent,  usually  disseminating  it  very  widely,  or  in  ex- 
ceptional cases  forming  deposits  containing  considerable  radium  with  no 
uranium,  as  found  by  Jacques  Danne^  in  a  specimen  of  pjrromorphite  at 
Issy  L'Eveque. 

The  difference  in  the  completeness  of  leaching  exhibited  by  autunite 
and  camotite  may  be  due  to  the  fact  that  the  latter  occurs  in  a  region  of 
very  low  rainfall;  in  fact,  aridity  seems  to  be  a  necessary  condition  for  the 
>  Jac<iues  Danne,  Compt.  rend.,  240,  241  (1905). 
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existence  of  camotite.  Under  such  conditions  and  in  view  of  the  fact  that 
the  extent  of  camotite  deposits  is  frequently  quite  large,  a  "transposition" 
of  radium  might  be  expected  rather  than  a  complete  removal. 

The  high  degree  to  which  camotite  gives  up  its  emanation  by  diffusion 
as  shown  in  Table  IV  and  discussed  in  Section  IV,  appears  rather  re- 
markable. This  property  does  not  seem  to  be  connected  with  any  other 
known  properties  of  the  ores  and  we  are  not  able  at  present  to  do  more 
than  call  attention  to  it,  as  well  as  to  note  that  camotite  appears  to  furnish, 
in  the  solid  state,  a'  more  abundant  source  of  radium  emanation  than  any 
other  mineral  with  the  same  radium  content. 

X.    Summary. 

1.  Samples  of  camotite  representing  large  quantities  of  ore  (a  few 
hundred  pounds  to  several  tons)  show  a  Ra/U  ratio  identical  with  that  of 
pitchblende,  3.33  X  io~'. 

2.  Samples  from  small  quantities  (a  few  pounds)  tend  to  exhibit  abnor- 
mal Ra/U  ratios.  One  instance  as  low  as  2.48  X  10"^  and  one  as  hi^  as 
4.6  X  lo"^  have  been  found. 

3.  The  most  plausible  explanation  for  these  ratios  seems  to  be  one  of 
* 'transposition**  of  radium  within  an  ore  bed,  producing  local  differences 
which  are  equalized  in  mixing  large  quantities  of  ore. 

4.  The  ''emanating  power**  of  camotite  is  high  and  varies  from  16  to 

50%. 

5.  In  order  to  obtain  concordant  results  by  the  Boltwood  emanation 
method,  it  was  found  desirable  to  determine  the  emanation  Uberated  by 
solution  in  the  same  sample  from  which  the  emanating  power  had  just 
been  determined,  thus  making  the  two  determinations  strictly  *'comple- 
mentary." 

6.  Radium  may  be  more  easily  determined  by  the  emanation  method 
in  one  operation  either  by  solution  or  by  ignition  from  tubes  in  which  it  has 
been  sealed  for  one  month  to  reach  equilibrium. 

7.  In  contrast  with  the  successful  solution  or  ignition  method  for  dc- 
emanating  camotite,  fusion  with  carbonate,  and  also  the  fusion  and  solu- 
tion methods  both  gave  low  results  and  were  abandoned. 

It  gives  us  great  pleasure  to  acknowledge  our  indebtedness  to  Professor 
R.  B.  Moore  for  his  helpful  advice  during  this  investigation. 

Unxtsd  Statvs  Bursau  of  Min«s. 
Dbnvbk,  Coi,o. 
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CESIUM  ALUM  AND  ITS  PROPERTIES. 

Bt  Edward  Hart  and  Hbnry  B.  Hitsbltom. 
Received  Angost  10,  1914. 

Since  the  discovery  of  cesium  by  Bunsen,  in  i860,  its  compounds  have 
been  investigated  at  various  times,  but  a  broad  field  for  research  still 
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exists.  The  alum  is  one  of  the  many  compoimds  of  cesmm  that  offer  an 
opportunity  for  original  work. 

Cesium  alum  was  studied  by  Redtenbacher^  in  1865,  by  Carl  Setterberg* 
in  1881,  and  by  Locke'  in  1901.  Setterberg  compared  the  solubility  of 
rubidium  and  cesium  alums  at  eight  different  temperatures.  Locke,  in 
his  work  on  an  examination  of  all  possible  alums,  gives  the  solubility  of 
cesium  alum  at  four  temperatures  and  two  of  these  differ  from  the  results 
obtained  by  Setterberg.  His  other  values  were  found  at  temperatures 
not  given  by  Setterberg  and,  therefore,  must  be  compared  with  inter- 
polated figures.    They  are  not  the  same. 

The  alum  used  was  prepared  from  pollucite  by  treatment  with  sulfuric 
and  hydrofluoric  adds,  followed  by  solution  in  water  and  recrystallization. 
The  pollucite  used  appeared  to  contain  zirconium.  A  considerable  amount 
of  jelly-like  material  separated,  probably  a  zirconium  compound,  which 
was  not  ftuther  examined.  This  renders  filtration  difficult  and  tedious. 
The  crude  alum  had  a  slight  yellow  color,  due  to  ferric  iron,  which  was 
removed  by  recrystallization  from  water  containing  sulfur  dioxide. 

The  crystals  finally  obtained  were  examined  spectroscopically  and  found 
to  be  free  from  rubidium  and  potassium.  These  oystals  were  used  in 
the  following: 

TaBLB  I. — SOLUBttlTY  DBTBRMINATIONS. 

'  No.  Temp. 

1  7° 

2  19 

3  22 

4  22.5 

5  24 

6  29.5 

7  31.5 

8  40 

9  41 

The  first  five  values  of  Setterberg  coincide  almost  exactly  with  ours. 
Above  40^  his  values  are  less.  In  Table  II,  the  values  from  0-7®  were 
obtained  by  interpolation  using  Setterberg's  values  for  o®.  From  80- 
100  **  they  were  calculated  by  extrapolation  and  are  only  approximately 
correct. 

Specific  Gravity, — ^The  specific  gravity  of  the  hydrated  alum  was  ob- 
tained by  weighing  in  95%  ethyl  alcohol  in  which  it  is  insoluble.  Two 
determinations  were  made  giving  1.96  and  1.93,  average  1.945' 

Melting  Point, — ^The  hydrated  crystals  in  powder  were  enclosed  in  the 
usual  capillary  tube,  which  was  heated  in  sulfuric  add.    After  the  alum  had 
>  Redtenbacher,  J.  prakt.  Chem.,  94,  442  (1865). 
« Setterberg,  Ann.,  an,  100  (1882). 
«  Locke,  Am.  Chem.  /.,  36,  166  (1901). 


Residue  per 

100  g.  HK>. 

Gram. 

No. 

Temp. 

Residue  per 

100  g.  HtO. 

Grams. 

0.255 

xo 

47° 

1. 173 

0.422 

II 

49.25 

1.387 

0.426 

12 

50 

1. 417 

0.435 

13 

56 

1.86 

0.474 

14 

60 

2.06 

0.571 

»s 

66 

2.79« 

0.607 

16 

66 

2.85 

0.865 

17 

68 

3.13 

0.879 

18 

80 

5.78 
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Tabls  II.^Thb  Solubiuty  of  Anhydrous  CssnTV  Alum,  AlCsCSOOs  in  Wathr. 


Temp. 

Grams  per 
100  g.  I^. 

Temp. 

Grams  per 
100  g.  HtO. 

Temp. 

Grams_per 

too  g.  mo. 

Temp. 

Grams  per 
100  g.  fi^. 

o*» 

0.19 

22'* 

0.43 

48- 

1. 21 

70- 

3  50 

I 

0.20 

23 

0.45 

49 

1.27 

71 

3.67 

2 

0.21 

24 

0.47 

50 

1.30 

72 

3.85 

3 

0.22 

25 

0.49' 

51 

1.39 

73 

4.07 

4 

0.23 

26 

0.50 

52 

1.45 

74 

4.30 

5 

0.24 

27 

0.51 

53 

1. 51 

75 

450 

6 

0.25 

28 

0.52 

54 

1.58 

76 

4.7a 

7 

0.26 

29 

6.55 

55 

1.65 

77 

4.95 

8 

0.27 

30 

0.57 

56 

1. 71 

78 

5.15 

9 

0.28 

31 

0.59 

57 

1.77 

79 

5.40 

10 

0.29* 

32 

0.60 

58 

1.86 

80 

5.78 

11 

0.30 

33 

0.62 

59 

1.92 

81 

6.05 

12 

0.31 

34 

0.65 

60 

2.06 

82 

6.4 

13 

0.32 

35 

0.69* 

61 

2.14 

83 

6.7 

14 

0.34 

36 

0.72 

62 

2.25 

84     ^ 

7.0 

15 

0.35 

37 

0.75 

63 

2.37 

85 

7.4 

16 

0.36 

38 

0.77 

64 

2.50 

86 

7.7 

17 

0.38^ 

39 

0.80 

65 

2.65 

87 

8.0 

18 

0.39 

40 

0.85 

88 

8.3 

95 

10. 1 

19 

0.40 

41 

0.87 

89 

8.6 

96 

10.4 

20 

0.41 

42 

0.91 

90 

8.8 

97 

10.8 

21 

0.42 

43 

0.96 

44 

1. 01 

66 

2.78 

91 

90 

98 

II. I 

45 

1.06 

67 

2.96 

92 

9.2 

99 

II. 5. 

46 

1 .10 

68 

3.13 

93 

9  5 

100 

12.0 

47 

1. 17 

69 

3.34 

94 

9.9 

Note.— o**  to  40  ^ 

accurate 

as  given. 

40**  to  8o^  first  decimal  correct.     8o* 

100^  extrapolated;  approximately  correct. 

melted,  a  fine  capillary  was  inserted  and  the  soUdifying  point  determined 
by  drawing  on  the  capillary  imtil  it  broke.  The  following  determinations 
show  that  the  alum  melts  at  117^: 


Beginning. 

Bnd. 

SoUd. 

ATCflttgC 

118** 

118*^ 

115' 

116.5* 

116 

118 

117 

"7 

117 

118 

116 

117 

Average,     117  118  116  117 

The  melting  point  of  cesium  altmi  has  been  determined  as  foUowi: 
Tilden,«  106^;  Erdman,'  120.5^;  Locke,*  I22^ 

Baston,  Pa. 

»  Given  by  Setterberg. 

*  Tilden,  /.  Chem.  Soc.,  45,  266  (1884). 
»  Erdman,  Arch.  Pharm.,  23a,  3. 

*  Locke,  Am.  Chem.  J.,  26,  183  (1901). 
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THE  PERCHLORIC  METHOD  OF  DETERMINING  POTASSIUM, 
AS  APPLIED  TO  WATER  ANALYSIS. 

By  CifAKSNCS  Scroll. 
RecdTed  May  4,  1914. 

Potassium  is  detennined  gravimetrically  as  potassium  chloroplatinate 
'(KiPtCU),  as  potassium  cobaltinitrite  (KsCo(NOt)6),  and  as  potassium 
perchlorate  (KCIO4). 

The  potassium  chloroplatinate  method  is  most  commonly  used.  It  is 
.accurate,  but  there  ate  difficulties  because  of  the  solubility  of  the  salt 
in  alcohol,  the  non-uniformity  of  the  precipitate,  the  loss  by  ignition,  and 
the  cost  of  material.  The  cost  of  chloroplatinic  add  equivalent  to  i  g. 
of  potassium  in  the  precipitate,  KsPtCU,  amounts  to  $4.90.  While  this 
.material  can  be  recovered,  the  cost  of  recovery  is  considerable. 

The  determination  as  potassium  cobaltinitrite^  in  its  present  form  is  not 
.satisfactory.    The  results  are  unreliable. 

The  potassium  perchlorate  method,  more  commonly  called  the  Wense'- 
<}aspari'.  method,  has  been  applied  to  the  analysis  of  fertilizers  and  similar 
material  containing  alkalies,  alkaline  earths,  iron,  aluminium,  magnesium, 
and  phosphates.  The  chief  difficulty  in  this  method  has  been  the  ob- 
taining of  the  perchloric  acid.  The  danger  of  preparing  the  pure  acid, 
as  was  attempted,  is  very  great.  For  this  reason  the  method  has  not  been 
available  to  many  chemists.  Recentiy  a  20%  solution  at  $3.00  a  Kilo, 
a  30%  solution  at  $4.80  a  Slilo,  and  even  stronger  solutions  of  perchloric 
add  have  been  placed  on  the  market. 

The  quantity  of  perchloric  add  necessary  to  combine  with  i  g.  of  potas- 
-sium  costs  3.8  cents.  The  cost  of  an  equivalent  amount  of  chloroplatinic 
add  is  $4.90.  The  cost  of  perchloric  add  in  the  perchlorate  method  is 
not  only  lower  than  the  cost  of  platinum  in  the  chloroplatinate  method, 
but  is  much  lower  than  the  cost  of  recovering  the  platinum.  The  pre- 
dpitate  KCIO4,  is  of  constant  composition,  its  solubility  in  96%  alcohol 
containing  0.2%  HCIO4  is  almost  zero,  and  the  loss  by  ignition  is  eliminated. 
The  fertilizer  chemists*  of  Germany  have  tested  the  method  and  have 
•obtained  such  accurate  results  that  they  have  placed  it  on  an  equal  basis 
with  the  chloroplatinate  method  by  adopting  it  as  an  offidal  method.^ 

In  this  method  the  sulfates  are  predpitated  in  a  slightiy  add  solution. 
This  solution  of  chlorides  is  then  treated  with  an  excess  of  perchloric  add, 
(1.5  times  that  required  to  combine  with  all  bases  present),  and  evaporated 
with  constant  stirring  until  white  fumes  appear.  A  small  amount  of  water 
is  then  added  and  again  evaporated  with  stirring.    This  is  continued 

>  H.  B.  McDonnel,  Bur.  Chiem.,  Bull,  162,  19  (1912). 

*  W.  Wense,  Z.  angew.  Chem.,  4,  691  (1891);  5,  233  (1892). 

*  R.  Caspari,  Ibid.,  6,  68  (1893). 

^  Landw.  Ver.  Sta.,  59,  313  (1903);  67,  145  (1907) 

-*  Fifth  Internal.  Cangr.  of  Appl.  Chem.,  i,  316  (1903);  4,  940  (1903). 
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until  all  volatfle  adds  are  absent.    The  perdiloric  add  lost  by  volatilization  " 
is  replaced  from  time  to  time.    The  predpitate  (KCIO4)  obtained  is  washed 
with  95%  alcohol  immediatdy  before  diying. 

The  author  has  modified  this  method  as  follows:  Predpitate  the 
sulfates  in  a  strong  h3rdrochloric  add  solution,  avdding  a  large  excess  of 
barium  chloride.  Evaporate  the  resulting  solution  with  only  a  slight 
excess  of  perchloric  add  without  stirring.  Dissolve  the  residue  and  again 
evaporate  with  perchloric  add.  Wash  the  predpitate  only  with  alcohd 
containing  0.2%  perchloric  add  before  drying. 

The  revised  method  as  applied  to  the  determination  of  potassium  in 
water  is  as  follows:  Evaporate  an  aliquot  portion  of  the  water  to  about 
150  cc.  Addify  with  10  cc.  of  concentrated  hydrodiloric  add  and  heat  to 
boiling.  To  the  boiling  solution  add  drop  by  drop  (avoiding  a  large 
excess),  a  10%  solution  of  barium  chloride  until  all  the  sulfates  are  pre- 
dpitated.  Boil  for  fifteen  minutes  and  then  filter.  If  no  predpitate 
forms,  filtration  may  be  omitted. 

Evaporate  the  filtrate  to  dryness.  Heat  until  all  the  ammonium  salts 
are  driven  off.  Dissolve  in  20  cc.  of  hot  water  and  add  a  quantity  of  a 
20%  solution  of  perchloric  add,  slightly  in  excess  of  that  required  to  com- 
bine with  nearly  all  bases  present.  One  cc.  of  perchloric  add  is  equivalent 
to  90  mg.  of  potassium  (K).  Evaporate  to  dryness.  Add  lo  cc.  of  hot 
water  and  a  small  amount  of  perchloric  add.  Agaiu  evaporate  to  dryness. 
If  white  fumes  do  not  appear,  take  up  with  10  cc.  of  water,  add  more 
perchloric  add  and  evaporate  to  dryness.  Repeat  until  white  fumes  do 
appear.  Take  up  with  25  cc.  of  96-97%  alcohol,  containing  0.2%  per- 
chloric add  (i  cc.  of  20%  HCIO4  per  100  cc.  of  97-98%  alcohol).  Break 
up  the  residue  with  a  stirring  rod.  Decant  the  supernatant  liquid  through 
a  Gooch  crudble  containing  a  matt  that  has  been  washed  with  0.2% 
perchloric  add  in  alcohol.  If  there  is  an  unusually  large  predpitate, 
dissolve  it  in  hot  water  and  repeat  the  evaporation  with  perchloric  add. 
(Large  quantities  of  barium  chloride  are  difficult  to  change  to  the  per- 
dilorate.)  Wash  once  by  decantation  with  0.2%  perchloric  add  in 
alcohol,  and  transfer  th6  predpitate  to  the  crudble.  Wash  several  times 
with  0.2%  perchloric  add  in  alcohol.  Dry  the  crucible  in  an  oven  at 
120-130*^  for  an  hour.  Remove,  cool  and  weigh.  The  increase  in  the 
weight  of  the  crudble  is  KCIO4.  (In  using  the  Gooch  crudbles,  do  not 
disturb  the  matt  after  analysis.  Dissolve  the  potassium  perchlorate  with 
hot  water,  leaving  the  matt  intact.  Using  the  crudble  repeatedly  in  this 
manner  eliminates  the  errors  due  to  the  action  of  perchloric  add  on  fresh 
asbestos.) 

If  both  sodium  and  potassium  are  to  be  determined,  obtain  the  com- 
bined chlorides  by  the  usual  methods,  and  estimate  the  potassium  as 
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potassium  perchlorate,  as  described,  omitting  the  precipitation  of  the 
sulfates  with  barium  chloride. 

It  is  of  advantage  to  evaporate  to  dryness  with  only  a  slight  excess  of 
X)erchloric  acid,  and  to  repeat  the  process  a  second  and  possibly  third 
time,  in  order  to  insure  the  removal  of  nearly  all  volatile  acids,  and  in 
order  to  make  stirring  while  evaporating  unnecessary. 

The  recommendation  of  97%  alcohol  for  washing  is  due  to  the  solubility 
of  potassium  perchlorate  in  alcoholic  solutions  of  perchloric  acid  containing 
■95%  or  less  alcohol.  The  difference  between  the  efficiency  of  97%  and 
100%  alcohol  is  immaterial. 

It  is  imdesirable  to  wash  the  crucible  with  ether  or  alcohol  just  before 
<irying.  A  slight  amount  of  potassium  perchlorate  would  be  dissolved. 
Dry  as  much  as  possible  with  air  suction  and  then  dry  in  an  oven.  The 
small  amount  of  perchloric  acid  left  in  the  asbestos  will  be  volatilized 
without  causing  any  error,  especially  if  the  same  asbestos  matt  is  used 
repeatedly. 

A  series  of  analyses  was  first  made  using  only  potassium  chloride. 
•(See  Table  I.)  This  potassium  chloride,  the  purest  of  a  well-known 
firm,  was  dried  at  180''  for  several  hours  before  using.  A  standard  solu- 
tion was  then  prepared  and  definite  amotmts  measured  out  with  a  stand- 
ardized pipet. 

Tabids  I. — ^Analysss  of  Solutions  Containing  only  Potassium  Cm«ORiDB. 


No. 

PotaBsium 
added,  g. 

KC104 

obtained,  c 

Potassium 

Error,  g. 

I 

0.0050 

0.0174 

0.0049 

— O.OOOI 

2 

O.OIOO 

0.0353 

O.OIOO 

.... 

3 

0.0150 

0.0530 

0.0150 

.... 

4 

0.0200 

0.0701 

0.0198 

— o.oooa 

5 

0.0300 

0.1049 

0.0296 

— 0.0004 

6 

0.0350 

O.1241 

0.0350 

.... 

7 

0.0500 

0.1769 

0.0499 

— O.OOOI 

Since  the  amount  of  potassium  found  agreed  with  the  amount  taken, 
^  second  series  was  analyzed,  using  comparatively  large  amounts  of  sodium 
<:hloride  in  addition  to  the  potassium.     (See  Table  II.) 

The  variations  are  small  and  lie  within  the  limits  of  experimental  error. 
The  largest  is  — 0.9  mg.  The  average  for  the  fifteen  analyses  is  0.2  mg. 
less  than  the  theoretical  amount.  The  balance  used  is  not  capable  of 
weighing  less  than  0.1  of  a  mg.  The  error  in  percentage,  is  large  with 
small  quantities  (amounting  to  as  much  as  2.0%).  Increasing  the  quan- 
tity of  potassium  decreases  the  error  in  percentage. 

An  artificial  mineralized  water  was  then  made  by  adding  the  following 
constituents  to  distilled  water:  CaCOa,  MgCOa,  MgCt,  NasCOs,  NaCl 
and  Na^NOs.  The  insoluble  constituents  were  dissolved  with  a  small 
amount  of  hydrochloric  acid.    Portions  of  this  solution  containing  o.i 
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Tabids  II.— Anai^ysss  of  Solutions  Containino  Labgb  Q^ANTiTms  ot  Soditot 

Chloridb. 


Potantem 
added,  g. 

Sodium 
chloride  in 
Mlution,  g. 

Kao4 

obtained,  g. 

Potaasittm 
obtained,  g. 

Error. 

No. 

G. 

%. 

I 

0.0050 

0.0500 

0.0x81 

0.0051 

-fo.ooox 

+2.0 

2 

O.OIOO 

O.IOOO 

0.0350 

0.0099 

— O.OOOI 

— I.O 

3 

0.0200 

0.2000 

0.0712 

0.0201 

+O.OOOX 

+0.50 

4 

0.0300 

0.3000 

0.1073 

0.0302 

4-0.0002 

+0.66 

5 

0.0400 

0.4000 

0.1423 

0.0401 

-fo.oooi 

+0.25 

6 

0.0500 

0.5000 

0.1783 

0.0503 

-I-O.OOO3 

+0.60 

7 

0.0600 

0.6000 

0.2129 

0.0600 

0.0000 

0.00 

8 

0.0700 

0.7000 

0.2471 

0.0697 

— 0.0003 

— 0.40 

9 

0.0800 

o.Snoo 

0.2830 

0.0799 

O.OOOI 

—O.II 

lO 

O.IOOO 

I. 0000 

0.3534 

0.0997 

— 0.0003 

--0.30 

IX 

0.2000 

I. 0000 

0.7090 

0.2001 

-fo.oooi 

-fo.05 

12 

0.3000 

I. 0000 

1.0626 

0.2999 

— O.OOOI 

— 0.03 

13 

0.4000 

I .0000 

1.4171 

0.3999 

— O.OOOI 

—0.03 

14 

0.5000 

I .0000 

1.7686 

0.4991 

— 0.0009 

— 0.18 

15 

I .0000 

I. 0000 

3.5438 

I .0000 

0.0000 

0.00 

g.  of  each  substance  (CaCOt  and  MgCOs  now  being  present  as  CaClf 
and  MgCU,  respectively),  were  measured  out.  Elnown  amounts  of  potas- 
sium were  then  added  to  each  portion  and  determined  without  removing^ 
any  of  the  ions.  The  results  are  shown  in  Table  III.  In  this  series  most 
of  the  errors,  although  not  large,  are  minus  in  character. 

Tablb  III. — Analyses  op  Watsrs  op  High  Minbral  Contbnt 

Bitot. 


No. 

Potassium 
added,  g. 

Mineral 
content  g. 

KaOi 
obtained,  g. 

Potassium 
obtained,  g. 

G. 

%• 

I 

0.0500 

0.6000 

O.I7S7 

0.0496 

— 0.0004 

— 0.80 

2 

0.1500 

0.6000 

0.5301 

0.1497 

— 0.0003 

— 0.20 

3 

0.2500 

O.6OUO 

0.8887 

0.2508 

-1-0.0008 

-fo.32 

4 

0.3000 

0.6000 

I. 0612 

0.2995 

— 0.0005 

—0.17 

5 

0.3500 

0.6000 

1.2378 

0.3493 

— 0.0007 

— 0.20 

To  each  of  several  portions  of  the  same  artificial  water  o.i  g.  of  Na^PO^ 
was  added,  and  the  potassium  determined  as  above,  with  results  as  shown 
in  Table  IV. 
Tablb  IV. — ^Analysbs  of  Highly  Minbralizbd  Watbr  Containing  Phosphate. 

Brror. 


No. 

Potassium 
added,  g. 

Mineral 
content,  g. 

KCIO4 
obtained,  g. 

Potassium . 
obtained,  g. 

G. 

%. 

I 

0.0500 

0.7000 

0.1784 

0.0503 

-f  0.0003 

-fo.60 

2 

O.IOOO 

0.7000 

0.3540 

0.0999 

— O.OOOI 

— O.IO 

3 

0.1500 

0.7000 

0.5323 

0.1502 

+0.0002 

+0.13 

4 

0.2500 

0.7000 

0.8867 

0.2501 

H-o.oooi 

-fo.o4 

5 

0.3500 

0.7000 

I    2385 

0.3494 

— 0.0006 

—0.17 

Though  sodium  phosphate  is  insoluble  in  alcohol,  it  does  not  produce 
an  error  in  the  determination  of  potassium  (see  Table  IV).    When  sodium 
phosphate  is  evaporated  with  HCIO4  the  following  reaction  takes  place: 
Na«P04  +  3HCIO4  =  3NaCI04  +  HaPO* 
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Sodium  perchlorate  and  phosphoric  acid  are  scduble  in  alcohol  and  do  not 
cause  an  error  in  the  determination  of  potassium. 

The  sulfate  and  ammonium  ions  were  found  to  produce  an  error,  but  the 
error  caused  by  the  sulfate  was  not  equivalent  to  all  the  sulfate  ion  that 
was  present.  It  is  necessary  to  remove  all  of  the  ammonium  salts  and 
most  of  the  sulfates. 

Summary. 

The  method  of  detemdning  potassium  as  the  perchlorate  is  accurate. 

Sulfate  and  ammonium  ions  produce  an  error  and  must  be  removed. 
The  sulfate  is  precipitated  with  barium  chlcxide  in  a  strongly  acid  solution 
avoiding  a  large  excess.    The  ammonitmi  salts  are  expelled  by  heating. 

The  phosphate  ion  does  not  produce  an  error  and  need  not  be  removed. 

The  sdution  containing  chlorides  should  be  evaporated  to  dryness  with 
a  sli^t  excess  of  perchloric  acid,  without  stirring. 

The  precipitate  should  be  washed  only  with  alcohol  containing  0.2% 
perchloric  acid. 

The  time  of  making  an  analysis  is  short,  the  manipulations  are  simple, 
and  the  cost  is  almost  negligible. 

The  method  can  be  recommended  for  use  in  water  analyses  and  in  other 
anal3rtical  work  ^ere  the  content  of  potassium  is  desired. 

luntou  Stats  Watmk  Subvbt, 

UNIVBRSXTT  or  IlXXNOfS. 

Ubsana,  Iu,. 


A  NEW  METHOD  FOR  THE  PRECISE  STAIIDARDIZATION  OF 
HYDROCHLORIC  ACID  SOLUTIONS. 

BT  hAJTHCMLOr  W.  Andwiws. 
Received  Augiitt  20,  1914. 

When  the  greatest  precision  is  desired  in  standardizing  a  volumetric 
solution,  those  methods  should  be  avoided,  which:  (i)  invcdve  trans- 
ferring or  washing  a  precipitate;  (2)  depend  upon  the  peculiarities  of  any 
particular  indicator;  (3)  require  the  use  of  standard  substances  ccmtaining 
water  of  oystallization,  or  those  that  may  contain  impurities  difficult 
to  detect,  i.  e.,  almost  all  organic  compounds,  or  that  can  not  be  positively 
dried  without  danger  of  decomposition;  (4)  demand  any  peculiarities  of 
technique  or  any  exercise  of  personal  judgment  that  may  make  it  difficult 
for  different  observers  to  obtain  nearly  identical  results. 

With  these  criteria  in  mind,  I  have  devised  and  for  several  years  used 
in  practice  a  method,  the  accuracy  of  which  is  only  limited  by  the  unavoid- 
able errors  of  weighing.  It  depends  upon  the  loss  of  weight  caused  by 
the  replacement  of  NOj  in  silver  nitrate  by  CI.  Since  hydrochloric  acid 
solutions  kept  in  glass  vessels,  always  contain  traces  of  chlorides  and  of 
other  non-volatile  impurities  derived  from  the  glass,  the  process  must 
be  so  conducted  as  to  avoid  error  from  this  source.  The  method  is  carried 
out  as  follows,  whMi  the  solution  to  be  standardized  is  0.2  N: 
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Select  two  porcelain,  or  better,  silica  dishes,  of  approximately  like 
size,  form,  and  weight,  <rf  75  to  100  cc.  capacity,  each  being  provided 
with  a  light  watch  glass  or  silica  cover,  and  one  of  them  with  a  silica  or 
glass  rod,  short  enough  to  lie  under  the  cover.  The  dish  without  a  rod 
will  be  referred  to  as  the  ''companion  dish."  In  the  former,  place  up 
to  2.0  g.  of  the  purest  silver  nitrate.  The  absence  of  ammonium  nitrate 
should  be  assured.  Both  dishes  are  put  into  an  oven  at  160^,  the  tem- 
perature raised  to  240  "^  and  kept  there  till  the  weight  is  constant.  At  this 
temperature  no  water  is  retained.  After  oooUng  in  a  desiccator,  weigh 
both  dishes,  covered.  Leaving  both  covers  in  the  balance  case,  remove 
the  dishes. 

By  means  of  a  p4>et,  measure  50  cc.  of  0.2  N  hydrochloric  acid,  to  be 
standardized,  into  the  dish  with  the  silver  nitrate,  using,  of  course,  every 
precaution  to  make  the  measurement  as  accurate  as  possible,  and  noting 
the  temperature  of  the  solution.  At  the  same  tjme,  measure  50  cc.  of 
the  same  acid  into  the  companion  dish. 

Stir  up  the  silver  nitrate  until  all  has  dissolved  and  the  silver  crhloride 
has  clotted  together,  but  do  not  remove  the  rod  from  the  dish.  Place 
both  dishes  in  the  steam  bath  at  95-100^,  to  evaporate  the  water  without 
spattering,  and  finally  dry  at  the  temperature  at  which  the  silver  nitrate 
was  dried.  Cool  in  the  desiccator  and  weigh.  The  increase  in  the  weight 
of  the  companion  dish  is  assumed  to  represent  the  weight  of  non-volatile 
impurities  contained  in  the  add,  and  its  amount  is  subtracted,  as  a  cor- 
rection, from  the  observed  weight  of  the  silver  chloride. '  This  arrange- 
ment compensates  for  dianges  in  the  apparent  weights  due  to  atmospheric 
changes,  so  that,  in  case  of  very  pure  hydrochloric  add,  the  change  of 
weight  in  the  companion  dish  may  be  negative,  a  circumstance  that  need 
cause  no  apprehension. 

By  drying  the  silver  nitrate,  and,  later»  nitrate  plus  chloride,  at  the 
temperature  of  indpient  fusion  of  the  former,  the  same  results  are  ob- 
tained as  at  200°  or  940^ 

The  normaUty  of  the  solution  is  given  by  the  egression: 

W— Wi+n/i— w 


N  = 


in  which. 


0.02655  V 


V  ^  Corrected  volume  of  solution. 

W  »  Weight  in  air  of  AgNCX  +  dish. 

Wi  «  Weight  m  air  (rf  AgCl  +  AgNO,  +  dish* 

w  »  Weq^t  of  companion  dish  bcafore. 

u'i  »  Wei|^t  of  compaiiion  dish  after. 
In  testing  experimentally  the  precision  of  this  standardising  method, 
it  was  esteemed  better  to  eliminate  errors  due  to  volumetric  measurement 
of  the  solution,  and  to  weigh  the  latter  in^ead.    Agreement  of  the  i«- 
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sultd  among  one  anotiier  will  show  whether  any  dilorine  escapes  or  whether 
any  other  variable  sources  of  error  lie  in  the  chemical  reaction  itself* 
■The  results  of  four  such  determinations  follow.  The  weight  of  dish, 
cover  and  rod  was  less  than  70  g. 

E*p.  A.  Dish  4-  AgNOi  minus  weight  after  =  0.5311  g.  wi  —  w  =*  o.oooi. 
Wt.  sol.  50.0445  g. 

Bxp.  B.  Dish  H-  AgNOi  minus  weight  after  =  0.5316  g.  Wi  —  w  =  0.0004. 
Wt.  sol.  50.0548  g. 

Exp.  C.  Dish  -f  AgNOt  minus  weight  after  =  0.53105  g.  Wi  —  w  =  o.oooi. 
Wt.  sol.  50.0391  g. 

Exp.  D.  Dish  4-  AgNOi  minus  weight  after  ■*  0.5310  g.  wi  —  w  —  0.00005. 
Wt.  sol.  50.0396  g. 

Hence,  the  loss  (corrected  by  companion  dish)  is  respectively,  per  50 
g.  of  solution  taken:  in  A  0^3063,  in  B  0.5^062,  in  C  0.53095,  in  D  0.53054. 
Since  the  balance  was  sensitive  to  only  0.05  mg.  it  is  evident  that  errors 
of  weighing  alone  account  fully  for  the  stuprisingly  small  variations  ob- 
served. It  is,  further,  clear  that  these  errors  may  be  diminished  if  there 
were  any  object  in  so  doing,  by  operating  with  normal  instead  of  0.2  iV 
solutions.  The  disadvantage  that  the  loss  of  weight  is  a  smaller  quantity 
than  the  absolute  weight  of  the  HCl  determined,  so  that  all  errors  are 
multiplied  by  the  factor  1.37,  is  made  unimportant  by  the  great  accuracy 
of  the  process  in  itself.  In  spite  of  its  precision,  the  method  is  not  time- 
constuning,  as  the  evaporations  require  no  oversight.  The  time  spent 
is,  practically,  only  that  required  by  the  weighings.  Most  of  this  work 
was  done  in  the  laboratory  of  the  Andrews  Chemical  Works,  Davenport, 
Iowa. 

WASHXMOTCm.   D.  C 


CORRECTION. 

Correction  for  article  on  "The  Potential  of  Silver  in  Nonaqueous  Solu- 
tions of  Silver  Nitrate,*'  by  Vemette  L.  Gibbons  and  F.  H.  Getman, 
which  appeared  in  the  August  number  of  This  Journal,  page  1645 :  The 
last  five  values  in  Table  X  should  have  been  headed  Table  XI. — Solutions 
in  PyricBne. 


[Contribution  prom  thb  Chbmical  Laboratory  op  thb  University  op  Wash- 
ington.] 
BENZOYLATIONS  IN  ETHER  SOLUTION. 

Bt  WUrUAJt  M.  DSBN  AND  AUGS  A.  BaIA. 

Received  July  20.  1914. 

In  a  former  paper*  it  was  shown  that  acetyl  chloride  reacts  in  anhydrous 
ether  solutions  with  primary,  secondary  and  tertiary  bases.    The  initial 
products  were  invariably  additive  products  and  these,  by  simple  splitting 
or  by  hydrolysis,  yielded  the  ordinary  acetylated  products. 
'  This  Journal,  34,  1399  (1912). 
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This  paper  includes  analogous  studies  with  benzoyl  chloride.  With 
this,  as  with  acetyl  chloride,  the  hydrochlorides  of  the  cHiginal  base  and 
the  acyl  chloride  additive  products  of  the  original  bases  were  precipitated 
as  mixtures.  These  were  often  contaminated  with  the  original  bases  or 
with  benzoylated  bases,  when  such  were  insoluble  in  ether;  as  in  cases  of 
the  aromatic  derivatives  benzanilide,  benztoluidides,  benznaphthalides/ 
benzphenylhydrazine,  etc.  The  courses  of  these  reactions  are  indicated 
in  the  equations: 

(x)     BzCl  -f  2RNHj  — ►  RBzNH.HCl  7^  HCl  -f  RBzNH 

^     RNH2.HCI     ^ 

(2)  BzCl  +  2R,NH  — ►  RjBzN.HCl   Z^  HCl  +  RjBzN 

^     RtNH.HCl     ^ 

(3)  BzCt  +  RJSr  ^:±  RtBzNCl 

For  the  purpose  of  excluding  moisture,  the  benzoyl  chloride  was  redis- 
tilled with  proper  protection  from  the  atmosphere  when  60  g.  were  trans- 
ferred to  two  liters  of  anhydrous  ether.  The  latter  was  siphoned  into  a 
self-filling  100  cc.  buret,  the  flask  and  buret  being  supplied  with  calcium 
chloride  tubes.  Glass-stoppered,  amber-colored  bottles  of  proper  size 
were  previously  dried  by  lumps  of  fused  calcium  chloride.  Into  these, 
100  cc.  of  the  ether  solution,  containing  3  g.  of  benzoyl  chloride,  were 
run,  so  that  the  ether  solution  was  at  no  time  in  contact  with  atmospheric 
moisture.  The  stopper  of  each  bottle  having  been  sealed  with  paraffin, 
the  solutions  were  set  aside,  to  be  treated,  when  desired,  with  one  molecular 
weight  of  the  anhydrous  base.  If  the  base  was  insoluble  in  ether,  it  was 
powdered  and  added  directly;  contact  with  the  latter  solutions  was  pro- 
moted by  shaking. 

When  it  was  f oimd  that  the  amber-colored  glass  of  the  bottles  retarded 
the  reactions,  the  cont^ts  of  the  bottles  were  transferred  to  colorless, 
previously  desiccated,  bottles.  In  the  latter  bottles  the  accelerating  in- 
fluence of  sunlight  could  be  observed.  It  was  found  that  most  of  the  com- 
pounds crystallized  on  the  inner  surfaces  of  the  bottles  facing  the  direct 
sunlight.  Often  the  rate  of  precipitation  was  retarded  when  the  sides 
of  the  containers  became  coated,  but  further  precipitation  could  be  obtained 
either  when  the  precipitate  was  shaken  off  or  when  the  liquid  was  trans- 
ferred to  another  coqtainer. 

The  precipitates  were  filtered  rapidly,  washed  with  anhydrous  ether 
and  dried  in  desiccators.  In  some  cases  the  additive  products  were  so 
hygroscopic  that  their  melting  points  and  analyses  could  not  be  obtained 
without  considerable  error.  In  some  cases  the  products  were  analyzed 
in  the  containers  in  which  they  were  formed;  in  other  cases,  as  with  p- 

^  For  the  complete  analysis  of  a  typical  mixture  see  that  of  a-naphthylamtne. 
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benztoluidide  hydrochloride,  indirect  methods  of  analysis  were  resorted  to. 

The  anal3rses  for  halogen  were  made  by  the  Volhard  method.  The 
percentages  found  were  equal  to:  (i)  the  percentages  of  chlorine  contained 
in  the  faydrochknide  of  the  original  base;  (2)  some  percentage  lying  be- 
tween this  and  the  percentage  of  the  additive  compound;  (3)  the  per- 
centage contained  in  the  additive  compound;  and  (4)  some  percentage 
less  than  the  percentage  of  the  additive  compound.  Thus  there  were 
indicated:  (i)  the  hydrochloride  of  the  original  base;  (2)  a  mixture  of  this 
with  the  additive  compound  and  sometimes  with  the  benzoylated  base; 
(3)  the  additive  compound;  and  (4)  a  mixture  of  this  with  a  preponderance 
of  the  benzoylated  base. 

The  benzoyl  chloride  additive  products  of  the  primary  and  secondary 
bases  were  prepared  by  two  methods:  (a)  as  indicated  by  reactions  (i) 
and  (2) ;  and  (6)  by  adding  hydrogen  chloride^  to  anhydrous  ether  or  hydro- 
carbon soluticms  of  the  benzoylated  derivatives  indicated  in  (5)  and  (6). 
The  latter  method,  of  coiu-se,  yielded  pure  products;  the  former  method, 
for  reasons  indicated,  yielded  mixtures. 

With  the  additive  products  of  benzoyl  chloride  as  of  acetyl  chloride, 
spinning  motions'  were  produced  when  the  substances  were  £k>ated  on 
water.  Since  these  motions  were  produced  even  by  mixtures  with  low 
percentages  of  the  additive  products,  such  movements  invariably  served 
as  a  test  for  their  presence. 

Many  of  these  pentavalent  nitrogen  derivatives  of  the  bases  are  unstable 
toward  heat  and  all  are  extremely  tmstable  toward  water.  For  instance, 
the  benzoyl  cblcmde  additive  product  of  p-toluidine  decomposes  in  a 
desiccator  at  19^,  in  accordance  with  the  reaction: 

(4)  CHsC«H4.BzNH.Ha  — >  CHtC«H4.BzNH  +  HCl 
Towards  water,  the  benzoyl  chloride  additive  products  of  the  respective 
bases  react  as  follows: 

(5)  RBzNH.HCl  +  H2O  — >  RBzNH  +  H,O.HCl 

(6)  RjBzN.HCl  +  H2O  — >  RsBzN  +  HjO.HCl 

(7)  RsBzNCH-HaO  — >  R,N  -f  BzOH  +  HCl 

Thus  it  is  observed  that  heat  and  water  yield  the  same  dissociated  products. 
On  accotmt  of  their  instability  toward  heat  and  e^>ecially  toward  water, 
their  preparation  and  handling  required  correct  physical  conditions,  es- 
pecially the  rigorous  exclusion  of  moisture.  The  bases  were  dried  with  fused 
potash  and  usually  were  distilled  over  metallic  sodium  in  thoroughly 
desiccated  vessels.  However,  owing  to  the  small  molecular  weight  of  water ' 

*  The  best  method  used  for  adding  the  hydrogen  chloride  was  by  means  of  a  solu- 
tion of  it  in  toluene.  The  concentration  of  this  was  determined  by  titration,  and 
thus  equimolecular  quantities  could  be  added. 

*  This  Journal,  34,  1400  (191 2). 
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as  compared  with  that  of  benzoylated  derivatives,  even  traces  of  moisture 
often  yielded  a  preponderance  of  the  secondary  products. 

The  trace  of  water  may  react  in  accordance  with  Equations  5  and  6 
forming  hydrochloric  add,  which  in  turn  may  react  with  the  original  base, 
forming  the  salt  and  freeing  the  water.  Thus  a  trace  of  moisture  may 
catal3rticany  yield  a  preponderance  of  salt  of  the  original  base.  When 
the  speed  of  reaction  is  rapid,  benzoyl  chloride  and  the  base  being  present 
in  equimolecular  quantities,  this  influence  may  not  operate  so  largely. 
This  is  seen  in  cases  of  piperidine  and  benzylethylamine;  the  former, 
precipitating  rapidly,  yielded  32%  and  the  latter,  predpitating  slowly, 
yidded  18%  of  the  additive  compounds. 

A  condition  of  supersaturation  of  the  ether  solution  may  also  intervene, 
thus  favoring  the  kinetic  dissociation  of  the  additive  product,  so  as  to 
3ridd  a  preponderance  of  salt  of  the  original  base.  That  this  influence 
does  not  operate  in  cases  of  the  tertiary  bases  is  owing  to  the  absence  of 
hydrogen  diloride. 

The  formation  of  additive  compounds,  when  benzoyl  chloride  acts 
upon  bases  in  anhydrous  ether,  cannot  be  explained  on  the  baSs  of  ioniza- 
tion for  the  reasons:  (i)  a  non-ionizing  medium  is  used;  (2)  the  speeds  of 
reaction  vary  widdy  with  different  bases;  (3)  sunlight,  which  is  not  recog- 
nized as  an  accelerator  of  ionization,  promotes  all  of  the  condensations; 
and  (4)  other  phenomena  not  reconcilable  with  ionization  are  observed. 

Of  course,  it  may  be  maintained  that  a  trace  of  water  promotes  the 
ionization  of  benzoyl  chloride  and  the  bases  and,  indeed,  that  ether  itself 
is  an  ionizing  medium.  If  dther  or  both  of  these  assumptions  are  true, 
the  speed  of  reaction  should  be  equal  or  nearly  equal  with  different  bases, 
for  the  reason  that,  while  the  degrees  of  ionization  of  the  bases  differ  but 
little,  th%  other  factors  are  constants.  However,  the  various  precipitations 
involved  times  extending  from  a  few  seconds  to  many  weeks,  hence  other 
variables  are  involved  in  the  different  reactions.  That  the  delayed  pre- 
dpitations  were  not  the  results  of  supersaturation  is  evident  from  considera- 
tion of  the  facts  that:  (i)  the  precipitations  were  continuous  over  the  times 
involved,  and  (2)  the  precipitations  were  promoted  by  direct  sunlight. 
It  appears,  therefore,  that  the  important  variables  involved  in  reactions 
of  this  kind  are:  (i)  the  affinity  constants  of  the  different  bases,  and  (2) 
the  factor  of  sunlight  energy. 

Without  involving  use  of  the  ionic  theory,  it  may  be  assumed  that  the 
.respective  bases,  with  different  affinity  constants,  manifest  different 
tendendes  to  coalesce  with  benzoyl  chloride;  this  tendency  has  its  basis 
in  the  residual  valendes  of  the  two  compounds  involved.  For  instance, 
the  bases  acted  upon  are  all  triv^ent  but  potentially  pentavalent;  the 
benzoyl  chloride  contains  the  unsaturated  atoms  oxygen  and  chlorine. 
Therefore,  it  is  possible  that  the  initial  reaction  is: 
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(8)  R«N  ==  +  ==  CICOC6H5  ^  R,N  ==  CICOCH. 

This  coalescence  may  be  assumed  to  be  partial  and  reversible,  the  direct 
progress  depending  upon  the  respective  affinity  constants  of  the  bases. 
The  molecular  compound  formed  may  represent  greater  or  less  tendency 
to  undergo  molecular  rearrangement,  as  indicated  in  the  equation: 

(9)  R,N  ==  ClCOCeHfi  1^  R,(C0C«H6)NC1 

and  the  promotion  of  this  rearrangement  may  be  caused  by  the  energy 
of  simlight.  Of  course,  the  weakness  of  this  hypothesis  is  the  non-isola- 
tion of  two  isomeric  additive  products;  it  would  seem  that  among  many 
different  reaction  products  of  this  kind,  some  of  the  unstable  form  (8) 
would  be  precipitated.  Since  secondary  reactions  do  not  occur  with  the 
tertiary  bases,  only  reactions  as  given  in  (8)  and  (9),  it  is  expected  that 
they  are  best  suited  for  the  study  of  this  problem.  As  a  matter  of  fact, 
these  very  bases  precipitate  two  crystalline  forms,  which  at  first  were 
assumed  to  be  the  benzoyl  chloride  and  the  hydrogen  chloride  additive 
products,  respectively,  of  the  base.  Since  the  hydrogen  chloride  could 
not  be  formed,  except  by  hydrolysis  of  the  benzoyl  chloride,  the  absolute 
exclusion  of  water  will  eliminate  the  possibility  of  formation  of  the  hydro- 
chloride. This  problem  will  be  taken  up  anew.  In  the  two  following 
reactions: 

(10)  RNH2  +  BzCl  — ►  RBzNH.HCl 

(11)  RBzNH  +  HCl  -^  RBzNH.HCl 

the  end  products  are  the  same»  li/ence  it  may  be  concluded  that  the  reaction 
will  take  place  with  equal  ease.  Howeveri  this  wa^  found  npt  always 
to  b^  the  case.  For  instance,  isoanorlamine^  aniline,  (?-toluidine  and  a- 
aaphthylamine  yielded  the  additiye  product  with  ease,  but  their  respective 
benzoylated  derivatives  Jailed^  to  yield  with  hydrogen  chloride  the  some  addi- 
tioe  products.  When  it  is  remembered  that  hydrogen  chloride  is  more 
stable  toward  heat  than  benzoyl, chloride,  it  may  be  understood  how,  in 
accordance  with  the  coalescent  h3rpothesis: 
(12)    R.H«N  -  ClBz  V 

R.BzHN  -  Cl.H  — ►  RBzHN.HCl 
the  benzoyl  group  and  the  hydrogen  atom  attached  to  chlorine  may  mani- 
fest diflFerent  tendencies  to  shift  to  the  nitrogen  atom  and  thus  to  yield  the 
particular  additive  product.  Of  course,  since  the  hydrogen  chloride  in 
many  cases  yields  the  additive  product,  the  affinity  of  the  trivalent  nitro- 
gen molecules  must  exert  different  influences  on  the  hydrogen  atom  at- 
tached to  chlorine.    Thus  both  these  different  affinity  constants  and  the 

^  Equimolecular  quantities  of  benzamide  and  hydrogen  chloride  in  toluene  yieMed 
benzamide  hydrochloride.  Cf.  Dessaignes.  Ann.,  82,  234  (1852);  Pinner  and  Klein, 
Ber.,  10,  1897  (1877);  XI,  10  (1878);  Meyer,  /.  prakt.  Chem.,  [2]  30,  122  (1843). 
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tendency  of  (H)  and  (Bz)  to  dissociate  from  (CI)  are  probably  factors  of 
the  chemical  changes. 

Primaxy  Bases. 

Isohutylamine, — ^When  equimolecular  quantities  of  isobutylamine  and 
benzoylchloride  were  brought  together  in  anhydrous  ether,  an  immediate 
heavy  precipitate  was  formed.    It  contained  28.07%  C^* 

Calculated  for  C4HtNH,.Ha;  CI.  29.66%;  for  CJIf.COIiCONH.Ha:  CI,  16.60%. 
From  these  data  it  was  calculated  that  isobutyl  benzatnide  hydrochloride 
was  present  as  1 1 .7 1  %  of  the  mixture.  Its  presence  was  further  indicated 
by  the  spinning  motions  produced  when  the  mixture  was  floated  on  water. 
After  being  washed  with  water,  dried  and  concentrated,  the  ether  solution 
jrielded  large  transparent  rectangular  plates  of  isobutylbenzamide^ 
melting  at  58^  and  boiling  at  305-308  ^  Anhydrous  ether  and  xylene 
solutions  yielded  some  oil  but  no  crystalline  isobutylbenzamide  hydro- 
chloride. 

Isoamylamine. — When  equimolecular  quantities  of  isoamylamine  and 
benzoyl  chloride  were  brought  together  in  anhydrous  ether,  pearly  flakes» 
softening  at  160^,  melting  at  201^  and  containing  16.09%  ^^  chlorine* 
were  obtained. 

Calculated  for  CiHu.C«H«CONH.Ha:  CI,  1556%.  Calculated  for  CiHuNHt.HCl : 
CI,  28.69%. 

Since  both  isoamylamine  and  isoamylbenzamide'  are  soluble  in  ether,  the 
precipitate  contained  only  isoamylbemsamide  hydrochloride.  Its  presence 
was  further  indicated  by  spinning  and  darting  motions  produced  when  the 
substance  was  floated  on  water.  The  ether  solution  and  some  of  the  pre* 
dpitate  were  treated  with  dilute  alkali;  the  ether  sdution  was  separated, 
dried  and  concentrated.  An  oil  boiling  at  310-315^  was  obtained;  evi- 
dently it  was  isoamylbenzamide,  C6Hu.CiHiC0NH  with  hydrogen  chlo- 
ride in  anhydrous  ether  toluene  xylene  yidded  a  liquid  hydrochloride. 

Aniline. — ^An  immediate  precipitate  was  formed.  It  was  incompletely 
soluble  in  water  and  contained  10.18%  of  chlorine. 

Calculated  for  C«Hi.CaiiCONH.HCl:  CX,  15.18%.  Calculated  for  C«H«NH,.HC1 : 
CI,  27.39%. 

Since  the  percentage  of  chlorine  was  lower  than  either  of  these,  it  contained 
benzanilide.^  This  was  obtained  by  adding  water  to  some  of  the  precipi- 
tate— ^leaflets  melting  at  161  **  were  obtained.  That  the  original  precipitate 
contained  benzanilide  hydrochloride  was  further  indicated  by  spinninjg 

*  Wheeler,  Am.  Chem,  /.,  23,  142;  Tithcrley,  /.  Chem,  Soc.,  79,  406. 

•  Wurtz,  Ann.,  75,  334;  Tms  Journal,  34,  1404  (1912). 

'Wallach  and  Hoffman,  Ann.,  184^  80;  Gerhardt,  Ibid.,  60,  311;  Lossen,  Ibid., 
I75f  310;  Leuckart,  /.  prakt.  Chem.,  [2]  41,  306;  Beckman,  Ber.,  ao,  1508,  2581;  Naseli, 
Bull,  soc.  chim.,  [3]  11,  893;  Schweder,  Ber.,  la^  1613;  Berthelot,  Pogh,  Ibid.,  la,  1613; 
Cdben,  /.  Chem,  Soc.,  59,  71;  Meyer  and  Sundmacher,  Ber.,  3a,  2123;  Dinglinger, 
Ann.,  31I9 153. 
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motions  when  it  was  floated  on  water.  It  could  not  be  prepared  by  adding 
hydrogen  chloride  to  a  toluene  solution  of  pure  benzaniUde. 

p-Toluidine. — ^An  immediate,  voluminous  precipitate  was  formed  It 
was  incompletely  soluble  in  water  and  contained  9.35%  of  chlorine. 

Calc.  for  CH,C«H4.C.HsC0NH.HCl:  Q,  1432%.  Calc.  for  CtHtHNi.HCI:  Q, 
24.70%. 

The  insoluble  portion  was  identified  as  />-tolylbenzaniide,  melting  at  158°. 
That  the  original  precipitate  contained  p'tolylbenzamide  hydrochloride 
was  indicated  by  the  spinning  motions.  It  was  prepared  in  pure  form  by 
passing  hydrogen  chloride  into  a  xylene  solution  of  />-tolyIbeazamide. 
When  isolated  it  was  found  to  be  decomposed  even  in  a  desiccator  at  ordi- 
nary, temperatures  into  p-tolylbenzamide^  and  hydrogen  chloride.  That 
the  crystals  were  the  additive  compound  was  proven  by  the  following 
method  of  analysis:  After  the  crystals  were  formed  in  the  manner  indi- 
cated above,  the  apparatus  was  aspirated  with  dry  air  to  remove  the  ex* 
cess  of  hydrogen  ddoride.  Without  exposing  the  contents  of  the  vessel 
to  atmospheric  moisture,  the  xylene  was  siphoned  off  and  the  crystals 
were  washed  with  more  dry  xylene,  which  was  also  siphoned  off.  More 
xylene  was  added  and  also  some  distilled  water.  The  crystalline  com- 
pound being  hydrolyzed,  the  hydrogen  chloride  dissolved  in  the  water 
and  the  ^-tolylbenzamide  dissolved  in  the  xylene.  The  former  was 
estimated  by  titration  with  silver  nitrate;  the  latter,  by  evaporating  the 
xylene  solution.  From  these  data  it  was  calculated  that  the  crystals  con- 
tained 14.80%  of  chlorine. 

Calc.  for  C7Ut.C«H»C0NH.HC1:  01,14.32%. 
]^uimolecular  quantities  of  ^-tolylbenzamide  and  hydrogen   chloride 
in  toluene  did  not  3rield  any  precipitate  of  the  hydrochloride. 

o-Tduidine, — ^An  immediate  precipitate  containing  10.47%  of  chlorine 
was  obtained.  Since  spiiming  motions  were  obtained  with  water  and  the 
insoluble  portion  melted  at  142^,  the  precipitate  evidently  was  a  mixture 
of  o-toluidine  hydrochloride,  (7-tolylbenzamide'  and  o-tolylbenzamide 
hydrochloride..  The  last  mentioned  could  not  be  prepared  by  passing 
hydrogen  chloride  into  a  xylene  solution  of  o-tolylbenzamide. 

m-Toluidine, — An  immediate  precipitate,  showing  spuming  motions 
on  water  and  containing  11.00%  of  chlorine,  was  obtained.  That  it  was 
a  mixture  of  m-toluidine  hydrochloride,  m-tolylbenzamide'  and  m-tolyU 
bensamidehydrochloride  is  sufficiently  evident. 

a-Naphtkylamine. — When  3  g.  of  benzoyl  chloride  and  3.06  g.  of  a- 

iJaiUard,  Z.  Chem.,  1865,  400;  Hflbner,  Ann.,  ao8,  310;  Wallach,  Ibid.,  214, 
217;  Apitzsch,  Ber.,  33,  3524. 

>  Bfichner,  Ann.,  205,  130,  gives  melting  point  at  142-^3^;  Oudeman»  Ber.,  21, 
2553»  gives  melting  point  at  131  ^ 

•  Just,  19,  983.  gives  m.  p  123*. 
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naphthylamine  were  brought  together  in  anhydrous  ether,  an  immediate 
voluminous  precipitate  was  formed.  It  was  filtered  and  the  ether  solution 
gave,  by  evaporation,  2.53  g.  of  a  mixttu-e  of  a-naphthylbenzamide  and 
unchanged  benzoyl  chloride.  The  precipitate  weighed  3.504  g.  and  con- 
tained 7.84%  of  chlorine. 

Calc.  for  Ci«H7NH,.Ha:  Q,  1974%.  Calc.  for  C10H7.Cai4CONH.Ha:  CI. 
12.50%. 

Upon  adding  water  to  the  precipitate,  spinning  motions  indicated  the 
presence  of  the  additive  compound.  The  insoluble  portion,  consisting 
of  a-naphthylbenzamide^  and  melting  at  156^,  weighed  1.942  g.;  the  aque- 
ous solution  yielded  by  evaporation  (a)  1.4577  g.  of  a-naphthylamine 
hydrochloride.  The  difference  between  the  sum  of  these  weights  and  the 
weight  of  the  original  precipitate  was  0.1043  g.  or  the  hydrogen  chloride 
united  with  a-naphthylbenzamide  in  the  additive  compound,  and  rendered 
free  by  the  action  of  water  on  the  original  precipitate.  Since  this  hydrogen 
chloride  is  equivalent  to  (b)  0.81 11  g.  of  a-naphthylbenzamide  hydrochloride, 
the  original  mixture  consisted  of: 

GraaitL  Percent. 

(o)  CioHtKHlHO 1 .4577  41 .60 

(6)  C10H7.Cai4CONH.HCl , O.8111  23.15 

(c)  Ci«H7.Cai»CONH 1 .2352  35.25 

Making  use  of  the  fact  that  the  aqueous  portion  (i  .562  g.)  contained  18.30% 
of  chlorine,  it  may  be  calculated  that  28.45%  of  the  original  precipitate 
was  an  additive  compound.  From  these  two  analyses  it  is  concluded  that 
the  original  precipitate  contained  23-28%  of  a-naphthylbenzamide  hydro- 
chloride. This  compound  could  not  be  formed  by  passing  hydrogen 
chloride  into  solutions  of  a-naphthylbenzamide  in  alcohol-ether,  benzene 
or  xylene. 

Phenylhydrazine. — ^An  immediate,  voluminous  precipitate,  containing 
only  3.17%  of  chlorine  was  obtained. 

Calc.  for  C«H»N,H,.C«H4COCl:  CI,  1427%.  Calc.  for  CtH»N,H,.HCl :  CI, 
24-53%. 

With  water,  the  precipitate  showed  darting  motions  and  yielded  insoluble 
benzoylphenylhydrazine  melting  at  i66*.  The  precipitate  was  a  mixture 
of  phenylhydrazine  hydrochloride,  benzoylphenylhydrazine,*  and  benzoyl- 
phenylhydrazine hydrochloride.  The  last  was  prepared  by  passing  hydrogen 
chloride  into  xylene  containing  benzoylphenylhydrazine.  When  washed 
by  decantation  with  anhydrous  ether  and  preserved  in  a  desiccator, 
fumes  of  hydrogen  chloride  and  a  residue  containing  little  chlorine  were 

»  Ebell,  Ann.,  308,  324,  gives  m.  p.  165**;  Kiilm,  Ber.,  18,  1477,  gives  m.  p.  161- 
162°;  Hoftnann,  Ibid.,  ao,  1798,  gives  m.  p.  159-160*;  Worms,  IM.,  15,  1S14. 

^  The  melting  point  is  given  at  168 ^  Fisher,  Ann.,  190,  125;  Just,  Ber.,  19,  1203; 
Bamberger,  Ibid.,  27,  162;  Holleman  and  Antusch,  Rec.  trav.  chint.,  13,  9423;  Baid- 
akowski  and  Slepak,  J.  Russ.  Phys.  Chem.,  35,  68. 
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obtained.  Evidently  the  compound  is  dissociated  at  ordinary  tempera- 
tures. 

Acetamide. — ^Though  the  solution  was  kept  in  the  sunlight  for  most  of 
five  months,  only  a  little  amorphous  precipitate,^  containing  22.96% 
of  chlorine  was  obtained. 

Calc.   for   CH,C0NH,.HC1:  CI,   37.t2%.     Calc.   for  CJI»CO(CH,CO)NH.HCl: 

CI,  17.77%. 

t/rea.^-The  solution  very  slowly  precipitated  clusters  of  transparent, 
thick,  hexagonal  plates  clinging  to  the  sides  of  the  bottle,  and  containing 
17.91%  of  chlorine. 

Calc.  for  CON4H4.Cai.OOa:  Ci,  1768%. 

Ureabenzoylchloride  melts  at  209^  with  decomposition  and  dissolves  in 
water  with  slow  motions. 

GlycocoU. — ^After  ten  weeks,  amorphous  glycocoU,  insoluUe  in  ether, 
was  partially  replaced  by  clusters  of  transparent,  prismatic  noedt^, 
containing  5.76%  of  chlorine. 

Calc.  for  CtH,OiNH|.HCl:  CI,  32x>8%.    Calc.  for  CJIiCO.CAOiNH.Ha:  Q, 

16.45%.  .  y  .... 

Since  no  spinning  motions  were  observed,  and  no  benzoic  add  could  be 
recovered  from  the  aqueous  solution,  it  is  concluded  that  the  crystals 
were  glycocoU  hydrochloride*  mixed  with  unchanged  glycocoU, 

Secondary  Bases. 
Dieihylamine. — ^An  immediate  precipitate  containing  29.19%  of  chlorine 
was  obtained. 

Calc.  for  (COIOiNH.HCl:*  CI,  32.36%.  Calc.  for  (CH,),C|H,C0N.HC1:  Cl, 
16.60%. 

Since  diethylamine^  is  soluble  in  ether,  the  percentage  of  chlorine  indicated 
that  the  miifture  contained  20.14%  of  diethylbewsamide  hydrachhride; 
the  presence  of  this  was  confirmed  by  the  spinning  motions  of  the  mixture 
on  water. 

Methylaniline. — Cr3rstals  forming  quite  slowly  dinging  to  the  side 
of  the  bottle  and  containing  23.03%  of  chlorine  were  obtained. 

Calc.  for CJi».CH,.CfH»CON.HCl:  Cl,  1432%.  Calc.  for C»H».CH,.NH.HC1:  Cl, 
24.70%. 

If  phenylmethylbenzamide^  was  not  contained  in  the  mixture,  16.09% 
was  phenylmethylbemamide  hydrochloride, 

^  This  Journal,  34,  1403  (191 2). 

•Curtius  and  Gdbcl,  /.  prakt.  Chem,,  [2]  37,  157;  Schabus,  Jahrsb.,  i8S4i  676; 
SIraut  and  Hartmann,  Ann.,  133,  100. 

>  Wallach,  Ann.,  214,  275;  Behrend,  Ibid.,  aaa,  X19;  Pinner,  Ber.,  16,  1650. 

*  Since  diethylbenzamide  is  a  liquid  boiling  at  280-282  ^  and  is  soluble  in  ether, 
it  was  not  a  component  of  the  mixture.  Hallman  prepared  it  in  the  above  indicated 
manner,  Ber.,  9,  846;  Ramburgh,  Rec.  irao.  chim.,  4, 387. 

*  Hepp  gives  m.  p.  59^;  Ber.,  10,  329;  Hess  gives  m.  p.  63";  Ibid.,  x8,  685;  Wis- 
lioenus  and  Goldschmidt,  Ibid.,  33,  147 1. 
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Piperidine, — ^An  immediate,  very  hygroscopic  precipitate,  containing 
24.70%  of  chlorine,  was  obtained. 

Calc.  for  CfcHiiN.HCl:  CI,  29.17%.     Calc.  for  C»H,oN.C4H*CO.HCl:  CI,  1572%. 

If  not  containing  benzoylpiperidine,^  the  mixture  was  composed  of  33% 
of  benzaylpiperidine  hydrochloride.  This  was  prepared  by  treating  the 
former  with  hydrogen  chloride  in  anhydrous  ether  solution.  First  crystals, 
then  an  oil,  on  standing,  white,  hygroscopic  needles  containing  16.50% 
of  chlorine  were  obtained,  hence  nearly  pure  additive  compound  was 
obtained. 

Benzylethylamine. — ^A  slow-forming  precipitate  containing  19.30%  of 
chlorine  was  obtained. 

Calc.  for  C«H»CH,.C,H»NH.HC1:  CI,  20.66%.  Calc.  for  C«HtCHt.CsH«.. 
COIiCON.Ha:  a,  12.87%. 

The  presence  of  bensylethylbenzamide  hydrochloride  (17.47%)  was  indicated 
by  the  spinning  motions  of  the  mixture  on  water.  Benzylethylbeneamidet 
boiling  at  218^  at  29  mm.,  was  prepared. 

Tertiary  Bates. 

Triethylamine. — Equimolecular  quantities  of  benzoyl  chloride  and  tri- 
ethylamine  gave  an  immediate  precipitate  which  was  increased  on  standing. 
The  aystak  softened  at  180 *,  melted  at  238-240**  and  contained  15.15% 
of  chlorine. 

Calc.  for  (C,H*)^.HC1:  CI.  25.77%.     Calc.  for  (C,H*).NC«H»C0C1:  CI,  1467%. 

Evidently  the  substance  was  a  mixture  of  triethylamine  hydrochloride* 
with  trietkylaminebenzoylchloride. 

Triamylamine. — ^The  reaction  mixture  remained  in  an  amber-colored 
bottle  for  three  weeks  without  yielding  a  precipitate.  After  standing  for 
five  weeks  more  in  a  dear-glass  bottle,  a  mass  of  long  needles,  melting 
at  117^  and  containing  9.55%  of  chlorine  was  obtained. 

Calc.  for  (CiHi,),N.CtHiCOa:  CI,  964%. 

These  were  nearly  pure^  crystals  of  triamylaminebenzoylchloride.  Upon 
water  they  gave  the  characteristic  spinning  and  darting  motions. 

Difnethylaniline. — In  sunlight,  transparent,  prismatic  crystals  were 
gradually  formed  on  the  sides  of  the  bottle.  They  were  ver>'  hygroscopic 
and  contained  12.90%  of  chlorine. 

Calc.  for  (CH,),C»HiN.HCl:  CI,  22.50%.  Calc.  for  (CH,),C«H»N.CfH»COCl:  a, 
I3.55%. 

^  Schotten,  Ber.,  17,  2455;  ai,  2238,  gives  m.  p.  48^;  Cahours,  Ann.  ckim,  phys., 
13)38,76. 

*  SchifF  and  Monsacchi,  Z.  phys.  Chem.,  24,  516. 

*  "Triisoamylamine  Hydrochloride,"  Hofmann,  Ann.,  79,  22;  Malbot,  Ann.  dbtm. 
phys.,  [6]  13,  504. 
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These  crystals  were  neaiiy  pure*  dimeAytamline  bemoykhloride, 

Diethylaniline. — Crystals  melting*  at  1 15-120**  and  containing  14.20% 
of  chlorine  were  obtained. 

Calc.  for  Cai»(C,H»),N.Ha:  CI,  1910.    Calc.  for  C«H»(C2H0iN.C.H»COClr  CI, 
12.24%, 

Diethylaniline  benzayUMoride  was  present  as  71%  of  the  mixture. 

Antipyrine. — Clusters  of  transparent  needles  melting  at  138*^  to  a  blood- 
red  liquid  were  obtained.    The  substance  contained  11.08%  of  chlorine. 

Cak.  for  CiiHi,N^.C«H«COa:  CI,  10.47%. 
Aniipyrine  benzoyUMoride  is  very  soluble  in  water. 

Quinoline. — ^Precipitated  slowly,  reddish  crystals  melting  at  112-116^ 
and  containing  16.10%  of  chlorine. 

Calc.  for  CtHTN.HO:  Q.  21.42.    Cak.  for  CtHfK.COigCOCl:  CI,  13x5%. 
Evidently  quinoline  benaoyUhlaride  was  present  as  65%  of  the  mixture. 
Pyridine. — A  slow-forming  precipitate  containing  26.30%  of  chlorine 
was  obtained. 

Calc.  for  Cai»N.HCl:  O,  30-69.    Cak.  for  CiHiN.C<H«COCl:  CI,  16.15%. 
Pyridine  benzoyl  chloride  was  present  as  31%  of  the  mixture. 

a'Picoline. — Star-like  clusters  of  needles  containing  17.60%  of  chlorine 
were  obtained. 

Calc.  for  C»H4N.CH,.Ha:   CI,  2737%.     Calc.  for  C»H4N(CH»).C4H»COCl:  CI, 
15.18%. 
Picoline  benzoyl  chloride  was  present  as  80%  of  the  mixture. 

SVATTL*,  Wash. 
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[SBCOND  PAPBR.] 

By  L.  H.  Cons. 
Received  July  20.  1914. 

In  a  previous  paper^  some  experiments  were  described  which  indicate 
a  very  dose  analogy  between  the  acridyl  salts,  e.  g.,  salts  of  diphenyl  acridol 
(I),  and  the  salts  of  triphenylcarbinol  and  its  analogues  (II).  The  analogy 
lay  in  the  diaracter  of  the  reaction  of  the  respective  hidides  with  metals. 
Triphenylmethyl  diloride  and  its  analogues  in  soluticm  react  with  silver 
and  other  metals  to  form  highly  unsaturated  free  radicals  of  the  type  of 
triphenylmethyl.    These  free  radicals  absorb  oxygen  from  the  air  to  form 

>  Dimethylaniline  hydrochloride  melts  at  83-85',  Scholl  and  Hscales,  Ber.,  30, 
3134;  Menschutldn,  /.  Russ.  Phys.  Chem.  Ges.,  30,  252;  Perkins,  J.  Chem.  Soc.,  69, 
1235;  Bredig,  Ber.,  30,  673. 

•  Diethyl  aniline  hydrochloride  melts  at  145®,  Reynolds,  J.  Chem.  Soc.,  61,  457; 
This  Journal,  34,  1408  (1912). 

•  Presented  at  the  spring  meeting  of  the  American  Chemical  Society,  Cincinnati. 
April,  1914. 

•  This  Journal,  34,  1695  (1912). 
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peroxides.  It  was  shown  that  dipheaylacridyl  chloride  and  also  phenyl* 
A^*methylacridyl  chloride,  when  shaken  in  nitrobenzene  solution  with 
molecular  silver,  give  highly  col<»red  solutions  which  absorb  oxygen.  Xt 
was  assumed  that  in  these  adored  solutions  free  acridyl  radicals  were 
present.  A  quantitative  study  was  made  of  these  reactions  and  it  was 
found  that  first  silver,  and  then  oxygen  enter  into  the  reactions  in  the 
proportions  given  in  the  following  equations: 

(a)  C«Hi,Na  +  Ag  =  (C«Hi8N)  -  +  AgCl 
(6)  2(C»Hi8N)  —  +  O,  «  (CttHigN)  —  O  —  O  —  (C«H,8N) 
Neither  the  unsaturated  diphenylacridyl,  supposed  to  be  farmed  in  re- 
action a,  nor  its  peroxide,  supposed  to  be  formed  in  reaction  b,  were  at 
that  time  isolated,  but  the  evidence  seemed  condusive  Aat  both  bf  these 
compounds  were  produced.  This  dose  analogy  betweto  the  aeridyl 
chlorides  and  the  triar3dmediyl  chlorides  in  so  important  a  reattion  as 
the  lormation  of  free  radicals  seemed  to  warrant  assignii^  to  the  ocdored 
acridyl  chlorides  the  same  type  of  quinocarbonium  structtu-e  (IV)  as  that 
employed  for  the  colored  modifications  of  the  more  simple  triaryfadethyl 
chlorides  (III).  ... 


(I)  (II)  (III)  (IV) 

It  has  now  been  shown  that  the  interpretation  of  the  reaction  between 
acridyl  chlorides  and  metals,  and  then  with  oxygen  as  given  in  equations 
(a)  and  (6)  above,  is  entirdy  correct.  This  has  been  jddae  by  actually 
isolating  several  unsaturated  radicals  and  their  peroxides.  The  free  rad* 
icals  as  obtained  are  dark  brownish  red,  beautifully  crystalline  compotrnda, 
which  in  solution  absorb  oxygen  irom  the  atmosphere  n^ridly  to  form  color- 
less peroxides.  They  will  also  combine  directly  with  halogens  to  form  the 
corresponding  haUde  salts.  The  method  which  has  been  found  most 
satisfactory  for  the  preparation  of  these  free  radicals  is  to  shake  a  watery- 
solution  of  some  salt,  preferably  the  sulfate,  with  zinc  dust.  The  zin^ 
immediatdy  becomes  covered  with  a  dark  red  coating  erf  the  free  radical, 
and  if  enough  zinc  has  been  added  the  highly  colored  stdfate  solution 
is  completdy  decolorized.  The  colorless  watery  solution  of  zinc  sulfate 
can  then  be  decanted  from  the  zinc  and  free  radical.  On  addition  of  benz- 
ene to  the  moist  slime  the  free  radical  is  dissolved,  forming  a  dark  red 
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solution  and  the  excess  of  zinc  appears  again  in  its  normal  color.  The 
dark  red  benzene  solution  is  very  sensitive  to  oxidation.  If  it  is  shaken 
a  moment  in  contact  with  air  all  of  the  dark  red  color  disappears  and  there 
remains  only  a  pale  yellow  or  brown  coloration.  From  this  decolorized 
solution  colorless  peroxide  soon  begins  to  separate  out.  In  some  cases 
the  peroxide  is  soluble  enough  in  benzene  so  that  it  can  be  recovered  only 
by  evaporation  of  the  solvent. 

The  feature  which  distinguishes  the  preparation  of  free  acridyl  radicals 
from  the  preparation  of  other  triarylmethyls  is  the  use  of  watery  solutions 
of  the  acridyl  salts  instead  of  benzene  solutions  as  in  the  other  cases.  This 
difference  is  rendered  necessary  by  the  complete  insolubility  of  most  acridyl 
salts  in  inert  organic  solvents,  and  by  the  non-solubility  of  the  ordinary 
triarylmethyl  chlorides  in  water.  It  seems  hardly  possible  that  these 
two  classes  of  salts  could  all  react  so  completely  alike  in  such  a  characteristic 
reaction  and  yet  belong,  as  is  generally  supposed,  to  distinctly  diflPerent 
types  of  compounds,  that  is,  to  the  quinocarbonium  type  for  the  colored 
forms  of  the  triarylmethyl  salts  (III)  and  to  the  ammonium  type  for  the 
acridyl  salts  (V). 


In  the  absence  of  any  direct  experimental  evidence  that  the  acridyl  salts 
are  really  of  the  ammonium  type  it  seems  simpler  to  assume  that  they  are 
quinocarbonium  in  structure  (IV)  and  that  the  formation  of  the  free  rad- 
icals consists  simply  in  the  removal  of  the  acid  radical  by  a  metal.  The 
intensely  colored  acridyl  radicals  are  certainly  analogues  of  triphenyl- 
methyl.  But  triphenylmethyl«  in  solution  at  least,  is  not  one  single  sub- 
stance but  is  a  mixture  of  substances  in  equilibrium  with  each  other  prob- 
ably as  expressed  in  the  following  equation:' 


(C«KU).C  — 


'•■^ 


(C,H,),C 


{CH,),C.C(CJJ»), 

tl      /=^=\   /C(CH.), 
(C.HO.C  -<(_X^ 


The  right-hand  side  of  this  equation  is  the  predominant  one  in  the  ease 

»  Gomberg,  Tms  Journal,  36,  1162  (1914);  Schmidlin,  "Das  Triphenylmethyl." 
p.  213. 
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of  triphenylmethyl.  The  reverse  is  true  for  the  acridyl  radicals,  the  left- 
hand  or  monomolecular  side  being  present  in  their  solutions  almost  to 
the  exclusion  of  the  other.  Of  the  two  monomolecular  forms,  the  upper 
benzoid,  colorless  form  and  the  lower  quinoid,  colored  form,  the  quinoid 
is  probably  the  predominant  one  because  of  the  intense  color  of  the  radicals 
and  their  solutions. 

Experimental. 

Diphenylacridol  (/). — ^This  compound  has  been  prepared  by  UJUmann' 
and  his  method  has  in  the  main  been  followed.  A  few  modifications  of 
his  method  have  in^eased  the  certainty  of  good  results  in  carrying  out 
the  preparation  according  to  UUmann.  Commercial  anthranilic  acid  is 
converted  by  the  method  of  Goldberg  into  diphenylanthranilic  acid  and 
this  is  then  changed  to  A/^-phenylacridon  by  means  of  sulfuric  acid.  The 
^-pbenylacridon  is  converted  into  diphenylacridol  by  means  of  phenyl 
magnesium  bromide.  This  reaction  is^  described  in. detail  because  Ull- 
manii'3  pirocedure  is  varied  considerably.  The  powdered  acridon  is  added 
in  small  portions  to  a  io%, excess  of  phenyknagnesium  bromide  dissolved 
in  rather  a  large  quantity  of  ether  (one- twentieth  mol  in  a)90ut  150  cc.). 
After  a  considerable  portion  of  the  acridon  has  been  added,  an  oil  begins 
to  separate  from  the  ethereal  solution.  Without  making  any  further  addi- 
tions of  acridon,  the  ether  is  now  boiled  till  the  oil  turns  to  a  yellow  soHd 
which  can  easily  be  powdered  by  means  of  a  glass  rod.  The  rest  of  the 
acridon  is  then  gradually  added,  with  boiling  and  shaking  after  each  addi- 
tion. After  all  of  the  acridon  has  been  added  the  reaction  mixture  is 
boiled  about  two  hours.  The  yellow  powder  in  the  bottom  of  the  flask 
is  frequently  stirred  in  order  to  give  the  very  insoluble  acridon  every  op- 
portimity  to  enter  into  reaction.  The  ether  is  distilled  oflf,  ice  and  hydro- 
chloric add  are  added  to  the  residue  and  the  resulting  mixture  is  steam- 
distilled  to  remove  benzene  and  bromobenzene.  All  but  a  small  portion 
of  the  residue  will  dissolve  in  dilute  acid.  To  the  filtered,  cold  acid  solution, 
which  contains  diphenylacridyl  chloride,  sodium  hydroxide  is  then  added 
till  the  liquid  is  decidedly  alkaline.  Diphenyl  acridol  and  magnesium 
hydroxicie  separate  out  together.  The  precipitate  is  filtered,  washed  a 
little  with  approximately  normal  sodium  hydroxide  solution  and  dried 
in  a  steam  or  electric  oven  to  avoid  acid  fumes.  Although  the  acridol 
could  be  precipitated  free  from  magnesium  hydroxide  by  means  of  am- 
monium hydroxide,  the  use  of  this  reagent  is  not  advisable,  for  then  an 
amino  derivative  is  formed  from  which  it  is  diflScult  to  free  the  acridol.' 
The  sodium  hydroxide  is  left  in  the  cake  of  precipitate  to  keep  the  acridol 
from  taking  up  acid  from  the  air  during  drying.  The  dried  cake  is  broken 
up  and  extracted  in  a  Landsiedl  extractor  with  benzene.    The  benzene 

*  Ber.,  40»  2520  (1907) 

«  Villiger,  Ibid.,  45,  2910  (1912). 
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solution  is  concentrated  and  the  acridpl  thrown  out  of  solution  by  the 
addition  of  petroleum  ether.  It  can  thus  be  obtained  in  pure  white,  crys- 
talline leaflets  which  melt,  as  Ullmann  gives,  at  178°.  The  yield  is  85 
to  90%  of  the  theory  as  calculated  from  the  acridon. 

Diphenylacridyl  Chloride  {IV). — ^A  method  of  preparation  of  diphenyl- 
acridyl  chloride  has-been  already  described/  but  a  simpler  method  of  ob- 
taining it  has  now  been  found.  From  a  solution  of  the  acridol  in  chloro- 
form the  chloride  hydrochloride,  CssHigNCl.HCl,  is  prepared  by  means 
of  acetyl  chloride  and  hydrochloric  acid  gas  as  directed  in  the  previous 
paper.  The  yellow  crystalline  chloride  hydrochloride  is  filtered  out, 
redissolved  in  chloroform  and  an  excess  of  pure,  dry  calcium  carbonate 
is  added.  The  mixture  is  shaken  for  some  minutes..  The  molecule  of 
hydrochloric  acid  in  the  hydrochloride  is  quickly  removed  to  form  calcium 
chloride  and  acridyl  chloride  remains  in  solution.  On  concentration  of 
the  chloroform  solution  and  gradual  addition  of  petroleum  ether,  the  chlo- 
ride crystallizes  out  perfectly  pure  as  glittering  yellow  plates. 

Diphenylacridyl, 


C«H»  CsHt 

The  action  of  various  metals  upon  diphenylacridyl  chloride  dissolved 
or  suspended  in  different  solvents  has  been  tried  repeatedly.  The  metals 
which  were  most  frequently  tested  were  silver  and  mercury.  Every  at- 
tempt to  bring  about  a  reaction  between  these  metals  and  watery  solutions 
of  the  chloride  failed.  It  was  then  found,  as  reported  in  the  last  paper, 
that  the  chloride  dissolved  in  nitrobenzene  reacts  with  silver,  and  that 
by  long  shaking  the  reaction  can  be  brought  to  completion  according  to 
Equation  a  on  page  2102.  Finally  it  was  found  that  warm,  watery  solu- 
tions of  diphenylacridyl  chloride  are  rapidly  decolorized  by  zinc  dust  and 
that  the  product  formed  is  not  colorless  diphenylacridane  as  might  be 
-expected  but  is  a  brownish  red  tmsaturated  compound,  diphenylacridyl. 
Granulated  zinc  reacts  slightly  but  the  surface  becomes  rapidly  coated 
over  with  a  thin  copper-like  film  of  the  free  radical  and  further  progress 
of  the  reaction  ceases.  Zinc  dust  seems  to  be  an  ideal  reagent  because 
of  its  very  large  surface.  Even  this  large  surface  becomes  quickly  coated 
-over  by  the  free  radical  which  is  completely  insoluble  in  water,  and  the 
^  This  Journal.  34,  1699  (1912). 
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reaction  stops  unless  a  great  excess  of  zinc  dust  (thirty  to  forty  times  the 
theoretical  amount)  has  been  used.  If  a  fairly  concentrated  solution  of 
the  chloride  is  used,  its  reaction  with  zinc  dust  will  go  rapidly  to  completion 
only  in  hot  water.  In  cold  water  the  reaction  starts  but  the  zinc  chloride 
formed  imites  with  still  unchanged  acridyl  chloride  to  form  a  rather  in- 
soluble double  salt  and  this  decreases  the  rate  of  the  reaction.  When 
the  sulfate  is  used  in  place  of  the  chloride  no  double  salt  is  formed  and  so 
the  reaction  is  very  rapid. 

Qualitatively,  the  reaction  can  be  carried  out  in  a  test  tube  in  the  most 
simple  manner.  In  fact,  as  a  lecture  room  experiment  to  demonstrate 
the  existence  of  free  radicals  and  their  properties  the  preparation  of  di- 
phenylacridyl  leaves  nothing  to  be  desired  in  the  way  of  simplicity  and 
certainty.  About  i  g.  of  diphenylacridol  is  suspended  in  25  cc.  of  water 
and  approximately  twice  the  amount  of  sulfuric  acid  necessary  to  make 
the  normal  sulfate  is  added.  The  suspension  of  the  acridol  is  warmed 
on  the  steam  bath  with  stirring  till  the  solid  has  largely  dissolved.  To 
the  filtered,  clear  yellow  solution  sodium  hydroxide  solution  is  cautiously 
added,  drop  by  drop,  till  a  small  permanent  precipitate  of  acridol  is  formed. 
To  this  normal  sulfate  solution  10  g.  of  zinc  dust  are  added  and  the  mixture 
is  shaken  vigorously.  The  reaction  is  complete  in  a  fraction  of  a  minute. 
The  dark  red  slime  of  zinc  dust  and  free  radical  settles  quickly  and  the 
perfectly  colorless  watery  layer  can  be  poured  off.  The  free  radical  does 
not  oxidize  rapidly  while  in  the  solid  state  and  wet  with  water  so  no  special 
precautions  are  necessary  up  to  this  point  to  prevent  oxidation.  The 
test  tube  containing  the  slime  is  now  filled  completely  with  benzene,  closed 
tightly  with  the  thumb  and  inverted  several  times.  The  dark  red  benzene 
solution  ot  the  free  radical  is  then  poured  slowly  out  into  a  beaker.  The 
solution  decolorizes  immediately  to  a  pale  yellow  or  brown.  After  fifteen 
or  twenty  minutes'  standing  in  the  open  the  decolorized  solution  becomes 
turbid  from  the  separation  of  peroxide.  Thorough  decolorization  of  the 
benzene  solution  will  take  place  only  if  pure  diphenylacridol  was  used 
in  the  experiment. 

To  isolate  the  solid  crystalline  diphenylacridyl  considerable  care  is 
necessary.  The  apparatus  which  has  given  best  results  in  isolating  the 
compound  is  the  one  which  has  been  used  in  this  laboratory  for  the  prep- 
aration of  solid  triphenylmethyl.  This  has  been  illustrated  and  described 
in  detail  in  Serichie  der  deutschen  chemischen  Gesellschajt,  37,  2034.  Two 
similar  pieces  of  this  apparatus  as  described  there  are  necessary.  A  watery 
solution  of  the  sulfate,  4  to  5  g.  prepared  as  already  described  above,  is 
poured  into  one  apparatus.  The  air  is  displaced  by  carbon  dioxide,  and 
zinc  dust,  15  to  20  g.  slimed  up  with  water,  is  added  to  the  acridyl  sulfate 
solution.  The  reaction  is  quickly  completed  by  shaking.  The  colorless 
watery  layer  is  forced  out  of  the  apparatus  by  means  of  carbon  dioxide. 
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Warm  benzene  is  poured  in  an4  the  free  radical  dissolved.  The  coloi:^ 
benzene  solution  is  decanted  from  the  wet  zinc  slime  over  into  the  second 
apparatus,  passing  at  the  same  time  through  a  filter  cartridge  filled  with 
calcium  chloride  but  without  exposing  the  solutkn  to  the  air.  The  benzene 
solution  is  then  concentrated  under  reduced  pressure  till  crystallization 
begins.  A  vdume  of  petroleum  ether,  about  equal  to  the  benzene  solu* 
tton  remaining,  is  added,  the  apparatus  is  filled  with  carbon  dioxide  and 
put  in  a  cool  place.  Crystallization  is  complete  in  relatively  short  time. 
The  mother  liquor  is  decanted  off  from  the  crystals  and  they  are  washed 
with  low  boiling  petroleum  ether  and  dried  under  reduced  pressure.  About 
2  g.  of  the  crystsdline  product  can  thus  be  obtained  from  4  g.  of  the  acridoL 

The  melting  point  of  diphenylacridyl  is  unskarp,  about  185-190^, 
softening  below  that  temperature.  For  combustions  and  molecutar  weight 
determinations  the  diphenylacridyl  was  dried  in  a  partial  vacuum  at 
80-90^  in  a  slow  stream  of  carbon  dioxide.  It  was  necessary  to  mix  the 
substance  with  a  large  quantity  of  copper  oxikle  in  the  combustion  tube 
in  order  to  get  good  results  as  otherwise  it  was  almost  impossible  to  avoid 
too  rapid  decomposition. 

Calc.  for  CjsHiiN:  C,  90.32 ;  H,  5.46;  found:-  C,  90.17;  H.  5  65. 

Molecular  wtight  determinations  were  made  by  the  boillag^poitxt  method 
in  both  beiKs^e  arid  diloroform  solutions. 

s.  grams. 

Beh2«ile   I. 0.271 

II.; 0,201 

Chloroform   X o. 277 

U 0.494 

Calculated  for  CsfrHisN  =  332. 

These  determinations  show  conclusively  that  under  the  conditions  of  the 
experiments  above  diphenylacridyl  is,  largely  at  least,  in  the  monomolecular 
state.  The  results  are  all  slightly  higher  than  the  calculated  value  {332)9 
so  there  may  be  some  indication  of  sUght  association,  but  boiling  point 
•determinations  are  not  accurate  enough  to  warrant  any  quantitative 
statement  as  to  the  amount  of  this  association. 

Diphenylacridyl  dissolved  in  benzene  tmites  instantly  with  chlorine 
to  form  yellow  diphenylacridyl  chloride.  It  also  dissolves  slowly  in  hydro- 
chloric acid  to  form  the  chloride. 

Preparation  of  Diphenylacridyl  by  Electrolysis  of  its  Salts. — ^The  free 
Tadical  can  be  prepared  readily  by  electrol3rsis.  In  this  method  of  prep- 
aration it  is  best  to  use  a  solution  of  the  neutral  sulfate  in  the  absence  of 
all  other  salts.  Finely  powdered  diphenylacridol  is  warmed  and  stirred 
several  hours  with  less  than  the  necessary  amotmt  of  sulftuic  acid  to  dis- 
solve it  all.  The  excess  of  diphenylacridol  is  filtered  off.  The  sulfate 
solution  is  electrolyzed  in  a  wide  test  tube  with  a  platinum  wire  sealed 
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through  the  bottom.  Mercury,  to  serve  as  cathode,  is  added  till  the  plat- 
inum wire  is  covered.  The  anode  is  a  piece  of  platinum  foil  which  is 
suspended  in  a  tube  of  about  i  cm.  diameter.  To  prevent  free  mixing  of 
the  anode  and  cathode  liquid,  the  bottom  of  the  anode  tube  is  covered  with 
a  double  layer  of  filter  paper.  The  anode  tube  is  set  into  the  large  test 
tube  so  that  the  filter  paper  comes  above  the  merctuy.  Solid  diphenyl- 
acridol  is  added  to  the  liquid  in  the  anode  tube  for  the  purpose  of  combin- 
ing with  add  which  is  produced  there  during  the  electrofysis.  The  test 
tube  can  readily  be  kept  filled  with  carbon  dioxide.  8-10  volts  is  sufficient 
for  electrolysis.  On  closing  the  circuit  the  ammeter  will  jump  to  perhaps 
half  an  ampere,  and  then  immediately  fall  back  to  practically  zero.  At 
the  same  time  a  copper-like  film  of  diphenylacridyl  appears  over  the  sur- 
face of  the  mercury.  By  agitating  the  surface  of  the  mercury  the  di- 
phenylacridyl breaks  away  from  the  metcury  in  thin  scales  that  float 
upward  in  the  liquid.  The  current  passing  through  the  solution  varies 
according  to  the  extent  of  the  mercury  surface  which  is  free  from  diphenyl- 
acridyl at  any  time.  On  account  of  the  high  molecular  weight  of  the  free 
radical,  its  quantity  increases  rapidly  even  though  the  average  current  is 
small.  As  thus  prepared  the  product  appears  to  be  beautifully  crystalline, 
but  its  appearance  is  deceptive.  It  is  a  mass  oi  fine,  irregular  scales  not 
tmlike  shellac.  By  means  of  suitable  apparatus  the  diphenylacridyl  can 
be  separated  from  the  watery  sulfate  solution  and  recrystallized  from  benz- 
ene and  petroleum  ether  in  the  absence  of  air.  This  method  of  prepara- 
tion is  not  so  satisfactory  as  the  one  in  which  zinc  dust  is  used. 

Both  the  zinc  dust  method  and  the  electrolytic  method  of  preparation 
of  diphenylacridyl  serve  to  emphasize  the  metal-like  character  of  the  free 
radical.  The  salts  of  diphenylacridyl  in  watery  solution  are  highly  ionized 
like  the  salts  of  sodium  or  potassium.  The  precipitation  of  the  free  rad- 
ical from  such  a  solution  by  means  of  zinc  dust  or  electrolysis  is  exactly 
like  the  precipitation  of  copper  from  its  salts  by  the  same  methods.  In 
thin  films  the  free  radical  appears  lustrous  very  like  a  metal.  Like  the 
metals,  it  dissolves  in  acids  to  form  salts  which  are  water-soluble.  The 
property  of  electrical  conductivity  so  characteristic  of  metals  is,  however, 
apparently  not  possessed  by  diphenylacridyl  in  the  solid  state. 

Many  attempts  have  been  made  in  the  past  to  isolate  metal-like  free 
radicals.  The  nearest  approach  to  success  in  this  direction  has  come  in  the 
cases  of  ammonium,  methylanunonium  and  tetramethylammonium  amal- 
gams.^ A  comparison  of  the  properties  of  these  amalgams  with  those 
of  diphenylacridyl  shows  no  such  resemblances  as  exist  between  the 
latter  compound  and  the  triarylmethyls,  so  there  can  be  no  hesitation  in 
classifying  diphenylacridyl  as  other  than  an  ammonium  radical.  The 
fact,  however,  that  such  a  radical  as  diphenylacridyl  with  so  many  metallic 
'  McCoy  and  Moore,  This  Journal,  33,  277  (191 1). 
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properties  has  been  prepared,  gives  reason  to  believe  that  free  ammonium 
radicals  may  yet  be  isolated  and  that  some  ai  them  may  be  found  to  be 
relatively  staUe  compounds. 

Difhenylacridylptr oxide, ^--Tloas  peroxide  is  obtained  in  good  yield  by 
exposing  a  benzene  solution  of  diphen3rlacridyl  to  the  air  and  then  allowing 
nearly  all  of  the  benzewe  to  evaporate  at  room  temperature.  Ether  is 
added  to  the  small  residue  of  benzene,  the  peroxide  is  filtered  out  and 
washed  with  voott^  ether.  To  further  purify  the  still  pink  peroxide  it  is 
recrystaUized  from  carbon  disulfide.  This  is  best  done  by  extracting  the 
fine  powder  in  a  Landsiedl  extractor.  It  is  exceedingly  difficult  to  re- 
crystallize  the  peroxide  in  the  ordinary  manner,  i.  e.,  by  heating  a  suspen- 
sion of  the  solid  and  then  filtering  off  the  undissolved  portion,  because 
so  very  little  goes  into  solution.  In  the  extraction  apparatus,  however, 
as  much  as  i  g.  can  be  dissolved  in  loo  cc.  of  boiling  carbon  disulfide 
if  the  extracticHi.  is  continued  two  or  three  hours.  On  cooling  the  hot 
solution  from  the  extractor  the  peroxide  crystallizes  out  in  fine  prisms. 
This  oystaUine  peroxide  is  pale  yellow.  It  b^^s  to  darken  at  about 
190^  and  melts  between  204°  and  207°  according  to  the  rate  of  heating. 
With  a  moderate  rate  of  heating  it  will  generally  melt  at  204^. 

Cak.  for  C»«H«»NtOt:  C,  86.17;  H,  5.22;  found:  86.16,  85.60  and  5.16,  5.1 1. 
On  treating  the  peroxide  with  mineral  adds  it  goes  slowly  into  solution 
to  form  the  corresponding  acridyl  salts. 

Diphenyldcridane, — It  might  be  expected  when  a  watery  solution  of 
diphenylacridyl  chloride  is  treated  with  zinc  dust  that  in  addition  to  the 
free  radical  some  diphenylacridane  would  be  fortned* 

CttHisNCl  +  Zn  +  HCl  «  CasHigNH  +  ZnCU, 
the  add  necessary  for  the  reaction  coming  from  slight  hydrolysis  of  the 
chloride; 

CttH^gNCl  +  H2O  =  CwHigNOH  +  HCl. 
The  formation  of  diphenylacridane  is,,  however,  only  a  minor  reaction. 
The  major  part  of  the  acridyl  salt  simply  gives  up  its  add  radical  and  forms 
the  free  acridyl  radical.  Out  of  the  reaction  between  4  g.  of  the  acridyl 
sulfate  and  zinc  dust,  only  about  o.i  g.  of  the  acridane  has  been  isolated. 
The  diphenylacridane  is  very  soluble  in  benzene  so  it  will  be  found  in  the 
benzene-petrcdeum  ether  mother  liquors  from  which  the  free  radical  di- 
phenylacridyl has  been  crystallized.  These  mother  liquors  are  allowed 
to  evaporate  to  dryness  and  the  dark  residue  extracted  with  hot  ligroin, 
boiling  between  80°  and  90°.  The  residue  remaining  after  evaporating 
the  ligroin  is  treated  with  a  small  amount  of  akohol  acidulated  with  hydro- 
chloric acid  to  remove  acridol  and  peroxide.  The  insoluble  portion,  after 
cooling  the  alcohol,  is  diphenylacridane.  This  is  recrystaUized  from  li- 
groin, from  which  it  separates  as  almost  perfect  cubes  with  a  high  re- 
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fractive  index»  melting  point  175^.    On  standing  in  the  air,  the  crystals 
assume  a  slight  yellow  tinge. 

Diphenylacridane  can  also  be  prepared  by  adding  zinc  dust  to  a  boiling 
solution  of  diphenylacridol  in  acetic  ^eid.  The  free  radical,  diphenyl- 
acridyl,  is  formed  as  an  intermecfi^te  product,  as  is  shown  t^  the  instan- 
taneous production  of  a  deep  red  oolor  on  addn^  the  zinc  dust.  If  the 
boiling  is  continued  for  some  time  with  the  occasional  addition  of  zinc  dost 
to  the  add  solution^  the  red  color  will  be  gradually  discharged  to  a  pak 
3rellow.  On  pouring  the  acetic  add  solution  into  water  adduhfted  with 
hydrochloric  add,  the  diphenylacridane  predpitates  as  colortess  flakes. 
These,  on  drying  and  recrystalUzing  from  -ligroin,  show  the  same  properties 
as  given  aborvoi 

Calc.  for  CuHifNr  C,  90.04;  H,  5.75;  fouiid:  89.75  and  6.0b. 
Moleculftr  weight:  Calculated,  333;  foand:  331  in  b6ilitig  chtorofonn. 

Analogues  of  DiphenylacridyL— The  following  analogues  of  diphenyl- 
acridol have  been  prepared  and  from  them,  salts,  free  radicals  and  p^bzides, 
have  been  obtained:  /?-chloropheriyl-iV-phenylacrid6l,  ^-methoxyphenjd- 
A/'-phenylacridol,  2,4-dimethoxyphenyl-A^-phenylacridol,  phenyl-iNT-methyl 
acridol,  phenyl- A/-etiiylacridol.  So  far  as  studied,  the  salts  erf  all  of  these 
acridols  behave  essentially  as  do  the  salts  of  diphenylacridol.  In  each 
case  the  Watery  solutions  of  the  salts'  gtve  a  fi^,  daA  brownish  t^  radical 
with  zinc  dust.  All  of  these  free  radicals  afte  soluMe  in  benzene  acnd  in 
solution  are  readily  oxidized  to  form  p&ttmdtsJ  The  salts  having  ali- 
phatic radicals  attached  to  the  nitrogen  atom  tend  to  yield  more  of  t^e 
acridane  and  less  of  the  ftee  radical  than  the  aryl  nitrogen  acridyl  salts. 
The  free  radicals  and  the  peroxides  obtained  above  will  be  described  in 
the  next  paper* 

Ann  Akbok,  Mich. 
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In  the  course  of  an  investigation  on  the  hydrolysis  of  raffinose  by  en- 
zymes, it  became  necessary  to  prepare  several  kilograms  of  the  sufar. 
A  method  which  was  devised  for  the  purpose  has  proved  materially  prefer- 
able to  the  procedures  recorded  in  the  literature  and  its  description  may 
be  useful  to  those  requiring  a  supply  of  raffinose. 

Selection  of  the  Best  Natural  Source  for  Raffinose. 

It  is  recorded  that  crystalline  raffinose  has  been  isolated  from  Australian 

^  Contribution  from  the  Carbohydrate  Laboratory,  Bureau  of  Chemistry,  De- 
partment of  Agriculture. 
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eucalyptus  manna,^  cottonseed,*  beet  molasses,'  barley,*  wheat,^  and  the 
leaves  of  the  yew*  {Taxus  baccata  L.).  The  crystallization  of  raflfinose 
from  eucalyptus  manna  appears  to  have  been  readily  accomplished,  and 
with  as  high  a  yield  as  60%,  but  we  are  infcnmed  by  correspondents  in 
Australia'  that  the  manna  is  difficult  to  obtain  in  quantity.  Beet  molasses, 
barley,  and  wheat,  though  easily  obtained,  contain  considerable  quantities 
of  sugars  other  than  raffinose  and  in  consequence  its  crystallization  from 
these  sources  is  difficult  and  the  yield  small.  The  yield  of  raffinose  from 
the  leaves  of  the  yew  appears  to  be  very  small.  On  the  other  hand, 
cottonseed  is  a  very  sati^actory  source  because  it  is  readily  obtained,  is 
inexpensive,  contains  sev^til  per  cent,  of  raffinose  and  does  not  contain  other 
sugars  or  interfering  substances  in  sufficient  proportion  to  prevent  a  r^id 
cr3rstallization  of  the  raffinose  from  the  purified  and  concentrated  extract 
of  the  seed.  Upcm  inquiry  of  manufacturers,  we  learn  that  most  of  the 
raffinose  which  is  prepared  for  the  chemical  market  is  made  from  this 
natural  source. 

Cottonseed  can  best  be  used  for  this  preparation  in  the  form  of  cotton- 
seed meal,  whicfa  is  the  ground  press  cake  that  remains  after  the  oil  has 
been  expressed  from  the  hulled  seed.  Cottonseed  meal  is  extensively 
used  as  a  cattle  food  and  fertilizer  and  may  be  purchased  from  feed  mer- 
chants. 

Methods  of  RitOutuien  and  of  Zitkowski  for  Prepariag  RaBhiose  from 

Cotlcmaeed  Meal. 

Ritthausen  was  able  to  obtain  a  yield  of  frcxm  i  to  2.5%  of  crystalline 
raffinose  farom  oottonseed  meal  by  extracting  the  latter  with  warm  80% 
alcohol,  evaporating  the  solvent,  extracting  coloring  matter  and  oil  from 
the  re^due  with  ether,  precipitating  impurities  from  the  aqueous  solution 
of  the  residue  with  lead  acetate,  removing  the  excess  lead  as  sulfide,  and 
concentrating  the  solution  to  a  syrup,  which  crystallized  on  keeping  at 
about  zero  during  one  or  two  weeks.  When  this  process  is  carried  out  on 
a  large  laboratory  scak,  it  has  been  our  experience  that  it  is  expensive 
and  inconvenient,  on  aocount  of  the  extractions  with  alccAol  and  ether. 
The  yield  is  also  unsatisfactory  because  cottonseed  meal  contains  on  the 
average  6-8%  of  raffinose,  judgii^  from  the  polarimetric  reading  of  the 
extract. 

*  Johnston,  Phil.  Mag.,  23,  14  (1S43);  Berthelot,  Ann.  chim.  phys.,  46,  66  (1856); 
Tollens,  Ber.,  18,  261 1  (1885);  PasBtnore,  Pkarm.  J.  T^ans.,  ai,  717  (1890). 

*  Ritthausen,  /.  prakt.  Chem.,  29,  391  (1884);  B6hn,  Arckiv.  phurm.,  [3I  ^a,  159 
(1884). 

'  Loiseau,  Compt.  rend.,  82,  1058  (1876). 

*  O'Sullivan,  /.  Chem.  Soc.,  49,  70  (x886). 

*  Schulze  and  f  rankfurt.  Ber.,  ay,  64  {,1^94)- 

*  H6issey  and  Lefebvre,  /.  pharm.  Chim.,  [6]  a6,  56  (1907). 

'  Anderson  &  Co.,  Ltd.,  Seedsmen,  of  Sydney,  New  South  Wales. 
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Zitkowski^  has  prepared  raffinose  from  cottonseed  meal  by  extracting 
the  latter  with  water,  pressing  the  extract  from  the  meal,  making  it  alkaline 
with  lime  and  filtering,  precipitating  the  rafi&nose  at  a  low  ten^)erature  in 
a  special  cooling  and  stirring  apparatus  with  powdered  lime,  and  re- 
generating the  rafl&nose  from  its  insoluble  lime  compound  by  carbonating. 
After  evaporation  to  a  syrup,  there  slowly  crystallized  at  a  low  temperatture 
about  0.8%  of  rafl^ose.  Although  this  method  avoids  extractions  with 
alcohol  or  ether,  the  yield  is  very  low,  and  in  repeating  the  process,  it  has 
been  our  experience  that  it  is  difficult  to  carry  out,  though  we  succeeded 
in  obtaining  a  yield  of  about  1%  of  low  grade  raffinose^ 
An  Improved  Method  for  Crystallizing  RafBbiose  from  Cottonseed  Meal. 

The  following  is  a  description  of  a  procedure  by  idiich  we  have  prepared, 
in  the  laboratory  at  (Afferent  times,  about  5  kilograms  of  raffinose  from 
various  samples  of  commercial  cottonseed  meal  with  a  yidd  of  2.5  to  4%. 

One  kilo  of  meal  is  mixed  with  5  liters  of  tap  water  and  filtered  with 
suction  on  a  large  Biichner  funnel  as  quickly  as  possible,  because  a  delay 
of  fifteen  minutes  or.  more  may  cause  the  meal  to  become  too  slimy  for 
filtration.  The  sugar  contained  in  the  meal  dissolves  very  readily  in  cold 
water  and  the  meal  may  be  Trashed  on  the  funnel  with  cold  water  until 
the  filtrate  shows  no  optical  rotation.  To  the  combined  filtrates  there  is 
added  the  usual  basic  lead  acetate  solution^  in  slight  excess,  which  requkes 
about  I  cc.  for  each  5.g.  of.meal.  The  yeUow; lead  preci^pitftte  is  ivmoved 
by  slow  filtration  over  night  tiirough  papei^  and  is  washed  in  the  morning, 
after  transference  to  a  Biichner  funnel,  until  the  washings  show  no  roitation. 
The  combined  filtrates  should  be  brilliantly  dear  and  of  a  light  ydk>w 
color.  The  excess  of  lead  is  next  removed  as  lead  sulfide,  after  saturating 
with  hydrogen  sulfide  gas.  It  will  be  found  that  the  filtrate  is  slightly 
add  and  is  colorless,  but  regains  its  yellow  tint  if  made  alkaline,  showing 
that  the  color  is  due  to  a  natural  indicator.  A  measurement  of  the  optical 
rotation  and  volume  of  the  solution  at  this  stage  will  indicate  thepresence 
of  about  80  g.  of  raffinose  (anhydrous  dgHasOie,  specific  rotation  [a]^  » 
+  123),  on  the  assumption  that  the  rotation  is  due  only  to  raffinose.  In 
support  of  this  assumption,  it  may  be  said  that  reducing  sugars  are  present 
only  in  traces  and  no  sugar  except  raffinose  has  so  far  been  detected. 
There  is  then  added  to  the  solution  about  0.2  g.  of  sodium  hydrosulfite^ 
to  prevent  devdopment  of  color  and  it  is  boiled  imder  reduced  pressure 
in  glass  to  a  syrup  of  about  25%  water  content,  which  should  have  no 
more  than  a  slight  yellowish  color. 

^  "American  Sugar  Industry,"  Sept.,  1910,  page  324. 

^  Prepared,  for  example,  according  to  the  directions  in  U.  S.  Dept.  Agr.,  Bur.  Chem., 
Bull.  107,  p.  40,  or  Browne,  "Handbook  of  Sugar  Analysis,"  p.  208. 

*  In  working  with  large  quantities,  it  would  probably  be  advantageous  to  use  a 
bag  filter. 

*  See  Browne,  "Handbook  of  Sugar  Analysis,"  p.  221. 
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It  has  proved  very  advantageous  at  this  stage  to  follow  a  modification 
of  the  procedure  of  Gunning^  in  the  preparation  of  barium  raffinosate. 
Barium  hydroxide  is  added  to  the  syrup  in  the  proportion  of  2  g.  of  the 
octahydrate  to  each  gram  of  raffinose  and  the  solution  is  completed  by 
wanning  to  not  over  80®  for  a  few  minutes,  fifteen  usually  being  sufficient. 
The  mixture  is  gradually  poured  into  one  and  a  half  times  its  volume  of 
anhydrous  methyl  alcohol'  contained  in  a  large  mortar,  and  the  barium 
raffinosate,  which  precipitates  as  a  granular  compound,  is  ground  to  a 
fine  powder,  filtered  off,  and  washed  with  methyl  alcohol.  Ethyl  alcohol 
(95%)  l^&s  been  successfully  used  in  place  of  methyl  for  the  precipitation 
of  this  compound  but  it  comes  down  more  quickly  and  cleanly  and  is  more 
readily  decomposed  later  if  methyl  alcohol  is  used.  The  barium  com- 
pound is  suspended  in  about  1500  cc.  of  distilled  water  and  decomposed 
by  the  gradual  addition  of  50%  phosphoric  acid  solution,  care  being  taken 
to  reach  exact  neutrality  at  the  end  of  the  process.  The  voluminous 
precipitate  of  barium  phosphate  is  filtered  off  with  suction  and  is  thor- 
oughly washed  until  the  filtrate  has  no  rotation.  The  solution  should  be 
of  a  light  yellowish  brown  color  at  this  stage.  Sinoe  the  barium  phosphate 
is  slightly  soluble,  it  has  been  found  necessary  to  precipitate  the  last  traces 
of  barium  with  sulfuric  acid  and  filter.  A  redetermination  of  the  volume 
and  optical  rotation  of  the  s(dutton  at  this  stage  will  show  the  extent  to 
which  the  raffinose  has  been  recovered  from  the  barium  compoimd.  With 
ordinary  precautions,  the  yield  is  95%  of  the  theoretical  but  yields  of 
9^-99%  are  not  unusual.  Fifty  grams  of  eponite^  are  mixed  with  the 
solution  and  the  latter  is  filtered  in  a  few  minutes,  since  little  advantage 
results  from  long  standing  or  heating.  The  filtrate  is  still  yellow  in  color, 
which,  however,  does  not  interfere  with  subsequent  crystallization.  The 
solution  is  next  boiled  in  vacuo  to  a  light  straw  colored  syrup  of  about 
20  to  25%  water  content  and  there  is  added  just  to  saturation  95%  ethyl 
alcohol,  containing  0.3%  nitric  add,  about  10  to  15  cc.  being  usually  re- 
quired. This  acidification  of  the  alcohol  has  proved  useful  for  the  purpose 
of  avoiding  high  ash  content  in  the  crystalline  raffinose..  The  mixture  is 
then  seeded  with  crystals  of  raffinose  hydrate  and  set  away  at  o^  to  crystal- 
lize over  night.  In  the  morning  the  solid  mass  of  crystals  is  ground  with 
75%  ethyl  alcohol  in  a  mortar,  filtered  off  ydth  suction,  and  washed  with 
the  same  strength  alcohol  tmtil  the  washings  are  colorless.  The  yield  is 
about  40  g.  of  colorless  raffinose  cr3rstals,  and  it  may  be  increased  10  g. 
by  working  over  the  mother  liquor  a  second  time  through  the  barium 
hydroxide  purification.    The  chief  impurity  in  this  raffinose  is  an  ash 

>  Bull,  de  r association  Beige  de  chim.,  4*  318  (1890). 

•  A  commercial  anhydrous  grade  which  may  be  purchased  for  about  eighty  cents 
per  gallon. 

*  A  recently  introduced  vegetable  carbon  of  high  purifying  power  which  may  be 
purchased  of  dealers  in  chemical  supplies. 
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content  of  0.5  to  1%  which  may  be  removed  by  recrystallization.  For 
this  purpose  a  50%  aqueous  solution  of  the  ciystals  is  pf^ared,  filtered, 
and  to  it  is  added  the  previously  mentioned  acidified  alcohol,  nearly  to 
cloudiness,  and  the  solution  stirred.  Crystallization  of  raffinose  hydrate 
is  rapid  at  room  temperature  and  the  crystals,  which  may  be  washed 
first  with  75%  and  later  with  95%  alcohol,  contain  less  than  ao5%  ash, 
give  a  specific  rotation  of  123.2^  (anhydrous  sugar)  in  10%  aqueous  solu- 
tion at  20"^,  and  the  yield  is  about  2.5%  of  the  weight  of  the  original 
meal.  A  further  crystallization  of  0.5%  of  equally  pure  raffinose  may 
be  obtained  by  cooling  the  mother  liquor  to  zero. 

BUKBAU   OP   ChSICXBTRY, 
DSPARTMSNT   OF   AOKICULTUSS, 

Wasrinoton.  D.  C 


[COKTRIBVTION  FROM  TBS  LABORATORY  OP  AGRICULTURAL  CbBMISTRY  OP  TBS  UNI- 
VERSITY OP  WlS(U>NSIN.  ] 

THE  OCCURRENCE  OF  METHYL  ALCOHOL  IN  CORN  SOCAGE. 

By  £.  B.  Hart  and  A.  R.  I^amb. 
Received  Auguit  4,  1914. 

In  191 2,  Hart  and  Willaman  published  a  paper  on  the  volatile  fatty- 
acids  and  alcohols  of  com  silage.*  Prom  the  data  secured  in  the  separation 
of  the  alcohols  by  the  Dticlaux  method,  it  Wa^  concluded  that  com  silage 
contains,  besides  ethyl  and  propyl  alcohols,  a  small  amount  61  methyl 
alcohol.  The  quantity  found  may  be  apptbximately  expressed  as  o.os% 
of  the  silage  mass,  or  about  20  g.  in  loo  pounds  of  silage. 

In  the  same  year  there  appeared  a  paper  by  Dox  and  Neidig,*  in  which 
the  main  conclusions  of  Hart  and  Willaman  were  substantiated,  but 
which  did  not  agree  on  the  presence  of  methyl  alcohol.  The  question  of 
the  occurrence  of  methyl  alcohol  in  com  silage  is  therefore  taken  up  in 
this  paper. 

Experimental  Patt« 

There  arc  numerous  methods  in  the  Hterature,  of  varying  degrees  of 
reliability,  for  the  detection  of  methyl  in  the  presence  of  ethyl  alcohol. 
Many  of  these  were  tested  with  various  known  mixtures  of  alcohols,  and 
only  those  which  appeared  always  to  be  tmstworthy  were  used.  Of  these, 
the  Trillat  test,*  and  the  resorcin  test,  as  modified  by  Scudder,*  seemed 
to  be  most  reliable.  The  galHc  acid  test,*  the  morphine  test,*  the  phenol 
test,^  the  Haigh  pMoroglucin  test,  which  is  discussed  by  Scudder,'  and 

*  This  Journal,  34,  1619  (1912). 

*  Research  Bull.  7,  Iowa  Expt.  Sta. 

*  Bull,  X07,  Bureau  of  Chem.,  p.  99. 

*  Tras  Journal,  27,  892. 

*  Ann.  de  Chim,  analyl.  appL,  4,  156  (1899). 

*  Hinkel,  Analyst,  33»  417. 

^  Leach,  "Food  Inspection  and  Analysis,"  2d  ed.,  p.  820. 

*  Loc.  ciL 
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the  Sangl^Perri^e-Cumiasse  test,  as  modified  by  Scudder  and  Riggs,^ 
were  used  as  confirmatory  tests.  A  number  of  the  most  trustworthy 
tests  for  methyl  alcohol  have  been  thoroughly  tried  out  by  Scudder,* 
and  his  conclusions  as  to  the  reliability  of  the  tests  and  proper  conditions 
for  their  use  have  been  substantiated  in  this  work.      * 

The  following  method  was  used  in  demonstrating  the  presence  of  methyl 
alcohol  in  normal  com  silage:  About  300-400  g.  of  silage  were  com- 
minuted in  a  food  grinder,  suspended  in  water,  and  distilled  with  steam. 
The  first  sample  was  distilled  at  atmospheric  pressure,  but  the  later  ones 
were  distilled  under  reduced  pressure  at  from  30-40  mm.,  to  eUminate  the 
possibility  of  chemical  changes  taking  place  at  the  higher  temperattu^. 
Only  about  one  liter  was  usually  distilled  over,  thus  getting  less  than 
half  of  the  volatile  adds  and  alcohols  in  the  distillate,  as  was  determined 
by  titrating  the  distillate  and  the  total  acidity,  and  comparing  with  the 
average  acidity  of  normal  silage,  as  determined  by  Hart  and  Willaman. 
The  distillate,  having  been  neutralized  with  NaOH,  was  redistilled,  also 
under  reduced  pressure,  to  liberate  the  alcohols,  and  the  distillate  con- 
taining the  alcohols  concentrated  by  repeated  distillation,  with  the  aid 
of  a  fractionating  column.  In  each  case,  the  samples  were  distilled,  and 
the  distillates  concentrated  uniformly,  so  that  the  results  of  the  tests  could 
be  compared.  In  one  case  a  water  extract  was  made,  by  grinding  up  a 
sample  of  about  400  g.,  triturating  in  a  mortar,  and  filtering  rapidly  on  a 
Biichner  funnel.  The  filtrate,  about  1.5  liters,  was  distilled  in  steam 
tmder  reduced  pressure,  neutralized,  and  redistilled  as  above.  Table  I 
shows  the  results  of  the  tests  made  on  each  sample. 

Table  I.--Rscord  of  Tests  for  Methyl  Alcohol  in  Normal  Corn  Silage. 


Temp,  of 

Reiorciii 

THflat 

Phenol 

GiJlic 

Haifh 

Mor- 

phine 

Sangtf. 

Sample. 

di«t. 

teit. 

test. 

test. 

test. 

test. 

test. 

Cumiatsc. 

I  Stave  silo. 

100  *» 

■f 

+ 

+ 

2  Stave  silo. 

35*^ 

(strong) 

3  Stave  silo. 

30« 

(strong) 

+ 

+ 

+ 

4  Stave    silo 

water  ex- 

tract  

28« 

+ 

(very 
strong) 

(strong) 

5  Concrete 

silo 

40^ 

(wry 
strong) 

+ 

+ 

+ 

•f 

+ 

The  presence  of  methyl  alcohol  in  normal  silage  having  been  established, 

»  This  Journal,  28,  i20t  (1906). 
»/Wd.,  37,892  (i90«). 
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an  attempt  was  made  to  determine  the  source  of  it.  F.  Ehrlich  has  shown^ 
that  certain  yeasts  have  the  power  of  fermenting  amino  adds  with  the 
formation  of  the  corresponding  alcohols,  as  in  the  following  equation: 

R.CHNHj.COOH  +  HjO  =  R.CH,OH  +  CO»  +  NH, 
He  has  further  shown  that  one  of  the  specific  sources  of  methyl  alcohol 
in  a  ptotein-carrying  fermentation  mixture  is  glycine,  as  shown  by  the 
following  equation: 

CH2NH2.COOH  +  HaO  =  CHsOH  +  CO,  +  NH, 
To  determine  whether  or  not  the  methyl  alcohol  in  normal  silage  has  its 
source  in  the  glycine  of  the  com  proteins,  a  number  of  water  cultures 
with  synthetic  media  were  set  up  and  inoculated  with  a  small  piece  of 
normal  silage,  obtained  under  antiseptic  conditions  from  the  large  con- 
crete silo  on  the  University  farm,  the  sample  being  taken  about  two  feet 
below  the  surface  of  the  silage.  A  typical  medium  was  composed  as 
follows: 

CaCOa I  g. 

K,HP04 ig. 

MgSO« o .  I  g. 

FeCU Trace 

NaCl Ti:ace 

Glucose 2  g. 

Glycine 2  g. 

Distilled  water i  liter 

The  object  of  this  method  of  inoculation  was  to  carry  into  the  cultures 
all  of  the  typical  silage  flora.  These  cultures  were  arranged,  according  to 
the  composition  of  the  media,  into  pairs,  each  pair  being  similar  in  composi- 
tion, except  that  one  contained  glycine  as  the  sole  sotu'ce  of  nitrogen,  and 
the  other  some  other  nitrogenous  substance.  All  contained  either  glucose 
or  a  tartrate  as  the  source  of  carbon,  except  cultures  I  and  II,  which  con- 
Tablb  II. — Tests  for  Mbthyl  Alcohol  in  Water  Cultures. 

Oallic  Sangl^. 

Reaorcin  Trlllftt  Phenol  acid  Peniere- 

Cultures.  test.  test.  test.  test.  Cumiasse. 

I.     Glycine +  4.  4.  4.  4. 

II.     Glycine + 

(strong) 

III.  Glycine +  — 

IV.  No  glycine —  — 

VII.     Glycine — 

VIII.     No  glycine No  growth 

IX.     Glycine +  4-  + 

X.    Glycine + 

(strong) 

XI.     No  glycine -|- 

(weak) 

XII.     Glycine 4.  4.  4. 

»  Wochschr.  Brau.,  30,  561;  Z.  angew.  Chem.,  27,  48  (1914). 
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tained  only  glycine  and  inorganic  salts.  Considerable  growth  and  forma- 
tion of  methyl  alcohol  was  obtained  even  in  these  two  cultures.  More- 
over, no  other  organic  substance  which  might  be  fermented  to  methyl 
alcohol  was  present.  After  being  allowed  to  stand  at  room  temperature 
for  three  or  four  weeks,  the  cultures  were  distilled  in  steam,  at  ordinal^ 
pressure,  and  the  distillates  concentrated  and  tested  for  methyl  alcohol. 
The  results,  which  are  shown  in  Table  II,  seem  to  indicate  the  possibility 
of  glycine  being  at  least  one  of  the  sources  of  the  methyl  alcohol. 

The  objection,  however,  may  be  justly  raised,  that  imder  different 
conditions  of  environment,  the  flora  of  the  silo  might  not  be  typically 
represented  in  these  cultures.  To  secture  more  definite  evidence,  silage 
was  made  in  the  laboratory,  in  sealed  jars,  using  com  which  had  been  grown 
to  maturity  in  the  greenhouse.  Jar  No.  i  contained  normal  silage, 
jar  No.  2  contained  normal  silage  to  which  a  solution  containing  2  g.  of 
glycine  had  been  added,  and  jar  No.  3  normal  silage  to  whidi  2  g.  of  glycine 
and  50  cc.  of  ether  had  been  added.  The  silage  in  these  jars  was  excellent, 
and  was  perfectly  normal  in  appearance,  odor^  taste,  and  acidity,  except 
that  in  jar  No.  3  the  ether  had  inhibited  the  action  of  organisms,  and  there 
was  much  less  acidity  developed.  Otherwise  the  silage  in  this  jar  had 
practically  the  same  appearance  and  odor  as  that  in  the  others,  after  the 
ether  had  been  allowed  to  evaporate.  During  the  ripening  of  the  silage, 
the  presstu'e  of  gas  was  relieved  at  intervals  by  opening  a  pinchcock. 
Considerably  less  gas  was  developed  in  jar  No.  3  than  in  the  others. 

At  the  end  of  about  six  weeks  samples  of  350  g..were  ground  and  dis- 
tilled as  in  the  case  of  the  normal  silage.  The  titer  of  volatile  and  fixed 
acid  was  practically  the  same,  in  jars  No.  i  and  No.  2,  the  total  acidity 
being  equivalent  to  about  225  cc.  of  o.i  N  alkali  per  100  g.  of  silage,  but 
the  total  acidity  in  jar  No.  3  was  only  about  one-third  as  great  as  in  the 
other  two.  The  alcohols  were  distilled  off,  concentrated  somewhat,  and 
the  tests  for  methyl  alcohol  applied,  with  the  results  as  shown  in  Table  III, 
Table  III. — Tests  for  Mbthyl  Alcohol  in  Experimental  Silage. 


Temp,  of  Resordn 

TriUat 

Phenol 

GaUic 

Haigh 

Morphine 

Sample. 

dist.  C.       test. 

test. 

test. 

acid. 

test. 

test. 

Normal  silage . 

(weak) 

(very 
weak) 

+ 

4- 

+ 

(very 

weak) 

Glycine  silage . 

..  40°         -f 

+ 

-f 

4- 

+ 

+ 

(very 

(strong) 

(strong) 

(strong) 

strong) 

Glydne-ethcr 

silage 

.40°        - 

— 

— 

— 

— 

From  the  data  shown,  it  is  evident  that  more  methyl  alcohol  was  formed 
in  the  silage  to  which  glycine  had  been  added,  which  fact  supports  the 
hypothesis  that  its  source  is  the  glycine.  In  these  two  jars,  the  experi- 
mental conditions  were  exactly  the  same  throughout,  except  the  addition 
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of  the  glycme,  and  the  consequent  increase  in  the  amount  of  methyl 
alcohol  formed.  The  difference  in  the  strength  of  the  tests,  as  indicated 
in  the  table,  was  very  pronounced.  The  fact  that  in  jar  No.  3,  the  silage 
¥^iich  rq)ened  in  the  presence  of  an  antiseptic  contained  no  trace  of  methyl 
alcohol,  even  though  a  similar  amount  of  glycine  had  been  added,  seems 
to  show  that  the  formation  of  this  alcohol  is  brought  about  by  some  organ- 
ism.   This  is  in  harmony  with  the  results  secured  from  the  water  cultures. 

Of  course,  at  this  stage  of  the  work,  we  can  point,  with  certainty,  only 
to  the  presence  of  an  iy>preciaUe  amotmt  of  methyl  alcohol  in  normal 
silage,  and  merely  indicate  the  probability  of  its  formation  by  the  hydrolysis 
of  glycine.  It  is  also  possible  that  other  substances  than  glycine  may 
fumi^  some  methyl  alcoh(d  in  the  presence  of  certain  organisms,  as  for 
example,  the  fermentation  of  glycerine  by  B.  Bodcopricus.^  Indeed,  the 
presence  of  methyl  alcohcd  in  fermentation  mixtures  is  not  new.  Wolffs 
found  it  present  in  the  distillate  from  fermented  fruits,  such  as  apples, 
dierries,  grapes,  and  plums.  Sangl^-Feni6re  and  Cumiasse^  found  it 
in  absinthe.  Takahashi^  discovered  methyl  alcohol  among  the  products 
produced  by  several  varieties  of  mycoderma  yeasts  in  fermenting  rice 
mixtures.  Evidently  a  number  of  different  species  of  micro6rganisnis 
possess  the  power  of  producing  methyl  alcohol  in  fermenting  mixtures. 

Summary. 

Normal  silage  is  shown  to  contain  small  amounts  of  methyl  alcohol. 
A  number  of  tests  were  made  on  the  distillates  from  several  samples  of 
silage,  the  tests  having  first  been  standardized  by  using  various  known 
mixtures  of  alcohols.  The  number  of  different  tests  used  precludes  the 
possibility  of  positive  reactions  being  given  by  some  other  substance 
than  methyl  alcohol. 

The  hypothesis  is  advanced  that  at  least  part  of  the  methyl  alcohol  is 
formed  by  the  action  of  microdrganisms  on  glycine.  All  work  done  thus 
far  with  water  cultures  and  experimental  silage  shows  results  which  sup- 
port that  hypothesis. 

Madison,  Wis. 


(Contribution  from  thb  Chbmical  Laboratory  of  the  Univbrsity  of  Wash- 
ington. ] 
THE  VOLATILB  SUBSTANCES  OF  URINE. 

By  William  M.  Dshn  axd  Peank  A.  Haktman. 
Received  July  18.  1914. 

Freshly  voided,  normal  urines  possess  low  vapor  pressures*  and  little 
odor,  thus  indicating  the  presence  of  only  traces  of  volatile  substances. 

'  Emmerling*  Ber.,  ap,  2726. 

*  Compi.  rend,,  131,  1323. 

^  Ann.  Mm.  analyst.,  8,  8a  (1903). 

<  Bull.  Coll.  Agr.  (Tokyo),  6,  387  (1905). 

•  Vide  infra. 
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After  standing,  all  urines  undergo  bacterial  changes/  develop  increased 
vapor  pressures  and  give  off  disagreeable  odors,  thus  indicating  decomposi- 
iions  of  complex  nonvolatile  molecules  contained  in  the  fresh  urines.  These 
decompositions  are  indicated  not  only  in  the  fermentation  of  urines,  but 
also  in  the  results  of  evaporation^  to  dryness  and  ignition.  The  latter 
operations  develop  from  the  nearly  odorless  fresh  urines  intolerably  nause- 
ating odors  which  evidently  were  not  present  in  the  originals.  Further- 
more, as  will  be  shown  below,  these  characteristic  odors  may  easily  be 
developed  by  the  hydrolytic  action  of  dilute  adds  and  alkalies.  Thus 
we  have  various  conditions  and  operations  intensifying  the  odors  of  urine, 
and  the  conclusion  is  inevitable  that  these  disagreeable  volatile  substances 
were  not  present  as  such  in  the  original  urines  but  were  produced  by  hydrolysis, 
reduction,  oxidation  or  splitting  of  complex  conjugated  compounds^  contained 
therein.  Such  odor-poducing,  conjugated  compounds,  except  in  cases 
of  urea,  phenol  and  indol,  have  not  been  described  in  the  literature;  at 
least  the  antecedents  of  some  of  the  odorous  compound  of  urine  seems  to 
have  been  overlooked  by  previous  investigators. 

Studies,  first  undertaken  three  years  ago  to  determine  these  odoriferous 
substances,  have  not  only  confirmed  the  view  that  numerous  hitherto 
known  volatile  substances  are  present  in  urine  but  also  have  developed 
the  view  that  no  small  number  of  hitherto  unknown  substances  also  are 
present.  Some  of  the  latter  have  now  been  studied  and  others  are  being 
investigated. 

Since  no  systematic  study  of  volatile  sitbstances  of  urine  has  been  made, 
it  is  purposed  to  make  such  studies  both  of  freshly  voided  urine  and  urines 
treated  with  bacteria,  acids  and  alkalies.  These  studies  are  undertaken 
to  determine: 

1 .  The  volatile  substances  of  urine. 

2.  The  cause  of  the  characteristic  odor  of  urine. 

3.  The  toxic  constituents  of  mine. 

4.  The    molecular   forms   of  isonjugated,   deodorized*    detoxified 
substances  of  urine. 

5.  The  influence  of  the  antecedents  of  such  compounds  on  me- 
tabolism. 

A  large  number  of  vcdatile  substaildes  contained  in  urines  have  been 
described  in  the  literature.    These  have  been  classified  as: 

1  This  Journal,  36, 410  (1914)- 

2  Van  Nuys,  "The  Chemical  Analysis  of  Healthy  and  Diseased  Urine,"  x8S8, 
p.  10:  "The  chemical  constitution  of  the  body  to  which  urine  owes  its  odor  is  not 
known.  It  volatilizes  very  slowly,  as  urine  does  not  lose  all  of  its  odor  by  boiling  or 
evaporation." 

*  Irong,  "Urine  Analysis,"  1900,  p.  13:  "Normal  urine  contains  traces  of  complex 
aromatic  bodies,  the  exact  nature  of  which  cannot  in  all  cases  be  given." 
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1.  Normal  physiological  constituents. 

2.  Casual  physiological  constituents. 

3.  Pathological  constituents. 

However,  since  these  run  one  into  the  other,  since  it  is  suflBdently  im- 
portant to  recognize  what  substances  can  be  eliminated  by  the  kidneys, 
and  since  our  method  of  study  is  based  on  chemical  differences,  the  follow- 
ing classification  of  volatile  substances  of  urine  is  made. 


TaBLB  I. — VOLATILB  SUBSTANCBS  OF  UrINB. 

Adds. 

Phenols. 

Normal. 

Abnormal. 

Normal. 

AbnormaL 

Carbonic 

Aceto-acetic 

Phenol 

Catechol 

Formic 

^-Hydroxybutyric 

p-Ciesoi 

Naphthol,  etc. 

Acetic 

Valeric 

Other  phenols 

Propionic 

Levulinic 

Butyric 

Crotonic 

Benzoic 

Phenylacetic 

Other  adds 

Bates. 

Neutral  substances. 

Normal. 

Abnormal. 

Normal. 

Abnormal. 

Ammonia 

Pyridine 

Oxygen 

Acetone 

Methylamine 

Trimetbylamine 

Nitrogen 

Ethyl  sulfide 

IndoP 

Benzylamine,  etc. 

Hjrdrogen  peroxide 

MetJiyl  mercaptan 

Skatol 

Urinol  hydrosttlfide 

Alcohol 

Other  compounds 

Terpenes,  etc. 

This  classification  does  not  assume  that  the  listed  substances  are  in- 
variably found  in  the  urine  or  that  when  eliminated  by  the  kidney  they 
are  found  in  the  urine  in  the  molecular  forms  indicated,  for  it  must  be 
remembered  that  usually  it  is  impossible  to  observe  when  tuiniferous 
substances  hydrolyze  or  split  into  their  more  simple  molecules. 

Furthermore,  no  claim  is  made  that  the  table  includes  all  of  the  volatile 
substances  hitherto  recognized.  It  merely  suffices  to  show  that  hitherto 
known  substances^  do  not  produce  all  the  urimferous  odors;  these  must  be 
sought  for  among  hitherto  undetected  substances. 

Other  substances  which  either  have  not  been  definitely  established* 
or  have  had  their  origin  from  foods  and  therapeutically  administered 
materials,  have  been  omitted  from  the  Ust. 

Add  Volatile  Subatances. 

When  the  odor  of  urine  is  mentioned  in  the  literature  it  is  vaguely  de- 

^  Thotigh  indol  is  a  weak  base,  in  the  method  of  separation  described  below,  it 
appears  among  the  neutral  substances. 

*  The  words  component  and  constituent  as  defined  by  some  authors  to  designate 
mixture  and  compound  cannot  be  applied  to  the  volatile  substances  of  urine  without 
ambiguity.  At  first  many  of  the  volatile  substances  are  conjugated  hence  may  be 
termed  constituents,  but  after  hydrolysis,  they  may  be  termed  components.  The 
less-limiting  word  substance  is  used  in  this  paper. 
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scribed  as  being  caused  by  volatile  adds.  Moreover,  the  usual  acidity 
of  urines  is  attributed,  at  least  partially,  to  various  organic  adds,  It  is 
well,  therefore,  to  note  what  adds  are  present  and  here  especially  to  con- 
sider what  adds  may  contribute  to  the  odor.  However,  as  will  be  M^own, 
none  of  the  listed  acids  possess  odors  likdy  to  be  mistaken  for  the  charac- 
teristic odor  of  urine.  Carbonic^  and  benzdc  adds  are  odorless.  The 
lower  fatty  acids^  occur  in  small  quantities  and,  except  under  rare  patho- 
logical conditions,  are  present  as  salts  or  in  conjugated  forms,  hence  are 
not  appredably  contributory  to  the  odor  of  urines.  It  must  be  added 
that,  in  fermenting  urines,  volatile  adds  are  increased  at  the  expense  of 
carbohydrates,*  present. 

The  occurrence  of  hydrogen  sulfide  has  been  observed  by  various  in- 
vestigators.^ Salkowski  considered  that  its  evolution  from  urine  is  to 
be  traced  to  the  action  of  bacteria  on  neutral  sulfur  compounds,  as  sul- 
fates or  thiosulfates.  Karplus^  also  observed  bacterial  formation  of 
hydrogen  sulfide  in  urines.  We  have  observed  that  all  urines  slowly 
give  off  hydrogen  sulfide  when  treated  with  cold,  dilute  phosphoric  dr  sul- 
furic add.  An  explanation  of  this  will  be  made  in  connection  with 
urinod.^ 

Acetoacetic  and  /S-hydroxybutyric  adds^  are  both  contributory  to  the 
pleasant  odor  of  diabetic  urines.  Levulinic,'  crotonic*  and  phenykcetic 
add  have  also  been  reported. 

1  Winter  and  Schmidt,  Centr.  physiol.,  l,  421;  Marchand,  /.  praki.  Chem.,  44^  250. 

*  For  summary  of  early  literature,  see  Jaksch,  Z.  physiol.  Chem.,  10,  536;  for 
other  literature  see  Dakin's  "Oxidation  and  Reductions  in  the  Animal  Body**  (Mono- 
graphs on  Biochemistry),  1910,  pp.  113-16;  see  also  Magnus,  Z.  Med.,  73,  428;  Mohiar, 
Z.  exp.  Path.,  7,  343;  Strisower,  Biochem.  Z.,  54,  189;  Thudichum,  /.  Chem.  Soc.,  23, 
400;  Pflfiger's,  Arch.  Physiol.,  15,  12;  Stadeler,  Ann.  chem.  Pharm.,  77,  17;  Tms 
Journal,  8,  86. 

'  Scdkowski,  Z.  physiol.  Chem.,  13,  264;  /.  Chem.  Soc.,  23,  400. 

*  Salkowski,  Berl.  klin.  Woch.,  25,  722;  Chem.  Zentr.,  1888,  147 1;  Porcher  and 
Havieux,  Compt.  rend.  sac.  biol,,  68,  27. 

*  Karplus,  Virchow's  Arch.,  131,  210;  see  also,  Sasaki  and  Otsuka,  Biochem.  Z., 
39.208. 

*  See  following  contribution. 

^  For  literature  on  these  acids  see  Dakin's  bibliography  quoted  above.  See  also 
Duchmfiller,  Sz3mianski  and  ToUens,  Ann.,  228,  92;  Minkowski,  Chem.  Zenir.,  1884^ 
406;  Wolpc,  Ibid.,  1887,  p.  277;  Stadelmann,  Z.  Biol.,  32,  456;  Klinger,  Ann.  Chem. 
Pharm.,  106,  18;  Neubauer,  Ibid.,  97,  129;  /.  Pharm.  chim.,  (3)  29,  320;  Araki,  Z. 
physiol.  Chem.,  18,  i;  Magnus,  Arch.  exp.  Path.  Pharm.,  42,  149;  Hilger,  Ann.,  195, 

314. 

*  Weinstraud,  Chem.  Zentr.,  1895,  p.  292. 

*  Stadelmann,  Z.  Biol.,  21,  140;  Salkowski,  Z.  physiol.  Chem.,  7,  450;  9,  8;  Araki, 
Ibid.,  x8,  I. 
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Phenolic  Volatile  Substances. 
'  A  large  number  of  simple  and  polyhydric  phenols^  and  their  derivatives 
may  appear  in  the  urine  conjugated  either  with  sulftnic  add  or  glucuronic 
acid.  For  our  study  here,  phenol  and  ^-cresol  are  the  most  important, 
since  they  are  odorous,  volatile  and  appear  in  the  largest  quantities,  as 
may  be  seen  in  the  following  experiment: 

One  thousand  liters  of  luine  were  treated  with  dilute  sulfuric  acid  and 
distilled;  the  distillate  gave,  by  methods  described  below,  phenols  of  the 
following  fractions: 

Grams.  B.  p. 


(i)   170°.  .  • about  1 .34  . 

(2)  170-200** 19. 13 

(3)  200-230** 8.12 

{4)  230-260° 0.67        Compare  with 

(5)  260-320**. . .  r 2.45 


phenol 183** 

^-cresol 202  * 

thymol 232** 

catechol 240** 

resorciiM^ 276** 

a-naphthol 282*^ 

Total,    31.71  [  ^-naphthol 288** 

It  need  only  be  observed  here  that  the  odors  of  phenols  do  not  give  the 
characteristic  odor  of  mine. 

Basic  Volatile  Substances. 

Ammonia'  is  the  most  important  base  positively  known  to  occur  in 
tuine.  During  the  hydrolysis  of  urea  in  fermenting  urines,  ammoniiun 
carbonate  is  formed  in  large  quantities — this  decomposes  into  free  ammonia 
which  almost  universally  has  been  mistaken  for  the  characteristic  odor- 
producing  substance  of  urine.  Although  ammonia  contributes  to  the 
disagreeable  odor  of  alkaline  urines,  such  contribution  is  only  secondary, 
as  may  be  easily  proven  by  the  experiment  of  heating  urines  with  dilute 
sulfuric  acid — this  retains  the  ammonia  but  liberates  the  uriniferous  odor. 

The  occurrence  in  urine  of  methylamine,'  trimethylamine*  and  other 

*  For  bibliography  of  phenols  see  Dakin's  Loc.  cit.,  1910,  p.  130;  Baumami,  Ber., 
9»  54»  1389.  1715.  1747;  10,  685;  II,  1907;  13,  2166;  Pfliiger's  Arch.,  12,  63,  69;  69,  285; 
Z.  physiol.  Chem.,  i,  60;  2,  335;  10,  123;  Monfet.  Compt.  rend.,  137,  386;  Salkowski, 
Ber.,  9,  1595;  10,  842;  Labby  and  Vitry,  Compt.  rend.  soc.  biol.,  62,  699.  For  quantities 
of  phenols  in  urines  see  Rumpf,  Z.  physiol.  Chem.,  16,  220;  Neuberg,  Ibid.,  38,  123; 
Mooser,  Ibid.,  63,  155.  For  naphthol  in  urine,  see  Edlefsen,  Chem.  Zentr.,  1905,  p. 
1341;  Desesqudle,  Compt.  rend.  soc.  biol.,  [9]  a,  loi.  For  catechol,  see  Baumann, 
Pflfiger's  Arch.  Physiol.,  i^,  63;  MoscateUi,  Virchow's  Arch.,  128,  i8i. 

'  Neubauer,  /.  prakt.  Chem.,  64,  177,  279;  Salkowski  and  Munk,  Virchow's  Arch., 
71,  500;  Rumpf,  Ibid.,  143,  i;  Salkowski,  Z.  physiol.  Chem.,  x,  26;  Gumlich,  Ibid.,  16, 
19;  Rumpf  and  Kleine,  Z.  Biol.,  39,  Jubelband,  65;  Camerer,  Ibid.,  43,  13;  Tidy,  Mey- 
mott  and  Woodman,  Proc.  Roy.  Soc,  20,  362;  Folin,  Am.  J.  Physiol.,  13,  45,  66;  Grafe 
and  Schlaffer,  Z.  physiol.  Chem.,  T7t  i ;  Wills  and  Hawk,  /.  Biol.  Chem.,  9,  30;  Boussin- 
gault,  Ann.  chim.  phys.,  [3]  29,  472;  Heintz,  /.  prakt.  Chem.,  64,  399;  Hallerwarden, 
Virchow's  Arch.,  143,  705. 

'  Schiffer,  Z.  physiol.  Chem.,  4,  237;  Erdmann,  /.  Biol.  Chem.,  9,  85;  Folin,  Ibid., 
3,  83;  Takeda,  Pfliiger's  Arch.,  129,  82;  Schmiedeberg,  Arch.  exp.  Path.  Pharm.,  8,  i. 

*  de  FiUippi,  Z.  physiol.  Chem.,  49,  433;  Erdmann,  /.  Biol.  Chem.,  8,  57;  9,  85; 
Dessaignes,  Compt.  rend.,  43,  670;  Takeda,  Pfliiger's  Archiv.,  129,  82. 
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aliphatic  amines  has  not  definitely  been  established.    Indol  and  skatol^ 
are  excreted  in  chemical  combination  with  sulfuric  or  ghicuronic  acids. 
Pyridine^  and  benzylamine*  have  been  reported  in  rare  cases. 
Neutral  Volatile  Substances. 

This  division,  including  urinod,  and  at  least  two  other  new  and  closely 
related  substances,  will  be  shown  to  contribute  the  most  important  volatile 
substances  of  urine. 

Oxygen,  nitrogen  and  hydrogen  peroxide,  possessing  no  odors,  are  un- 
important in  this  discussion. 

Acetone,^  one  of  the  most  important  and  most  investigated  substances 
of  pathological  urines,  contributes  to  the  aromatic  odor  of  diabetic  urines. 

Ethyl  alcohol^  sometimes  appears  in  the  urine  of  diabetics.  It  is  also 
of  interest  to  know  that  a  small  portion  of  the  alcohol  of  imbibed  beverages* 
is  eliminated  in  urine  either  in  the  free  or  the  combined  form. 

Other  neutral  volatile  substances  which  have  been  reported  as  present 
in  mine  under  special  conditions  are:  chloroform,^  iodoform,  ethyl  sulfide,^ 
methyl  mercaptan*  and  the  terpenes. 

From  the  foregoing  discussion  it  may  be  concluded  that  the  volatile 
substances  hitherto  Imown  to  be  present  in  urine  are  not  responsible  for 
its  characteristic  odor.  Though  some  of  these  are  contributory  to  it, 
the  following  experiments  will  show  that  the  newly  discovered  substance 
urinod}^  is  the  id  ipsum  of  the  odor  of  urine : 

^  For  voluminous  bibliographies  on  indol  and  skatol  see  Hanunarstein's  physiologi- 
cal chemistries.  A  regular  occurrence  of  indol  in  the  distillate  of  normal  urine  is  main- 
tained  by  Jaffe,  Arch.  exp.  Path.  Pharm.,  SuppL,  1908,  p.  299. 

*  Kutscher  and  Lohmann,  Z.  Nahr.  Genussm.,  13,  177. 

«  Schmiedebcrg,  Arch.  exp.  Path.  Pharm.,  8,  i;  14,  288,  306;  Mosso,  Ibid.,  26,  ^67. 

*  For  voluminous  bibliographies  on  acetone  sec  (a)  Huppert-Neubauer,  Ham-' 
Analyse,  10  Aufl.;  (6)  v.  Noorden's  Lehrb,  d.  Pathol,  des  Stcffwechsels,  Berlin,  1893;  (c} 
Daldn's  "Oxidations  and  Reductions  in  the  Animal  Body"  (Monographs  of  Bio- 
chemistry), 1912,  pp.  113-116;  also  see  Jaksch,  Z,  physiol.  Chem.,  6,  541;  Miiller,  Berl. 
kUn.  Woch.,  1887;  Chem.  Zentr.,  1907,  p.  366;  Jagerroos-BjSmeborg,  Arch.  Gyn.,  94, 
No.  2;  Piper,  Lancet,  185,  535,  602;  Wallace  and  Gillespie,  Practitioner,  84,  2;  Abram, 
/.  Path.  Baa,,  3,  420. 

*  Markownikoff,  Ann.,  182,  362;  Pohl,  Arch.  exp.  Path.  Pharm.,  31,  281;  VdlU, 
Baudrexel  and  Dietrich,  Arch.  ges.  physiol.,  145,  210;  Dupr^,  Proc.  Roy.  Soc.,  20,  268; 
B^champ,  Compt.  rend.,  75,  1830;  Maignon,  Ibid.,  140,  1063,  1124. 

*  Dupr4,  Proc.  Roy.  Soc.,  20,  268;  Vdltz  and  Baudrexel,  Arch.  ges.  Physiol.,  142, 
47;  I45»  210. 

'  Vitali,  UOrosi,  16,  299;  Nidoux,  /.  pharm.  chim.,  [6  J  24,  64. 

»  Neuberg  and  Grosser,  Chem.  Zentr.,  2,  835;  Abel,  Z.  physiol.  Chem.,  20,  253. 

*  Karplus,  Virchow's  Arch.,  131,  210.    *  ^ 
*•  Moor  described  a  substance  obtained  from  the  residue  of  urine  by  extracting  with 

alcohol.  He  called  it  ureine.  It  was  shown  by  Gies  and  Haskins  to  be  a  mixture 
containing  large  quantities  of  urochrome.  Moor,  Z.  Bid.,  44,  123;  45,  420;  Med. 
Record,  58,  336,  471;  -^  physiologiste  russe,  2,  128,  131;  Gies,  Med.  Record,  59,  329; 
TBis  Journal,  25,  1295  (1903);  Haskins,  Am.  J.  Physiol.,  12,  162.  It  probably  con- 
tained traces  of  urinod  hydrosulfide,  as  will  be  shown  below. 
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Ezperixnental  Part. 
Preliminary  studies  were  made  on  the  vapor  pressures  and  the  volatile 
acidities  of  normal  urine.    Our  important  experimental  results,  however, 
were  obtained  by  hydrolysis  and  distillation  of  urines  with  dilute  sulfuric 
acid. 

Vapor  Pressures  of  Normal  Urines. 

Vapor  pressure  determinations^  were  made  tmder  the  following  indicated 
conditions: 

Vapor  pressure  of 

Age.       Temper-     * * » 

Sample.  Hours.        ature.         Urine.       Water.     Difference.  Remarks. 

A I  24.0  12.2  22.2  10. o  Acid  reaction 

A 67  21.8  16.4  19.5  3.1  Acid  reaction 

A 120  73.0  19.3  20.9  1.6  Acid  reaction 

A 504  23.0  16.4  20.9  4.5  Containing  mold 

B 13  20.2  13.4  17.6  4.2  Add  reaction 

B 60  21.6  15.9  19.0  3.9  Alkaline  reaction 

C 0.1  20.5  16.6  18.0  1.4  Acid  reaction 

C. 3.2  21. 1  II. o  18.7  7.7  Acid  reaction 

C 24.0  20.3  10.8  17.7  6.9  Alkaline  reaction 

C 30.0  20.8  15.5  ii.4  2.9  Alkaline  reaction 

"It  is  observed  that  the  vapor  pressiu-es:  (i)  are  not  constant  throughout 
the  times  observed;  (2)  their  variations  are  not  large;  and  (3)  they  are 
lower  than  aqueous  pressures  at  the  same  temperature.  Since  many 
chemical  reactions  are  going  on  in  urine,  involving  fermentation,  hydrolysis, 
oxidation,  reduction,  etc.,  especially  developing  ammonium  carbonate 
from  urea  and  multiplying  the  oxygen-consuming  bacteria — it  is  to  be 
expected  that  disturbances  of  the  vapor  pressure  equiUbria  will  result 
shortly  after  the  tuine  is  voided,  and  will  continue  tmdl  all  fermentations 
cease.  Since  the  reaction  products  may  have  opposite  effects  upon  th€5 
original  vapor  pressure,  the  equiUbrium  may  not  be  disturbed  or  may  be 
disturbed  only  slightly,  therefore,  such  determinations  may  have  little 
or  no  value*  For  oiu-  purpose  they  show  that  no  large  quantity  of  easily- 
volatile  substances  is  present  in  normal  urine. 

VolatQe  Acidity  of  Urine. 

Since  the  odor  of  urine  is  often  judged  to  be  caused  by  **  volatile  aromatic 
acids"  it  was  considered  of  importance  to  measure  such  volatile  acidity. 
Air  was,  therefore,  drawn  through  a  series  of  bottles  supplied  with  Folin's 
aspiration  tubes.  The  first  bottles  contained  appropriate  solutions  for 
fixing  atmospheric  acids  and  bases;  next  followed  the  bottle  containing 
the  urine;  and  finally  the  bottle  containing  o,\  N  alkali.  Thus  the  acids, 
volatile  at  ordinary  temperature,  were  carried  over  into  the  alkali  and  the 
loss  of  alkalinity  was  measured. 

Fresh  urines  and  fermented  mines  were  tested  in  this  manner;  both  were 

»  For  method  employed  see  This  Journal,  29,  1052  (1907). 
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aspirated  directly  or  after  treating  with  dilute  sulfuric  acid  to  liberate  free 
adds  from  their  various  combinations. 

Volume 
Treated  Time  of    0.1  N        Calc.  as 
Volume      Kind  of  with     aeration.  NaOH.    benxoic  acid 

Sample.  urine.         urine.  HiSOi.     Hours.        Cc.     per  1,000.000. 

A 100        Fresh                    -f          36  0.14  17.08 

A 200    .    Fresh                    +           17  0.25  15.25 

B 100        Fresh                  (a)             9  0.14  17.08 

B 200        Fresh                  (6)             6  0.25  15 .  25 

C 2000        Frjesh                    -f           16  0.40  2.44 

D 1500        Fresh                    +          16  0.20  1.63 

E 2000        Fermented           4-          45  0.00  0.00 

(a)  Sample  (B)  was  collected  m  dilute  sulfuric  acid  and  was  permitted  to  stand'for 
2  mos.,  then  10  cc.  of  20%  sulfuric  acid  was  added  to  the  100  cc. 

(b)  Here  20  cc.  of  20%  sulfuric  acid  was  added. 

Since  benzoic  add  was  found  in  normal  urine  in  the  largest  quantities 
of  any  acid,  it  is  here  taken  as  the  basis  of  calculations.  Of  course,  when 
urines  are  treated  with  sulfuric  add  and  are  then  aspirated  or  distilled, 
hydrochloric  add  is  volatilized,  hence  the  above  concentrations,  as  indi- 
cating organic  volatile  addity,  are  too  large.  These  experiments,  however, 
show  that:  (i)  the  normal  addity  of  urines  is  not  largdy  due  to  volatile 
adds;  (2)  the  odor  of  urines  at  ordinary  temperature  cannot  be  caused  by 
numerous  aromatic  adds,  at  least,  it  cannot  be  caused  by  such  adds 
present  in  any  considerable  quantity. 

In  fact,  the  extremely  low  concentration  of  volatile  addity  may  be  caused 
almost  entirdy  by  hydrogen  sulfide;  this  will  be  shown  in  the  following 
experiments: 

The  Occurrence  of  Hydrogen  Sulfide  in  Urine. 

It  was  observed  that  all  urines  treated  with  dilute  sulfuric  acid  slowly 
evolved  hydrogen  sulfide.  It  became  necessary  to  determine:  (i)  whether 
such  hydrogen  sulfide  was  formed  from  the  added  sulfuric  add ;  (2)  whether 
the  presence  of  adds  accelerated  the  evolution  of  hydrogen  sulfide;  and 
(3)  whether  other  odors  were  devdoped  at  the  same  time.  Samples  of 
urine  were  treated  in  the  following  indicated  manner: 

Prmction  Volume  Effects  on  lead  acetate  paper  after 

of  aame    used.        Treated  ^ * » 

sample.     Cc.  with  3  hrs.  4  hrs.       ,     48  hrs.  1 1  days. 

A...     100    4  g.  H1PO4     edges  blackened    darker       very  dark       black 

B . . .     100    4  g.  H1SO4      edges  blackened    darker       very  dark       black 

C. . .     100        ...  edges  blackened 

Here  it  is  conduded:  (i)  the  hydrogen  sulfide  was  not  formed  by  reduc- 
tion of  the  sulfuric  add;  (2)  its  evolution  was  accderated  by  adds,  and 
(3)  the  untreated  sample  gave  off  Uttle  or  no  hydrogen  sulfide.  The  fur- 
ther observation  was  made  that  both  (A)  and  (B)  but  not  (C)  gave  off 
urinod-like  odors. 

From  these  and  other  observations  the  condusion  is  drawn  that  treat- 
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ment  of  urines  with  sulfuric  acids  3aelds  hydrogen  sulfide,  urinod,  a  dark 
brown  precipitate  and  other  reaction  products. 

Methods  Used  for  the  Isolation  of  Volatile  Substances. 
Two  methods  have  been  employed  by  us  to  obtain  volatile  substances 
in  urine: 

1.  Direct  extraction  of  luines  with  ether. 

2.  Extraction  of  distillates  of  urine  with  ether. 

Since  large  quantities  of  urine  and  ether  were  handled  in  both  cases, 
considerable  thought  and  labor  were  given  to  the  best  methods  of  ex- 
perimentation.   Three  methods  were  pursued: 

Method  /. — ^Three  carboys  each  holding  about  40  liters  were  arranged 
at  different  levels  (see  Fig.  i),  so  that  the  contents  of  the  topmost  one 
(A)  siphoned  into  the  middle  one  (B)  and  the  latter  into  the  lowest  one  (C). 

The  purposes  of  this  apparatus  were 
these:  (i)  to  extract  large  quantities  of 
urine  or  its  distillates  automcdically  by 
making  use  of  gravity;  (2)  to  avoid  loss 
of  ether  attending  the  handling  in  oi>en 
vessels;  and  (3)  to  avoid  danger  of  fire  ia 
working  with  large  quantities  of  ether. 

A  sufficient  quantity  of  ether  (&)  is 
drawn  into  (B)  through  (6),  by  dosing 
(3),  (4)  and  (8)  and  drawing  through  de- 
tached (9).  Withscrew-clamp(i)opened» 
bottles  of  urine  or  distillate  are  inverted 
in  funnel  (2)  and  are  permitted  to  empty^ 
into  carboy  (A).  When  the  latter  is 
nearly  full,  screw  clamps  {3),  (6)  and  (8) 
are  closed  and  urine  or  distillate  is 
siphoned  to  (4)  by  drawing  at  detached 
(9) .  A  steady  stream  of  urine  or  distillate 
spurts  through  the  finely  drawn  nozzle 
(5)  and,  with  proper  adjustment,  break 
to  a  fine  spray  when  striki^ig  the  surface  of  the  ether.  With  {9)  reattached, 
(3)  opened  and  (i),  (6)  and  (8)  and  stopcock  (2)  closed,  carboy  (A)  will 
empty  into  (B)  and  if  siphon  (7)  is  filled  by  drawing  at  (7)  carboy  (B) 
may  simultaneously  deUver  into  (C).  Hence,  without  any  attention  or 
danger  of  loss,  the  apparatus  may  be  set  in  operation  during  the  day  and 
be  permitted  to  run  all  night.  Since  sediment  from  (A)  may  dog  the  nozzle 
(5),  the  siphon  of  (A)  should  not  dip  too  deeply,  nor  should  this  siphon 
be  opened  before  the  sediments  have  had  time  to  settle.  Of  coiu-se, 
when  such  dogging  results,  tube  (5)  may  be  detached  and  deaned. 

When  the  ether  layer  (b)  becomes  much  reduced,  it  may  be  drawn  ofif 


Fig.  I. 
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and  fresh  ether  may  be  added,  or  better,  more  and  more  ether  may  be 
added  when  necessary,  without  removing  any  of  the  layer  present. 

The  extracted  liquor  from  (B)  and  (C)  may  be  drawn  off  at  (6)  and  (8), 
most  advantageously  when  (A)  is  refilling  at  (2).    This  lower  aqueous 
layer  contains  large  quantities  of  dissolved  ether,  hence  should  be  distilled 
to  recover  the  same.    This  may  conveniently  be  effected  by  running  the 
liquor  directly  into  the  vessel  used  as  a  still  or  the  liquor  may  be  preserved 
for  distillation  in  bottles.    The  distillation  was  most  conveniently  carried 
on  with  a  battery  of  flasks  such  as  used  for  Kjddahl  digestions.    The 
tubes  from  the  different  condensers  were 
connected  so  that  one  tube  only  delivered 
into  the  receiver  and  this  was  surrounded 
by  flowing  tap- water  and  carried  a  retirni 
condenser.    The  ether  distillates  contain- 
ing water  were  assembled  and  returned 
to  carboy  (B). 

Method  //.—This,  like  Method  I,  is 
safe  and  ether-saving.  It  is  semiauto- 
matic, prevents  disagreeable  odors  being 
liberated  in  the  laboratory  but  is  not  so 
rapid  as  Method  III. 

The  apparatus  (see  Fig.  2)  consists  of 
bottles  (A)  delivering  mine  by  siphons 
(i)  through  jets* (5)  into  the  large  bottle 
(B),  which  carries  two  return  condensers, 
one  of  which  (E)  opens  to  the  air  by  a 
capillary  tube  (3)  at  the  top  to  accommo- 
date changes  of  pressure  in  (B).  The 
urine  having  passed  through  the  ether 
layer  (6)  is  siphoned  into  flask  (C) ;  here 
the  dissolved  ether  is  distilled  back  into 
the  extraction  bottle  (B).  The  waste 
material    is    then    withdrawn    through  p. 

siphon    (8).    After    a    number    of    ex- 
tractions, the  ether  (6)  is  siphoned  from  (B)  to  (D)  where  it  is  concen- 
trated, the  ether  retiuning  to  (B)  through  the  condenser  (F). 

All  siphons  are  filled  by  drawing  with  the  suction  pump  and  are  controlled 
by  screw  clamps.  The  effectiveness  of  the  extraction  depends  upon  the 
size  and  force  of  the  stream  striking  the  ether  layer. 

Method  III. — ^This  method,  though  most  wasteful  of  ether,  was  fotmd 
to  be  rapid  and  convenient.  The  distiUates  from  the  urine  were  placed 
in  ordinary  2.5  liter  acid  bottles,  whose  stoppers  and  necks  had  carefully 
been  freed  from  paraffin.    The  bottles  ordinarily  were  filled  about  four- 
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fifths  with  distillates  and  nearly  to  the  neck  with  ether.  The  bottles, 
tightly  cork  stoppered,  were  shaken  vigorously  from  time  to  time  and 
finally  were  set  aside,  or  were  permitted  to  stand  mitil  the  mixture  settled 
in  sharply  defined  layers.  These  layers  were  separated  by  one  of  three 
methods :  (i)  one  or  two  bottles  were  emptied  into  a  large  separating  funnel 
and  the  two  layers  were  drawn  off  in  the  usual  manner;  (2)  a  siphon  was 
used  to  draw  off  the  aqueous  layer  from  each  bottle;  (3)  the  contents  of 
many  bottles  were  poured  into  a  carboy  and  the  two  settled  layers  were 
separated  by  the  siphon. 

The  aqueous  part  was  distilled  to  recover  dissolved  ether  and  this  ether 
was  used  for  the  other  extractions.  In  all  cases  the  hot  residual  aqueous 
solutions  gave  ofif  uriniferous  odors,  showing  that  the  extraction  of  volatile 
substances  was  not  complete  with  a  single  extraction. 

Collection  and  Chemical  Treatment  of  the  Urine. 

The  collection  of  urine  was  managed  so  that  it  was  treated  either  di- 
rectly with  sulfinic  acid,  or  within  a  few  hours,  thus  avoiding  fermentation.^ 
Concentrated  sulfuric  acid  was  diluted  with  one  volume  of  water,  and 
100  cc.  of  this  solution  were  placed  in  each  2.5  liter  add  bottle.  Then 
funnels  were  placed  in  the  nedcs  of  the  bottles  for  direct  collection  or  the 
bottles  were  filled  from  large  flasks  or  bottles  containing  fresh  urine.  Thus 
the  urines  were  treated  almost  immediately  with  3-4%  of  sulfuric  add^ 
enough  to  unite  with  all  of  the  reactive  constituents  of  urine,  and  to  yidd 
a  definite  though  weak  hydrolyzing  medium. 

The  bottles  thus  filled  were  set  aside,  preferably  in  a  warm,  dark,  place 
for  a  number  of  days.  During  this  time  the  color  of  the  solution  becomes 
chocolate-brown  or  brown-black,  a  brown  predpitate  is  formed,  and  charac- 
teristic uriniferous  odors  are  developed.  If  moist  lead  acetate  paper  is 
held  in  the  vapors  of  these  bottles,  blackening  results,  showing  invariably 
the  presence'  of  hydrogen  sulfide.' 

Since  urines  extracted  directly  gave  only  small  quantities  of  volatile 
substances,  it  was  found  that  some  hydrolytic  treatment,  as  with  sulfuric 
add,  was  not  only  productive  of  but  necessary  for  the  evolution  of  the 
desired  volatile  substances. 

Three  lines  of  study  were  followed — ^the  urines  were: 
(i)  Extracted  directly  with  ether. 

(2)  Digested  with  dilute  sulfuric  add  and  then  were  subjected  to 
distillation — ^practically  to  dryness. 

(3)  Permitted  to  ferment  and  then  were  subjected  to  distillation. 
The  first  method  was  nearly  unproductive  of  volatile  substances — show- 
ing that  these  are  largdy  formed  by  fermentation,  hydrolysis,  etc.,  from 

^  Fermented  urin^  give  little  urinod  and  much  indol  in  the  "neutral"  portion. 
*  See  following  contribution  for  further  evidence  that  hydrogen  sulfide  is  found 
in  all  mines. 
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conjugated  compounds.  The  treatment  with  dilute  sulfuric  add,  distilla- 
tion, and  extraction  with  ether  was  found  to  be  a  very  satisfactory  method 
for  the  isolation  of  volatile  substances  of  urine.  The  third  method  was 
unsatisfactory  for  the  production  of  volatile  substances  of  mine. 

The  Distillation  of  Urines. 

The  urine,  treated  with  sulfuric  acid  and  permitted  to  stand  many  days, 
was  decanted  into  round-bottomed  flasks  connected  by  Hopkins'  bulbs 
to  ordinary  condensers.  These  flasks  rested  on  tripods  covered  with 
sand  baths,  wire  gauzes,  or  wire  gauzes  supplied  with  circular-hole  asbestos 
shields. 

With  fermented  urines,  foaming-over,  necessitating  redistillation,  was 
a  source  of  much  trouble,  until  the  volume  was  reduced  to  about  one- 
third.  Such  difficulty  was  not  met  with  in  case  of  acid-treated  urines. 
Since  the  distillation  was  continued  practically  to  dr3mess,  trouble  from 
bumping  was  experienced  after  some  two-thirds  of  the  volume  was  ob- 
tained as  distillate.  When  the  bumping  stage  was  reached,  the  concen- 
trated urines  were  cooled,  assembled  and  permitted  to  stand  so  as  to  pre- 
cipitate the  sediments  which  were  usually  dark  brown  in  color.  The  urine 
was  then  siphoned  off  and  the  distillation  was  continued.  This  process 
was  repeated  until  the  urines  were  so  concentrated  that  they  solidified 
almost  completely  on  standing.  The  liquid  part  of  this,  however,  was 
filtered  off  and  distilled  further. 

The  first  distillate  contained  traces  of  floating  oil,  which  tended  to 
cling  to  the  wall  of  the  receivers.  It  possessed  the  characteristic  urine 
odor  and  exercised  nauseating  and  depressing  effects  upon  the  worker. 
The  middle  fractions  seemed  to  yield  less  oil  and  possessed  a  modified 
odor  suggestive  somewhat  of  creosote.  The  final  fractions  contained 
some  light  yellow  solid  ^  and  possessed  a  putrid  odor  mixed  with  the  odor 
of  sulfur  dioxide.  Throughout  the  distillation  the  odors,  at  different 
times,  resembled  tuine,  old  peanuts  and  most  varieties  of  intestinal  gas. 

Treatment  of  the  Ether  Extracts. 

After  concentrating  by  distilling,  the  ether  solutions  were  repeatedly 
and  successively  treated  with  aqueous  solutions  of  (A)  sodium  carbonate, 
(B)  sodium  hydroxide,  and  (C)  hydrochloric  acid.  The  residual  ether 
solution  was  distilled  first  directly  to  remove  the  excess  of  ether  and  finally 
with  steam  to  separate  (D),  the  very  volatile,  from  (E),  the  less  volatile 
neutral  substances.  In  this  manner  were  obtained  fractions  containing: 
(A)  volatile  acids,  (B)  volatile  phenols,  (C)  volatile  bases,  (D)  urinod,  etc., 
(E)  urinod  hydrosulfide,  etc. 

To  illustrate  the  complexity  and  variety  of  the  volatile  substances  of 
urine,  the  boiling  points  of  these  fractions  are  given: 

^  See  page  2134. 
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(A)  Up  to  260**  mostly  at  220-260**. 

(B)  up  to  320**  mostly  at  170-200**. 

(C)  up  to  100**. 

(D)  up  to  170**  at  29  mm.  mostly  at  108®  29  mm. 

(E)  above  170**  at  29  mm. 

(A)  The  Volatile  Acids  of  Urine. 

From  125  liters  of  urine,  the  aqueous  solution  in  sodium  carbonate  (A) 
gave  with  an  excess  of  dilute  hydrochloric  add: 

(a)  A  copious  precipitate  of  white  crystals   (mostly  benzoic  acid). 

(6)  An  aqueous  acid-containing  solution. 

(a)  The  Solid  Insoluble  Volatile  Acids. — ^After  filtering  and  drying  9.8  g. 
of  crystals  were  obtained  or  one  part  in  12,700  parts  of  urine.  This  solid 
contained  at  least  three  substances,  viz,,  benzoic  acid,  a  putrid  add,  and 
dark  odorous  substances  insoluble  in  ammonia.  The  melting  point  of 
the  mixtiwe  was  117®  (benzoic  acid,  121**). 

(6)  Soluble  Volatile  Acids. — ^These  were  separated  from  the  aqueous 
solution  by  extraction  with  ether.  After  evaporating  the  ether,  an  oily 
residue  was  obtained ;  it  was  dissolved  in  an  excess  of  dilute  alkaU  and  then 
filtered  through  paper  moistened  with  water.  The  alkali  solution  was. 
treated  with  hydrochloric  add  and  extracted  with  ether.  The  ether  solu- 
tion was  dried  with  fused  caldum  chloride  and  distilled.  The  following 
fractions  were  taken: 

(a)  Ptom  125  liters.  (h)  ^tom  the  last  third^  of  1000  liters. 

Fraction.  B.  p.  Weight.  Fraction.  B.  p.       Weight. 

(l) 50*  0.02  (l) 90"  0.50 

(2) 50-80"  0.50  (2) 90-120®       0.62 

(3) 80-120**         0.50  (3) 120-220**       3.6» 

(4) 120-220**  ?  (4) 220-245**       7.84 

(5) 220-255**  ?  (5) 245**  3.24 

(6) 255-270**     (m.  p.  47*^)  

(7) 270**  Total 15.82 

Fractions  i  and  2  gave,  with  ammoniacal  silver  nitrate,  a.  black  pre- 
dpitate  of  silver  indicating  formic  acid.*  All  the  fractions  with  neutral 
ferric  chloride  gave  reddening  and  predpitates  of  basic  ferric  salts,  thus 
indicating  the  presence  of  fatty  adds  or  merely  weak  volatile  adds.  Frac- 
tions bdow  120*^  gave,  with  alcohol  and  hydrogen  chloride,  a  heavy  oil 
but  no  perceptible  odor  of  ethyl  acetate.  Fractions  above  220^  solidified 
to  white,  soapy  crystals  of  a  peculiar  fetid  odor.  These  were  identified 
as  largdy  benzoic  acid,  as  containing  members  of  the  fatty  series  of  adds 
and  possibly  as  containing  hexahydrobenzoic  or  some  dosdy  related  add. 
Some  of  the  fractions  boiling  above  220^  were  dissolved  in  ammonia, 

*  Unfortunately,  the  acids  from  the  first  two-thirds  of  the  distillate  from  the  1000 
liters  were  lost. 

•  Strisower,  Biochem.  Z.,  54,  189;  C.  il.,  8,  174. 
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filtered  and  boUed  with  an  excess  of  sUver  nitrate  and  the  precipitated 
silver  salts  were  extracted  with  successive  portions  of  hot  water;  thus 
there  were  obtained,  on  cooling,  the  following  fractions : 

I.  II.  III.  IV. 

Weights  taken 0.1144  0.1355  0.1048  0.4069 

Found,  Ag 45*63  46.86  47.04  46.94 

Calculated  for  CHBCOOAg,  47  12;  C«HnCOOAg,  4591;  CJIuCOOAg,  45.52. 

These  data  indicate  that:  (i)  the  original  mixtiu-e  of  solid  acids  consists 
of  benzoic  acid  largely;  (2)  the  other  acid  or  acids  have  greater  molecular 
complexity  than  benzoic  acid. 

Prom  some  of  the  7.84  g.  of  solid  acids  obtained  from  the  1000  liters 
of  urine,  silver  salts  were  prepared  in  diflPerent  fractions  and  thoroughly 
washed  with  water.  After  decomposing  the  respective  fractions  with  an 
excess  of  hydrochloric  acid,  the  acids  were  extracted  with  ether  and  then 
were  isolated  in  the  usual  maimer. 

Fractions.                        Crirstals.  M.  p.  Remarks, 

(i)        Transparent  fl^es 124®    Melted  sharply. 

(2)  Transparent  flakes 106 '^    Remelted  at   II9^   optically  in- 

active. 

(3)  Compact  crystalline  mass 105  ^    Sublimed  to  plates  and  needles. 

(4)  Compact  crystalline  mass 122  ^ 

(5)  Compact  crystalline  mass 121  ®    Sublimate  melted  at  122  **. 

Since  none  of  these  fractions  gave  precipitates  with  bromine  water,  they 
contained  no  salicylic  or  other  hydroxy  acids.  These  experiments  con- 
firmed the  conclusion  that  the  solid  volatile  acids  of  urine  consist  largely 
of  benzoic  acid.  The  putrid-smelling,  low-melting  add  was  suspected 
to  be  hexahydrobenzoic  add.^ 

Some  of  the  fraction  boiling  between  220-250**  and  freed  from  benzoic 
add  as  much  as  possible  by  crystallizing  from  hot  water,  was  extracted 
with  ether,  brought  into  water  and  treated  with  an  excess  of  silver  oxide. 
The  hot  aqueous  solution  was  filtered  and  the  first  crop  of  crystals  was 
•discarded,  for  silver  benzoate  is  less  soluble  than  silver  hexahydrobenzoate.' 
The  second  crop  separated  as  white  flakes. 

0.1732  and  0.1103  g.  gave  0.0794  and  0.0508  g.  Ag;  Calc.  for  C«HuCOOAg:  Ag, 
45.91%;  Calc.  for  C^HftCOOAg:  Ag,  4712%;  found:  4584  and  4605%. 

^  This  acid  was  first  prepared  by.  Aschan  and  is  described  as  forming  colorless 
leaflets  melting  at  30 '^  and  boiling  at  232-233^.  It  is  sparingly  soluble  in  cold  water 
and  readily  soluble  in  hot  water.  It  is  more  easily  volatile  with  steam  than  benzoic 
acid  and  possesses  an  odor  resembling  valeric  acid  and  ethyl  crotonic  acid.  Aschan, 
Ber.,  34,  1864,  2617;  35,  886;  Ann.,  371,  261;  Markownikoff,  Ber.,  35,  370,  3357; 
Haworth  and  Perkin,  /.  Chem.  Soc.,  65,  103;  Bucherer,  Ber.,  37,  1231;  Einhom  and 
Meyenberg,  Ber.,  37,  2829;  Einhom  and  Lumsden,  Ann.,  386,  264;  Sabatier  and  Murat, 
Campi.  rend.,  154,  922;  Godchot,  BuU.  soc.  chim.,  9,  261. 

■  Bucherer,  Ber.,  37,  1231. 
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Some  of  the  silver  salt  was  heated  in  a  sealed  tube  with  an  excess  of 
ethyl  bromide;  the  ethyl  ester ^  boiled  up  to  195°. 

Though  apparently  the  presence  of  hexahydrobenzoic  is  indicated  the 
evidence  is  not  conclusive.  For  instance,  when  the  free  acid  was  separated 
from  the  silver  salt,  it  did  not  solidify  at  ordinary  temperattu^s.  It 
contained  no  sulfur  and  no  nitrogen.  It  responded  to  the  ferric  chloride 
test.  It  did  not  react  with  a  chloroform  solution  of  bromine.  It  did 
not  react  with  a  sodium  carbonate  solution  of  potassium  permanganate. 
Small,  white  needles  of  its  lead  salt,  melting  at  40^,  contained  42.34% 
Pb;  lead  benzoate  melts  at  114**  and  contains  46.10%  Pb;  lead  hexahydro- 
benzoate  contains  44.89%  Pb;  lead  heptylate  contains  44.49%  Pb;  lead 
caprylate  melts  at  84°  and  contains  41.98%  Pb. 

The  fraction  boiling  at  120-220**  (last  third  of  1000  liters)  was  refrac- 
tionated  and  converted  into  silver  salts. 

Sihrer  salts  contained  %  Ag. 
Fraction.  Boiling.  Pint  crop.  I«a9t  crop. 

(1) 120-160*'  51 -94  56.45 

(2) 160-190**  51   70  51.67 

(3).. 160-220®  47.00  46.46 

Calc  for  C«H„COOAg:  Ag,  4552%;   C»H»COOAg:  Ag.  4838%;  C4HsCOOAg: 
Ag,  51.63%;  CHrCOOAg:  Ag,  55.34%. 

These  boiling  points  and  analyses  indicate  the  presence  of  butyric  add 
in  (i),  the  presence  of  valeric  add  in  (2),  and  the  presence  of  caproic  anci 
heptylic  adds,  and  possibly  hexahydrobenzoic  add  in  (3). 

The  above  experiments  show  that  the  volatile  acids  of  urine  consist 
mostly  of  benzoic  add  and  fatty  adds  up  to  and  induding  caproic  add» 
probably  heptylic  and  possibly  hexahydrobenzoic  or  some  dosdy  rdated 
acid. 

From  200  liters  of  fermented  mine,  0.53  g.  of  volatile  adds  wete  separated. 
Since  most  of  this  solidified  to  needles  of  benzoic  add,  it  is  seen  that  fer- 
mentation is  nonproductive  of  volatile  acids  of  urine. 

Since  benzoic  add  is  the  most  voluminous  volatile  add  of  hydrolyzed 
urine  but  is  not  detected  in  normally  acidic  urines  subjected  to  direct 
extraction  with  ether,  it  is  conduded  that  all  the  benzoic  add  of  urine  is 
conjugated  as  hippiuic  acid. 

(B)  Volatile  Phenols  of  Urine. 
The  aqueous  alkaUne  solution  (see  above)  was  addified  with  hydro- 
chloric acid  and  extracted  with  ether.     After  drying  with  anhydrous 
sodium  sulfate,  it  was  fractionated  as  follows: 

*  Aschan  gives  195**  as  the  boiling  point  of  ethyl  heiahydrobenzoate,  Ann.,  271^ 
264. 
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I. 
125  liters 
(HtS04). 

(a)  first  Vi 

II. 
1000  liters  (HtSO«). 
;     (6)  last  »/•;        (c)  total. 

III. 
200Utef« 
(fermented). 

(I)... 

I70» 

0.00 

1. 00 

0.34 

1-34 

0.02 

(2)... 

170-200® 

0.95 

17-32 

1. 81 

19.13 

4.23 

(3)... 

200-230" 

0.39 

6.38 

I   74 

8.12 

0.58 

(4)... 

230-260" 

0.20 

0.20 

0.47 

0.67 

0.33 

(5)... 

260-320" 

0.80 

1.29 

1. 16 

2.45 

1. 00 

2.34  26.19'  5  52  31  71  6.16 

It  will  be  observed  tl^at  phenols  occur  about  ji  parts  in  a  million  of  urine. 
All  the  lower  distillates  gave  turbidity  with  bromine  water,  thus  indicating 
the  presence  of  phenols.  Some  tarry  residue  remained  in  the  distilling 
flasks,  this  indicating  decomposed  higher  phenols.  The  third  fraction, 
when  treated  with  an  excess  of  bromine  and  boiled,  gave  an  oil  which  solidi- 
fied on  cooling.  When  treated  with  alcohol,  golden  flakes,  softening  at 
264**  and  melting  at  280**,  were  obtained.  It  has  not  been  identified. 
It  and  the  other  phenolic  compounds  will  be  studied  further. 
(C)  Volatile  Bases  of  Urine. 
Only  a  little  basic  volatile  substance  is  given  off  when  urines  are  distilled 
with  sulfuric  acid.  Of  course,  this  is  formed  by  the  hydrolysis  of  sulfates. 
Since  the  distillates  of  such  urines  are  acid,  the  bases  remain  in  the  ether- 
extracted,  aqueous  portion  as  salts  of  hydrochloric  acid,  etc.  No  effprt 
was  made  to  recover  such  bases  from  distillates  after  extracting  with  ether. 
However,  in  the  preparation  of  neutral  fractions  of  the  volatile  substances 
of  mine,  the  ether  solution  was  always  washed  with  dilute  hydrochloric 
add  to  remove  bases  possibly  present. 

(a)  An  effort  was  made  to  obtain  volatile  bases  from  urine.  Forty 
liters  of  urine,  collected  over  suflBicient  potassium  hydroxide  to  maintain 
a  strong  alkaline  reaction,  was  extracted  twice  with  ether  after  the  phos- 
phates had  been  removed.  The  ether  from  both  the  extracted  material 
and  the  aqueous  portion  was  distilled  over  dilute  hydrochloric  add  to 
collect  low-boiling  bases.  Evaporation  of  this  aqueous  solution  gave 
2.38  g.  of  hydrochloride.  After  extracting  the  residue  with  absolute 
alcohol,  an  insoluble  portion  was  obtained.  It  formed  a  platinum  salt 
containing  43. 15%  Pt;  calculated  for  (NH4)2PtCl«,  43.96%  Pt.  The  portion 
soluble  in  absolute  alcohol  (0.091  g.)  yielded  a  platinum  salt  containing 
41.17%  Pt;  calculated  for  (CHjNH3)2PtCl«,  41.32%  Pt.  This  experi- 
ment shows  that  methylamine  is  present  in  alkali-treated  unfermented  urine 
only  about  one  part  in  a  million  of  urine. 

(b)  Fourteen  Hters  of  urine  were  allowed  to  ferment  one  month.  After 
freeing  from  earthy  phosphates,  it  was  extracted  twice  with  ether.  The 
ether  was  distilled  into  receivers  containing  hydrochloric  add;  some 
ammonium  carbonate  and  rectangular  crystals  of  a  musty  odor  formed 
in  the  condenser.     From  3.259  g.  of  the  hydrochlorides,  o.ioS  g.  of  alcohol- 
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soluble  crystals  were  obtained.  Its  platinum  salt  contained  41.26% 
Pt;  calculated  for  (CH3NH8)2PtCl2,  41.32%  Ft.  This  experiment  shows 
that  methylamine  is  present  in  alkali-treated  fermented  urine  one  part  in 
100,000  or  ten  times  as  much  as  in  case  of  the  unfermented  urine, 

(c)  From  200  liters  of  fermented  urine,  0.15  g.  of  bases  was  obtained; 
here  no  effort  was  made  to  obtain  low-boiling  bases.  The  residue  solidified 
largely  on  cooling  and  possessed  the  odor  of  indol. 

(d)  From  1000  Uters  of  add-treated  mine  0.5  g.  of  bases  was  obtained. 

{D)  Volatile  Neutral  Substances  of  Urine. 

The  ether  solution  from  the  original  distillates  of  mine,  after  concen- 
trating and  treating  with  acids  and  alkalies,  was  fiu-ther  concentrated  and 
distilled  with  steam.  In  this  manner  easily  volatile  substances  were 
removed  from  diflScultly  volatile  substances  contained  in  the  original 
distillate  and  from  parafiin  and  other  impurities  introduced  dining  the 
course  of  the  experiments. 

The  steam  distillation  gave  at  least  five  different  substances,  viz.,  sulfur 
and  urinod  hydrosulfide  in  the  residual  liquor,  and  a  low-boiling  thio- 
compound,  luinod,  and  a  high  boiling  compound  in  the  steam  distillate. 
The  latter  distillate  also  contained  some  sulfur.  The  presence  of  sulfur 
was  observed  at  various  stages  of  the  distillation  of  the  lu-ine.  It  col- 
lected as  a  light  yellow  solid  in  the  distillate  and  the  condenser,  especially 
during  the  final  distillations.  It  melted  at  114.5-115®  and  by  the  Carius 
method  gave  100%  S.  Since  sulfur  itself  is  not  volatile  with  steam,  its 
formation  must  result  from  decomposition  of  hydrogen  sulfide  or  from  some 
other  sulfur-containing  compound.  Since  acids  were  removed  by  previous 
treatment  with  alkalies,  hydrogen  sulfide^  cannot  be  present  as  such  in 
the  neutral  fraction;  hence  it  must  be  formed  by  decomposition  of  some 
neutral  complex  substance. 

The  residue  from  the  steam-distillation  was  light  brown  in  color,  was 
easily  soluble  in  alcohol  but  diflScultly  soluble  in  water.  When  warmed 
with  acids  it  slowly  gave  off  the  odor  of  urinod  and  hydrogen  sulfide.  It 
was  obtained  in  larger  quantity  from  40  liters  by  direct  extraction  than 
from  1000  liters  by  distillation.  If  it  is  urinod  hydrogen  sulfide,  this  latter 
result  is  to  be  expected.  Since  it  has  not  been  freed  from  impurities  its 
further  investigation  will  be  postponed.  Should  it  prove  to  be  urinod 
hydrogen  sulfide  it  will  account  not  only  for  the  sulf lu*  and  hydrogen  sulfide 
obtained  but  also  for  the  conjugated  form  of  urinod. 

After  the  neutral  fractions  were  distilled  with  steam,  they  were  ex- 
tracted with  ether.  This  ether  solution  was  dried  with  calcium  chloride 
and  shaken  in  a  separating  funnel  with  metallic  mercury  to  remove  sulfur. 
The  ether  solution  was  concentrated  and  finally  distilled  in  vacuo. 

The  first  distillate  up  to  about  100  ^^  at  30  mm.  always  contained  oil, 
»  See  "The  Occurrence  of  Hydrogen  Sulfide,"  p.  2125. 
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with  an  allyl  mustard  oil  or  ethyl  xanthate  odor.  Since  about  0.5  g.  of 
it  has  been  obtained  it  will  be  further  investigated.  The  middle  fraction 
contained  the  urinod,  which  will  be  described  in  the  following  paper. 
The  final  fraction  contained  an  oil  boiling  at  170°  with  29  mm.  pressure. 
The  final  fraction  did  not  react  with  semicarbazide. 

The  3deld  of  neutral  substances  from  urine  directly  extracted  with 

ether  was  practically  nil.    The  jdeld  from  fermented  urines  was  2^44  g. 

from  200  Uters;  about  equal  quantities  of  urinod  and  indol  were  obtained. 

The  yield  from  sulfuric  acid-treated  urines  was  9  g.  from  1000  liters. 

(E)  Residues  from  Urine. 

When  mines  were  distilled  with  dilute  sulfuric  acid  in  the  manner  de- 
scribed above,  two  residues  were  obtained:  (i)  a  chocolate-brown  pre- 
cipitate was  formed  when  the  urines  were  concentrated  and  (2)  a  salt-like 
residue  was  formed  when  the  urines  were  evaporated  to  dryness. 

The  first,  ^  containing  chromophoric  substances,  is  a  mixttu-e  of  adds, 
such  as  mic,  benzoic,  etc.,  for  it  is  completely  soluble  in  alkalies  and  is 
reprecipitated  by  adds.  After  long  standing  at  ordinary  temperatiwes, 
an  envdoping  sublimate  of  pure  crystals  of  benzoic  add  was  observed. 

The  brown  portion  of  the  mixture  has  not  been  investigated.  Ap- 
parently its  formation  is  contemporaneous  with  the  formation  of  urinod. 
If  the  latter  proves  not  to  be  combined  with  hydrogen  sulfide  in  fresh 
urine,  it  may  possibly  be  combined  with  the  chromophoric  substance. 

The  second  residue,  obtained  by  evaporating  urines  and  consisting  largdy 
of  sodium  sulfate,  was  redissolved  in  water,  treated  with  dilute  sulfuric 
add  and  extracted  foiu*  times  with  ether.  After  concentrating  the  ether 
solution,  needle-like  crystals,  mdting  at  183^  and  identified  as  hippuric 
add,  were  obtained.  Since  no  other  substance  could  be  obtained  from 
the  ether,  it  is  conduded  that  ether  extracts  from  urine  only  volatile 
substances  and  hippuric  add. 

Summary. 

(i)  A  review  of  hitherto  known  volatile  substances  of  urine  shows 
that  they  are  not  responsible  for  its  characteristic  odor.  Some  of  these» 
as  ammonia,  indol  and  possibly  the  phenols,  contribute  to  the  composite 
nattu-e  of  the  odor.  • 

(2)  Fresh  and  fermented  urines  possess  lower  vapor  pressures  than 
water. 

(3)  At  ordinary  temperatures  the  volatile  addity  of  urine  is  very  minute. 

(4)  Direct  extraction  of  urine  with  ether  yields  only  a  little  volatile 
substance. 

(5)  Distillation  of  urines  with  dilute' sulfuric  add  yields  the  largest 

'  Edlefsen,  Miinch.  med.  Wochsch.,  45,  1615,  2524,  mentions  a  precipitate  of 
creatinine  when  urines  are  treated  with  sulfuric  acid.  See  also  This  Journal,  36,  415 
(1914)- 
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quantities  of  volatile  substances.    These  distillates  were  extracted  with 
ether,  concentrated  and  distilled. 

(6)  The  volatile  substances  were  separated  into  four  major  fractions: 
(a)  acids,  (6)  phenols,  (c)  bases,  and  (d)  neutral  substances. 

(7)  The  four  fractions  distil  over  a  wide  range  of  temperatures,  hence, 
they  are,  respectively,  mixtures  of  many  substances. 

(8)  The  principal  volatile  add  was  foimd  to  be  benzoic  add  (formed 
by  hydrolysis  of  hippuric  add);  hydrogen  sulfide,  the  fatty  adds  up  to 
heptylic  add,  and  possibly  hexahydrabenzoic  add. 

(9)  The  principal  phenols  are  phenol  and  p-cresol;  other  higher  phenols 
occur  in  notable  quantities. 

(10)  Methylamine  and  indol  occur  as  a  trace  in  fresh  urines  and  in 
larger  quantities  in  fermented  tuines. 

(11)  The  neutral  substances  of  urine  are  the  most  important  contribu- 
tors to  the  odor  of  urine.  Urinod  and  at  least  three  other  new  substances 
were  indicated. 

SSATTirS,  Wash. 


[Contributions  from  thb  Chsmical  Laboratory  of  thb  University  of  Wash- 
ington. ] 
URINOD,  THE   CAUSE  OF  THE  CHARACTERISTIC   ODOR  OP 

URINE. 

Br  WnLiAM  M.  DsHN  AND  Pkank  a.  Harivan. 
Received  July  18.  1914. 

Though  many  references  are  made  in  the  literature  and  text-books^ 
to  the  characteristic  odor  of  normal  urine,  the  direct  association  of  this 
odor  with  chemical  compounds  is  loosely  made  only  to  ammonia  and  to 
several  volatile  acids.^  The  odor  of  fresh  urine  is  described  -as  not  un- 
pleasant, while  the  offensive  odor  of  fermented  urine  is  described  as  am- 
moniacal.  Apparently,  the  substance  that  imparts  to  all  urines  the  char- 
acteristic odor  has  been  overlooked  by  previous  investigators.  This  sub- 
stance we  have  isolated  and  analysed;  its  formula  is  CeHgO  and  we  have 
given  to  it  the  name  urinod.^ 

^  Black,  "The  Urine  in  Health  and  Disease/'  1896,  p.  25:    ''In  the  normal  condi- 
tion fr^  urine  has  a  peculiar  aromatic  odor.     The  smell  of  urine  is  said  to  be  due 

to  the  presence  of  phenylic,  taurylic  and  demoluric  adds when  it  has  undergone 

decomposition  in  the  bladder  it  exhales  an  ammoniacal  odor  and  sometimes  gives  off 
sulftu-etted  hydrogen;"  Menninger,  "Diagnosis  of  the  Urine,"  1900,  p.  17:  "The  odor 
is  sharp  and  slightly  aromatic,  and  its  cause  is  at  present  unknown;"  Long,  "Urine 
Analysis,"  xgoo,  p.  13:  "The  odor  of  urine  is  not  easily  described,  as  in  health  it  is  nd 
generis  and  characteristic;"  Holland,  "The  Urine,"  1904,  p.  18:  "Putrid  urine  has 
the  odor  of  ammonia  modified;"  l^son,  "Practical  Examination  of  Urine,"  1903, 
p.  33:  "The  characteristic  odor  of  urine. . .  .is  putrescent  and  ammoniacal,  the  former 
(resulting)  from  decomposition  of  mucus." 

•  Salkowski,  Z.  physiol.  Chem.,  13,  264  (1889). 

*  Latin,  urina,  urine;  odor,  smell. 
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If  a  quantity  of  urine  is  treated  with  sulfuric  add  in  the  proportions 
of  100  to  3  and  the  mixture  is  permitted  to  stand  for  some  days  and  is 
then  distilled,  oily  films  may  be  seen  on  the  siufaces  of  the  distillates 
and,  after  using  the  same  receivers  for  many  distillates,  the  inner  sur- 
faces may  be  seen  to  be  coated  more  or  less  with  oil.  This  oil  is  largely 
urinod.  In  this  form,  its  odor,  though  very  disagreeable  and  character- 
istic of  luinod,  is  mixed  with  other  odor-imparting  substances.  To  ob* 
tain  it  pure  in  quantities  suBGicient  for  analysis,  many  liters  are  necessary; 
1000  liters  were  distilled  and  700  liters  of  distillate  were  taken — this  ulti- 
mately yielded  5.18  g.  of  nearly  piu'e  tuinod.  Of  course,  some  was  lost 
during  the  handling,  acidulation,  distillation,  ether  extraction,  concen- 
tration, treatment  with  acids  and  alkalies,  distillation  with  steam,  re- 
extraction,  dr3dng,  and  distillation  in  vacuo.  Prom  data  at  hand,  it  is 
estimated  that  urinod  occurs  to  the  extent  of  only  1-2  parts  in  100,000 
parts^  of  urine.  For  the  reason  that  its  occiurence  in  urine  is  so  small, 
its  presence  has  not  previously  been  recognized.  At  least,  no  method 
for  its  separation  has  previously  been  worked  out.  Even  now,  after  three 
years  of  systematic  search  and  laborious  experiments,  its  separation  is 
effected  only  with  great  difficulties. 

Preparation  of  Urinod. 

As  was  described  in  detail  in  the  previous  paper,  the  separation  of  the 
neutral  volatile  substances  containing  urinod  consisted  of  the  following 
outlined  operations:  The  urine  was  treated  with  dilute  sulfuric  acid 
so  .as  to  make  about  3%  concentration  of  acid.  The  mixture  was  per- 
mitted to  stand  a  number  of  days.  The  urine,  now  darkly  colored  and 
giving  off  unpleasant  odors,  was  distilled  and  the  distillates  were  extracted 
with  ether.  After  washing  with  aqueous  solutions  of  sodium  carbonate, 
sodium  hydroxide  and  hydrochloric  acid  to  remove  acids,  phenols  and 
bases,  the  ether  solution,  containing  neutral  substances,  was  concentrated 
to  a  small  voltune  and  then  was  subjected  to  steam  distillation.  The  dis- 
tillate was  extracted  with  ether  and  the  ether  solution  was  shaken  with 
metallic  mercury,  to  remove  sulfur,  etc.  The  ether  solution,  alwajrs 
yellow  or  brown  at  this  stage,  was  dried  and  further  concentrated  and 
fractionated  in  vacuo. 

From  1000  liters  of  urine  the  following  pure^  fractions  were  ob- 
tained: 

'  In  an  earlier  experiment,  not  making  use  of  all  the  refinements  of  the  above 
method,  125  liters  of  urine  were  distilled  and  fractions  were  taken  as  follows:  (A)  the 
first  50  liters,  (B)  the  second  50  liters,  and  (C)  the  remaining  distillate.  The  ether  ex- 
tracts from  these  distillates  were  concentrated  and  treated  with  anhydrous  potassium 
carbonate,  which  of  course  removed  acids  but  not  phenols.  To  (C)  was  added  the 
tarry  residues  from  the  distillations  (A)  and  (B) ;  the  ether  solution  of  (C)  was  then 
treated  with  sodium  carbonate  to  remove  acids,  and  with  potassium  hydroxide  to  re- 
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Prom  the  first  700  liters  of  cUstiUate.  Prom  the  remainder  of  the  distillate. 

Grams.        /.  p.  Grams.  U  p. 

(i) 1. 31  108®  30-29  mm.  (i) 1. 1867  100"  31  mm. 

(2) 2.21  108-113®        29mm.  (2) 0.5181  100-120'  31  mm. 

(3) 1.66  113-128'        29  mm.  (3) 0.9575  120-140®  30  mm> 

(4) 0.2767  140-160' 29  mm. 

Total —  5.18  (5) 1. 02 16  160-175' 29  mm. 


Total 3.9606 

Fraction  2  was  used  most  largely  for  analysis,  though  Fraction  ^ 
gave  quite  concordant  data. 

Calculated  for  CeHgO:  C,  7501;  H,  8.33;  O.  16.66 

Found:  C,  7508;  H,  8.19;  O,  16.73 

Found:  C,  75.01;  H,  8.08;  O,  16.91 

Found:  C,  74.95;  H,  8.26;  O,  16.79 

Average,     C,  7501;  H,  8.18;  O,  16.81 
Calculated  molecular  weight :  96 .  06 

(With  McCoy's  apparatus,  boiling  point  method) : 

Found  (with  ether  as  the  solvent) :  94 .  90  95  •  20 

Foimd  (with  benzene  as  the  solvent) :  97 .  90 

Since  the  most  refined  methods  failed  to  show  the  presence  of  other 
elements,  the  empirical  formula  is  established  as  CeHgO. 

The  boiling  point  of  urinod  is  108®  at  28  mm.  Its  boiling  point  is  esti- 
mated to  be  about  208**  at  ordinary  pressure;  however,  it  cannot  be  dis- 

move  phenols.    After  drying  with  calcium  chloride,  the  ether  solution  was  concentrated. 

and  distilled  in  vclcuo. 

Distillate. 

A 


Cuon 

.     Weight. 

Temperatiire. 

PtesMire. 

Color. 

I 

0.1767 

105-108" 

32-26 

2 

0.6097 

110-IIO.5* 

25-24 

YeUow 

I 

0.1208 

III" 

28 

2 

0.4594 

102-108" 

28 

I 

? 

lo6-ii8* 

32-31 

2 

? 

124-130" 

30 

3 

0.2489 

148-174' 

30 

4 

0.6205 

179-210" 

30 

Total 2 .2356 

Here  phenols,  sulfur  and  probably  paraffin  contaminated  the  urinod.  Analyses  of 
these  impure  fractions,  especially  of  A-2,  showed  approach  to  the  percentages  of  com- 
position  of  urinod: 

Calculated  for  CeHaO:  C,  75.01;  H,  8.33;  O.  16.66. 

Found:  C,  69.25,  72.40,  ^l.y>»  69.19,  71.81,  69.13. 

Found:  H,  8.33,  8.06,  8.01,  8.01,  8.07,  8.27. 

Found:  N,       7- 15.  13. 06,  18.00. 

Found:  S,  1.61  (333°  in  Carius  tube) 

The  nitrogen  indicated  was  found  to  be  largely  carbon  monoxide — urinod  decomposing 
with  almost  explosive  violence.  The  trace  of  sulfur  was  probably  owing  to  free  sulfur. 
Some  of  these  fractions  yielded  free  iodine  when  treated  with  nitric  acid;  this  was 
probably  distilled  from  iodides  contained  in  the  urine. 


Digitized  by  VjOOQIC 


URINOD.  2139 

tilled  at  ordinary  pressure  without  decomposition.  Urinod  does  not 
solidify  in  an  ordinary  freezing  mixture.  It  is  a  light  yellow  oil,  slightly 
heavier  than  water.  It  is  soluble  in  ordinary  organic  solvents,  but  is 
insoluble  in  water.  It  is  very  volatile  with  steam.  It  has  a  very  pene- 
trating, persistent,  nauseating  odor  of  urine.  A  drop'  of  urinod  placed 
upon  filter  paper  retained  its  odor  after  fifteen  months.  It  is  very  toxic, 
jas  will  be  shown  in  a  following  paper. 

Urinod  darkens  rapidly  in  direct  sunlight,  reduces  potassium  perman- 
ganate and  ammoniacal  silver  nitrate  in  the  cold,  reacts  with  Millon's 
reagent,  but  not  with  Fehling's  reagent  or  an  alkaline  solution  of  picric 
acid.  With  fixed  alkalies  the  odor  of  urinod  is  changed  to  a  terpene-like 
<xior. 

Derivatives  of  Urinod. 

Nitro  Derivatives, — Urinod  reacts  with  concentrated  nitric  acid  with 
•explosive  violence;  with  dilute  nitric  acid  its  disagreeable  odor  is  quickly 
destroyed.  Apparatus  containing  traces  of  urinod  may  be  freed  from  the 
«ame  by  mere  washing  with  nitric  add. 

For  the  preparation  of  nitro  derivatives,  cold,  dilute  nitric  acid  is  added 
to  the  luinod  and  the  mixture  is  permitted  to  stand  for  a  day.  Needles  or 
brown  sticky  masses  are  obtained.  After  drying  on  a  clay  plate  and  re- 
crystallization  from  hot  water,  golden  needles  melting  at  78®  were  ob- 
tained. 

Calc.  for  CeHeNjO*:  C,  38.71;  H,  3.22;  found;  C.  3901;  H,  3.90. 

The  diniiro  urinod  is  easily  soluble  in  ether,  benzene  and  chloroform, 
less  soluble  in  water  and  carbon  disulfide.  When  first  formed  it  was 
probably  mixed  with  an  oily  manonitro  urinod. 

With  Semicarbaeide, — ^A  mixture  of  equimolecular  quantities  of  urinod, 
semicarbazide  hydrochloride,  and  sodium  acetate  in  a  water-alcohol  solu- 
tion was  heated  for  several  hours  under  a  return  condenser.  Gradually, 
a  granular  precipitate  formed.  From  i .  i  g.  of  urinod  (Fractions  1-3), 
0.4  g.  of  the  precipitate  was  obtained.  The  aystals  were  insoluble  in  all 
organic  solvents,  practically  insoluble  in  water,  but  soluble  in  alkali, 
from  which  hydrochloric  add  slowly  predpitated  thin,  hexagonal  leaflets 
melting  at  254^.  The  hot  alkali  solution  gave  off  ammonia,  indicating 
decomposition. 

Calculated  for  Found. 

aHuOiNt.       CiHtfOiNt.  I.  n.  IIL 

C 25.11  24.84  24.67  24.50       24.07 

H 5  79  6.77  5.97  5.64           6.43 

0 25.12  24.87 

N 43.98  43.52  45.69  46.10 

Too  little  evidence  is  at  hand  to  judge  of  the  nattu-e  of  this  compound 
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except  that:  (i)  it  represents  a  split  portion  of  urinod;*  (2)  it  is  a  compter 
acidic  compound. 

With  Hydroxylamine. — ^When  an  equimolecular  mixture  of  urinod,  hy-^ 
droxylamine  hydrochloride,  and  sodium  acetate  in  alcohol-water  solution, 
was  permitted  to  stand,  or  was  heated  to  100  ^^  in  a  sealed  tube,  only  an  oiT 
of  a  modified  not  unpleasant  odor,  which  did  not  solidify  in  a  freezings 
mixture,  was  obtained. 

With  Bromine, — ^When  tuinod  was  treated  either  with  bromine  water 
or  with  bromine  contained  in  carbon*  tetrachloride,  hydrobromic  acid 
and  a  dark-colored  sticky  mass  were  obtained.  This  mass  was  nearly  odor- 
less and  consisted  of  at  least  two  compounds:  (i)  a  solid  soluble  in  chloro- 
form  and  ether  but  insoluble  in  absolute  alcohol  and  melting  at  about 
1 10^;  (2)  a  solid  soluble  in  chloroform,  insoluble  in  ether  and  not  melting 
at  250®.  Owing  to  the  small  quantities  on  hand  these  bromo-deriva- 
tives  were  not  studied  further. 

The  remarkable  chemical  properties  of  tuinod  are  shown  not  only  in 
the  vigor  of  reaction  with  various  reagents  but  also  in  their  almost  uni- 
versal formation  of  secondary  reaction  products.  For  instance,  with  bro- 
mine, two  or  more  substances  are  obtained;  with  hydroxylamine,  no  ays- 
tallizable  oxime;*  with  phenylhydrazine,  no  crystallizable  hydrazone;  with 
semicarbazide,  an  anomalous  compound;  with  nitric  acid,  an  oil  and  a. 
small  yield  of  the  dinitro  derivative;  all  these  chemical  properties  argue 
for  an  exceptional  formula  for  urinod. 

The  Constitution  of  Urinod. 

The  formulas*  agreeing  with  the  properties  of  urinod  thus  far  studied 
are  as  follows: 

H,  H, 

M     II  I  W     I  I 

HCv       yC  =  0  HjCn.       yC  =  0 

H,  H, 

(3-Cyclohexane  ion)  ("Tetrahydro-semiquinone") 

^  Since  Fraction  4  of  the  urinod  distillates  did  not  yield  this  compound,  but  alf 
the  lower  fractions  did,  it  is  evident  that  the  crystalline  compound  is  a  product  of 
urinod. 

*  For  peculiar  reaction  of  2-cyclohexene-i-on  with  hydroxylamine,  see  Kotz  and 
Grethe,  /.  prakt.  Chem.,  80,  473.  They  obtained  an  oxime  melting  at  75-76**  and 
3<hydrooxyaminocyclohexanonoxime  melting  at  49-51°.  For  oxidizing  influences  of 
hydroxylamine,  see  /.  prakL  Chem.,  [2]  39,  497;  Ber.,  19,  305;  30,  614;  39,  2080. 

CHi— CH, 

I 
'  Pentamethylene  keten  is  also  a  possible  formula.    CHs 

I 
CHr-C  =  CO 
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(i)  Urinod  is  insoluble  in  hot  dilute  solutions  of  hydrochloric  and  sul- 
furic adds,  hence  it  cannot  contain  a  basic  (or  alcohol-oxygen  or  ether- 
oxygen)  group. 

(2)  Urinod  is  insoluble  in  dilute  solutions  of  alkalies,  hence  it  cannot 
contain  an  acidic  or  phenolic  group. 

(3)  Urinod  is  optically  inactive,  hence,  if  not  a  racemic  mixttu'e,  it  can- 
not contain  an  asymmetrical  carbon  atom. 

(4)  Urinod  reacts  with  bromine  contained  in  carbon  tetrabromide, 
giving  a  strong  evolution  of  hydrogen  bromide  and  a  soUd  bromo-deriva- 
tive;  hence  it  is  a  cyclic  compound. 

(5)  Urinod  reacts  with  cold,  dilute  nitric  acid,  giving  golden 
needles  of  dinitro-urinod,  melting  at  78**  and  possessing  the  formula 
CeHeNsOsi  hence  it  is  a  cyclic  compound. 

(6)  Urinod  reacts  with  semicarba&ide.  Forming  a  compound  melting 
at  254^,  hence  it  is  a  ketone  or  an  aldehyde, 

(7)^  Urinod  reacts  with  hydroxylamine,  phenylhydrazine  and  hydrogen 
sulfide,  forming  derivatives  not  possessing  the  characteristic  odor  of 
urinod.  These  compounds,  though  not  purified  and  analyzed,  indicate 
the  presence  of  the  carbonyl  group  in  urinod. 

(8)  Urinod  is  easily  oxidized  by  ammoniacal  silver  nitrate,  also  by 
aqueous  solutions  of  potassium  permanganate,  thus  indicating  dose  rela- 
tion with  hydrobenzene  derivatives. 

Elnown  compounds  possessing  the  same  empirical  formula  as  urinod 
but  not  agreeing  with  it  in  properties  are  the  ethyl  and  dimethyl  furanes,^ 
acetyldimethylacetylene'  and  the  following: 

CH  -  C— CH,  CHr-CH                                     /^^^ 

I  I     .                            HiCX          ^H 

(c)  HiC  (d)              C— CHO              (e)       \                 \ 

I  II        •                        H,Cy        yC«0 

CHr-C=0  CHr-CH                                       ^C^ 

H, 

(2  -Methyl-2  -cydopentcnc- 1  -on) »  ( i  -Cydopentene- 1  -aldehyde)  *     (2-Cydohexene- 1  -  on) 

2-Cydohexene-i-on,*  with  which  urinod  is  asstuned  to  be  isomeric, 
also  the  homologs  of  the  former,  differ  widely  from  luinod  in  properties: 

*  Priebs,  Ber.,  18,  1362;  Dietrich  and  Paal,  Ber.,  ao,  1085;  Fisher  and  Laycock, 
Ber.,  33,  103;  Laycock,  Chem.  News,  78,  224;  Nasini  and  Carrara,  Gaze.  chim.  ital.,  34, 
278. 

*  Griner,  Ann.  chim,  phys.,  [6]  36,  369.  This  compound  boils  at  149-150^  and 
possesses  the  formula  CHjCOCHj.CiC.CH,. 

» Looft,  Ann.,  275,  372;  Ber.,  37,  1538;  Bouveault,  Compt.  rend.,  135,  1184.  This 
compoimd  boils  at  157°  and  possesses  a  sharp  aromatic  odor. 

*Kekul6,  Ann.,  i6a,  105;  Baeyer  and  H.  v.  Leibig.  Ber.,  31,  2107.  This  com- 
pound boils  at  172^,  possesses  the  odor  of  benzaldehyde  and  is  quite  soluble  in  water. 
Its  semicarbazone  melts  at  208**. 

»  Kdtz  and  06Xz,  Ann.,  358,  183;  Kotz  and  Grethe,  /.  prakt.  Chem.,  80,  473;  K6tz, 
Blendermann,  Mahnert  and  Rosenbusch,  400,  72;  Tshugaer,  J.  prakt.  Chem.,  81,  188. 
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B.  pt.  M.  p.  semicmrbasone. 

(a)  3-Cyclohexene-i-oii  (urinod) io8**  at  29  mm.  254** 

(e)  2-Cyclohexene-i-on 63°  at  14  mm.  161  ** 

3-Metliyl-2-cyclohexene-i-on 81-85  **  at  13  mm. 

3,6-Dimethyl-2-cyclohexene-i-on 75®  at  19  mm. 

2,3-Dimethyl-2-cyclohexene-i-on 119"  at  J2  mm.  225 ** 

The  2-cyclohexene-i-on  possesses  many  properties  of  a  phenol,  indeed 
it  is  supposed  to  possess  the  tautomeric  from  of  i,5-dihydrophenol;* 
this,  like  phenol,  tetrahydrophenol,*  and  hexahydrophenol,'  but  unlike 
urinod,  is  soluble  in  water  as  well  as  in  alkalies.  Thus,  since  all  these 
compoimds,  as  well  as  the  dihydrophenols,  are  eliminated  from  the  dis- 
cussion of  the  constitution  of  luinod,  only  formulas  (a)  and  (6)  remain. 

Prom  considerations  of  the  cresols,  the  diphenols,  the  monohalogen 
phenols,  the  monohydroxy  anisols  and  phenetols,  etc.,  it  is  observed 
that  the  boiling  points  of  the  meta  and  para  compounds  are  some  10-40** 
higher  than  the  corresponding  ortho  compounds.  By  analogy,  it  may  be 
assumed  that  a  compound  with  the  formula  (a),  with  its  double  Jbond 
more  distant  from  the  oxygen  atom  than  a  compound  possessing  the  for- 
mula (e),  would  have  a  higher  boiling  point.  This  may  be  especially  true 
of  a  compotmd  of  the  formula  (6),  and  thus  the  high  boiling  point  of  luinod 
may  be  accounted  for. 

Some  of  the  terpene  ketones  may  be  considered  to  be  homologues  of 

urinod.     For  instance,  (/)  dihydrocarvone*  is  2-methyl-5-isopropyl-iuinod, 

while  (g)  terpenone,*  Qi)  carvenone*  and  (i)  3-terpene-5-on^  are  methyl- 

isopropyl  homologues  of  Kotz's  2-cyclohexene-i-on. 

CH  =CH  CH,— CH 

II  I         II 

(/)     CH,CH  HC.CH,  (g)     C.H7CH     C.CH, 

II  II 

CHr-CO  CHr-CO 

CHr-CH,  CHr-CH 

II  I  II 

(h)    CaH^C     HC.CH,  (i)    CH,.CH      CCiH, 

II  I  II 

CH— CO  CHr-CO 

*  Kdtz,  etc.,  Ann.,  400,  72.     The  3,6-dimethyl-2-cyclohexene-i-on  is  described  as 
possessing  a  pleasant  menthone-like  odor. 

'  Baeyer,  Ann.,  278, 97.     This  compound  boils  at  166°  and  is  quite  soluble  in  water. 

*  Baeyer,  Ann.,  278,  97;  Markownikow,  Ibid.,  302,  20.    This  compound  boils  at 
z6i  ^  and  is  soluble  in  28  volumes  of  water. 

*  Wallach,  Ann.,  275,  115;  279,  378;  300,  290;  313,  368;  314,  164;  Bruhl,  Ber.,  32, 
1225. 

»  Baeyer,  Ber.,  29,  35. 

*  Wallach,  Ann.,  277,  122;  286,  130;  287,  381;  305,  270;  Baeyer,  Ber.,  27,  1921; 
281  1592;  Tiemann  and  Semmler,  Ber.,  31,  2889. 

^Wallach,  Ann.,  305,  272;  Baeyer,  Ber.,  28,  1587;  Kremers,  Am.  Chem.  J.,  x6, 
395;  x8f  762. 
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A  comparison  of  boiling  points: 

(a)  3-Cyclohexeiie-i-on  (uripod) io8^  at  28  mm.               

(jb)  2-Cyclohexc3ie-i-on 63  ®  at  14  mm.               

(/)  Dihydrocarvone kH*  at  18  mm.  222  *  at  760  mm. 

(jg)  Terpenone 235  "  at  760  mm. 

(A)  Carvenone 112 °  at  14  mm.  236°  at  747  mm. 

{$)  3-Terpenc-5-on , 97"  at  12  mm.  208**  at  760  mm. 

shows  that  some  of  the  homologs  of  (e)  are  higher  boiling  than  dihydro- 
carvone, the  homologue  of  urinod.  Of  coiwse,  the  establishment  of  the 
constitution  of  some  of  these  formulas  is  doubtful,  so  that  conclusions 
drawn  therefrom  as  to  the  relative  boiling  points  of  (a)  and  (e)  cannot  be 
final. 

That  urinod  may  possess  the  exceptional  formulas  (b)  gathers  support 
from  consideration  of  its  characteristic  toxic  properties  and  its  odor — 
the  isocyanides  and  other  bivalent^  carbon  compounds  being  both  toxic 
and  malodorous. 

It  is  of  special  interest  to  study  the  properties  of  urinod  in  connection 
with  other  closely  related  con^pounds,  such  as  quinone  and  tetrahydro- 
benzaldehyde. 

(i)  Urinod,  quinone,  dihydrocarvone,  and  3-tetrahydrobenzaldehyde* 
all  possess  similar  solubilities,  strong  odors  and  closely  related  structural 
formulas;  compare  (a)  and  (/)  with  the  following: 

CO— CH  CH  -  CH 

I  II  II 
U)   HC       CH                                      (*)   H,C         CH, 

II  I  II 
CH— CO                                                CH,— CH.CHO 

(2)  Urinod  and  quinone  are  both  yellow  in  color  and  darken  on  stand- 
ing in  sunlight. 

(3)  Both  urinod  and  3-tetrahydro-benzaldehyde  polymerize  readily. 

(4)  Urinod,  dihydocarvone  and  tetrahydro-benraldehyde  are  extremely 
easily  oxidized — a  general  property  of  reduced  benzene  compounds. 

Urinod  Occurs  in  the  Conjugated^  Form, 
That  urinod  does  not  occur  free  in  fresh,  normal  urine  is  concluded 
from  consideration  of  the  following  evidence: 

(i)  The  odor  of  freshly  voided  urine  is  not  pleasant,  i.  e,,  in  such  urine 
the  odor  of  urinod  itself  is  absent,  or  is  present  only  as  a  trace,  that  is  its 
conjugated  form  is  not  unpleasantly  evident  to  the  sense  of  smell. 
(2)  Fermentation,   or   treatment   with   hydrolyzing   agents,   develops 

*  See  the  views  of  Nef,  Ann.,  280,  303;  287,  274;  398,  202;  also  see  Wade,  /. 
Chem.  Soc.,  81,  1596;  Lawrie,  Am.  Chem.  J.,  36,  487. 

'  Sobecki,  Ber.,  43, 1040.  The  odor  is  described  as  extremely  unpleasant,  suggestive 
of  benzaldehyde  and  isovaleric  aldehyde.  Compare  with  hezahydrobenzaldehyde,. 
Frezouls,  Compt.  rend.,  154,  707. 
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very  unpleasant  odors,  which,  though  composite,  as  will  be  shown,  are 
easily  recognized  as  containing  urinod. 

(3)  Urinod  itself  is  very  toxic,  as  will  be  shown,  hence  for  physiological 
reasons,  it  must  be  transformed  to  the  innocuous,  conjugated  form  to  be 
eUminated. 

(4)  Urinod  is  easily  volatile  with  steam,  but  each  fraction  of  distillate 
from  mine  and  even  the  heated^  residue  gives  off  the  odor  of  urinod,  hence 
not  only  is  its  formation  by  hydrolysis  difficult,  but,  a  priori,  it  must  exist 
in  the  conjugated  form. 

(5)  This  conclusion  gains  further  support  from  consideration  of  many 
of  the  other  substances  in  urine,  which  are  shown  to  be  in  the  conjugated 
form.  For  instance,  ammonia  is  conjugated  in  urea;  urea,  in  uric  add 
and  other  piuine  bases;  benzoic  and  phenylacetic  acid,  in  hippuric  and 
phenylaceturic  acids;  phenol,  /)-cresol,  other  phenols,  indol,  skatol,  etc., 
in  sulfonates  and  glycuronates.^ 

The  Odor  of  Urine. 

The  odor  of  imne,  though  largely  caused  by  urinod,  is  blended  with 
basic,  acidic,  phenolic  and  other  neutral  compotmds,  under  different  con- 
ditions of  alkalinity,  acidity  and  neutraUty.  Since  urinod  is  not  found 
in  fresh  mine  in  the  free  state,  its  offensive  odor  is  not  developed  imless 
mine  is  permitted  to  ferment,  is  evaporated  or  ignited,  is  treated  with 
acids  or  alkahes,  or  is  secreted  under  pathological  conditions. 

The  odors  of  fresh  mines,  evaporating  urines,  fermenting  urines,  dis- 
tillates from  alkaU-treated  urines,  distillates  from  acid-treated  urines  and 
even  different  fractions  of  the  latter  two,  all  possess  the  characteristic 
odor  of  urinod  but  are  quite  readily  distinguished  by  the  sense  of  smell, 
for  the  reason  that  secondary  odoriferous  substances  also  are  present. 

Fresh  mine  possesses  only  a  slight  odor,  which  probably  is  caused  by 
the  conjugated  form  of  luinod  or  by  its  partial  splitting-  into  urinod. 

Urines,  while  being  evaporated  and  ighited,  probably  possess  the  odors 
of  urinod,  conjugated  urinod,  indol,  the  lower  fatty  acids,  phenols  and 
other  undetermined  substances. 

Fermenting  urines  probably  possess  the  odors  of  urinod,  ammonia, 
ammonium  sulfide,  indol  and  phenols. 

Urines  treated  with  alkalies  probably  possess  the  odors  of  ammonia, 
alkylamines,  indol,  phenols  and  urinod. 

Urines  treated  with  acids,  as  was  shown  in  the  previous  paper,  possess 
the  odors  of  a  great  variety  of  volatile  substances,  but  especially  the 
odors  of  urinod,  the  lower  fatty  acids  and  the  simple  phenols. 

Since  urea  and  other  tuinary  compounds  occur  in  small  quantities  in 

'  For  comprehensive  experiments  on  alicyclic  compounds  in  combination  with 
Slycuronic  acid  in  urine,  see  Hamalainen,  Skand.  arch.  Physiol.,  27,  141;  see  also 
Levy,  Biochem.  Z.,  a,  314  on  the  conjugation  of  glycuronic  acid  with  optical  antipodes. 
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perspiration,  and  since  in  cases  of  obstructed  excretion  of  urine  they  occur 
in  larger  quantities  in  perspiration,  it  may  be  concluded  that  the  conju- 
gated form  of  urinod  or  urinod  itself  may  also  be  excreted  by  the  sldn. 
That  such  is  the  case  is  quite  evident  to  one  familiar  with  the  odor  of 
pure  urinod.  Indeed  this  body  odor  may  also  be  a  large  factor  in  the  com- 
posite odor  of  ill-ventilated,  occupied  rooms. 

The  Use  of  Antiseptics  in  Urinals. 
The  various  preparations  for  urinals  can  have  only  three  uses: 
(i)  Destructive  ejBFects  upon  bacteria. 

(2)  Destructive  ejBFects  upon  uriniferous  odors. 

(3)  Solvent  eflfects  upon  earthy  phosphates,  etc. 

As  was  shown  in  a  previous  paper,  ^  most  preservatives  for  urine  have  only 
partial  inhibitory  power,  unless  applied  in  quite  concentrated  solutions. 
It  is  doubtful  whether  the  quality  or  the  quantity  of  the  antiseptics  ordi- 
narily applied  in  urinals  have  any  meritorious  bactericidal  effects. 

The  most  important  odor-imparting  substances  of  urine  are  ammonia, 
phenols,  aliphatic  acids,  indol  and  urinod.  Since  all  these  substances, 
except  urinod  and  indol,  are  soluble  in  water,  intermittent  flushing  of 
urinals  with  water  will  remove  all  but  traces  of  urinod  and  indol. 

Since  urinod,  the  most  iU-smelling  substance  of  urine,  is  easily  acted 
upon  by  free  halogen  to  form  inodorous  derivatives,  the  use  of  bleaching 
powder  in  urinals  has  scientific  basis.  The  use  of  naphthalene,  other 
hydrocarbons,  and  phenols,  with  which  urinod  is  not  chemically  reactive, 
can  have  no  justification  beyond  their  feeble  antiseptic  effects.  These 
and  many  other  commercial  preparations  may  mask  but  not  destroy  the 
odor  of  urinod. 

Oxidizing  reagents,  such  as  bleaching  powder,  the  halogens,  nitric  add, 
the  oxides  of  nitrogen,  permanganate  solutions,  etc.,  speedily  destroy 
urinod.  Of  course,  bleaching  powder,  the  halogens  and  the  higher  oxides 
of  nitrogen  themselves  possess  disagreeable  odors  and,  therefore,  are  ob- 
jectionable reagents  for  urinals. 

Because  of  its  insolubility  in  water  and  ordinary  cleansing  materials, 
urinod  is  removed  with  difficulty  from  the  hands  of  the  worker  in  the 
laboratory.  This  property  of  urinod  accounts  for  the  failure  to  remove 
odor  of  urine  from  lavatories  by  ordinary  methods  of  cleansing. 

Strunk*  made  extensive  investigations  of  oils  for  urinals  and  concluded 
that  they  consist  chiefly  of  creosote  oils  and  petroleum.  Such  oils,  having 
weak  disinfecting  power,  act  chiefly  as  .deodorizers  and  cleansing  agents. 
They  cannot,  however,  have  chemical  effects  upon  urinod  and  their  sol- 
vent effects  upon  it  hardly  justifies  their  use. 

1  This  Journal.  36,  409  (1914). 

*  Verdff,  Geb.  MUUdr-sanitatswes.,  45;    Arch.    kyg„    Chem.    UntersuchungssteUen, 
IV,  31  (1911);  Apoth.  Ztg.,  26,  146,  156.  167;  C.  A.,  5,  2681. 
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It  is  concluded  from  our  studies  that  frequent  use  of  water  for  flushing 
purposes  in  urinals  and  the  occasional  application  of  dilute  nitric  add  as 
a  washing  material  is  effective  not  only  for  destroying  the  urinod  but  also 
for  dissolving  earthy  phosphates  and  other  precipitated  materials. 
The  Physiological 'Significance  of  Urinod, 

For  the  reason  that  urinod  is  fotmd  at  day  or  night  in  all  normal  or 
pathological  urines,  like  urea,  uric  add,  creatinine,  etc.,  it  must  bear  some 
constant  relation  to  metabolism.  From  evidence  at  hand,  the  relation 
of  urinod  to  the  body  ftmctions  remains  purely  speculative  or  unknown. 

It  is  our  purpose  to  make  a  S3rstematic  search  for  the  tissues  originating 
luinod  and  to  determine  whether  it  is  an  absorption  product  of  intestinal 
putrefaction  or  it  is  a  waste  product  of  metabolism.  These  and  further 
studies  of  the  chemical  properties  of  tuinod  are  reserved. 

Summary. 

(i)  A  neutral  iU-smelling  substance,  with  empirical  formula,  CeHsO, 
has  been  separated  from  urine.  Its  structiu-al  formula  probably  is  3-cyclo- 
hexene-i-on.  It  occurs  in  urine  in  the  conjugated  form  and  is  set  free 
by  fermentation  and  the  decomposing  effect  of  dilute  sulfuric  add. 

(2)  It  is  a  most  characteristically  smelling  compotmd  and  seems  to  be 
excreted  in  all  samples  of  urine. 

(3)  Its  relation  to  metabolism,  though  apparently  constant,  is  at  pres- 
ent unknown. 

(4)  It  is  very  toxic  and  may  bear  some  relation  to  uremia. 

SsATTLS.  Wash. 


SOME  OBSERVATIONS  ON  THE  EXCRETION  OF  CREATININE 

BY  WOMEN. 

Bt  Mart  Huu.. 
Received  July  7.  1914. 

The  following  observations  are  submitted  as  a  contribution  to  the  ques- 
tion of  the  extent  of  creatinine  elimination  imder  varying  conditions. 
The  relations  in  general  have  been  studied  by  several  writers,  especially 
by  Folin^  and  by  van  Hoogenhuyze  and  Verploegh,*  while  the  points 
to  be  covered  here  are  concerned  with  only  one  phase  of  the  subject, 
viz.,  the  extent  of  creatinine  excretion  in  a  group  of  women  in  normal 
health  with  a  normal  diet.  The  long  papers  of  van  Hoogenhuyze  and 
Verploegh  contain  a  mass  of  data  throwing  light  on  the  relation  of  the 
excretion  to  certain  diets,  and  also  the  course  of  the  excretion  in  pathological 
conditions,  espedally  in  high  fevers.  But  the  subjects  of  the  observations 
were  men,  in  the  normal  cases,  at  least,  and  the  question  of  the  relations 

^  Polin.  Hammersten's  Festschrift  and  other  Gontributions,  largely  Journal  of  Bio- 
logical  Chemistry. 

*van  Hoogenhuyze  and  Verploegh,  Z.  Physiol  Chem,,  46,  415  (1905);  57,  161 

(1908). 
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in  women  is  not  touched  upon.  The  daily  output  of  creatinine  is  dosely 
related  to  body  weight,  but  more  especially  to  the  weight  of  the  muscular 
portion  of  the  body  and  its  activities. 

In  the  course  of  some  other  studies  in  this  laboratory  an  opportunity 
was  presented  to  make  some  observations  on  the  excretion  of  women  and 
.the  results  of  these  observations  are  here  given.  While  the  creatinine 
output  was  the  most  important  factor  considered,  the  nitrogen  excretion 
in  other  directions  was  also  considered.  The  subjects  of  the  studies  were 
a  group  of  women  ntu-ses  in  the  Wesley  Memorial  Hospital,  associated 
with  Northwestern  University  Medical  School.  The  women  were  all 
in  normal  health  and  consumed  a  moderate  diet,  the  extent  of  the  pro- 
tein content  of  which  is  suggested  by  the  figtures  given  below.  The 
height  and  weights  of  the  women  are  given  in  this  table. 


No. 

I. . 

2. . 

3-. 
4.. 
5.. 
6.. 


Height. 

Weight. 

5  ft.  0   in. 

5  "  9  " 

5-5     " 
5   "    5.5" 

47.1  kg. 
77.0  " 

«2.5    " 

6a. I    " 

5    "    7.7" 

65.7  " 

5   "    3     " 

47.7   " 

No.  I  appeared  small  and  plump;  No.  2,  tall  and  heavy,  without  ap- 
pearing fat.  No.  3,  who  weighed  less  than  2,  gave  the  impression  of  fat 
rather  than  muscle  weight.  No.  4,  with  nearly  the  same  height  and  weight 
as  3,  appeared  relatively  slight.  No.  5  was  tall  and  spare,  while  No.  6 
appeared  small,  thin  and  wiry. 

The  urine  samples  were  collected  in  24-hoiu'  portions  from  7  a.m.  to 
7  A.M.  and  preserved  by  toluene.  The  voltmie,  reaction  and  specific 
gravity  were  observed  on  each  day's  excretion.  The  ammonia  and  crea- 
tinine nitrogen  fractions  were  determined  each  day,  and  composites, 
for  analysis,  were  made  of  the  excretions  for  6  da3rs.  For  each  subject 
fotir  such  composites  were  made,  that  is,  each  woman  was  tmder  observa- 
tion through  one  month,  with  the  exceptions  noted.  The  nitrogen  de- 
terminations were  made  by  the  usual  standard  methods,  and  in  particular 
the  urea  nitrogen  by  the  Benedict  method  and  the  creatinine  nitrogen 
by  the  Folin  method  by  the  aid  of  a  Duboscq  colorimeter. 

The  numerical  results  obtained  are  shown  in  Table  II. 

In  general  the  values  for  the  nitrogen  distribution  show  nothing  tmusual 
except  in  the  relation  of  the  creatinine  to  the  ammonia  nitrogen.  The 
latter  runs  about  as  might  be  expected  but  is,  in  the  mean,  higher  than  the 
creatinine  in  percentage  distribution  because  this  seems  to  be  somewhat 
low.  The  creatinine  relations  are  best  shown  in  Table  III  where 
the  average  values  for  each  woman  for  the  whole  period  are  given: 
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Table  III. 

'Subject  Weight.  Creatiiime.  Creatinine. 

No.  Kilos.  Grams  per  day.  M g  per  kilo. 

1 47.1  0.705  14.97 

2 77.0,  0.886  II. 51 

3 62.5  0.768  12.28 

4 62.1  0.816  13.12 

5 65.7  0.820  '                  12.48 

6 47.7  0.674  13.92 

It  will  be  seen  at  a  glance  that  these  amounts  of  creatinine,  in  terms  of 
:milligrams  per  kilogram  of  body  weight,  are  lower  than  are  usually  re- 
ported, and  much  lower  than  the  average  for  men.  In  the  lengthy  ob- 
■servations  cited  by  Hoogenhuyze  and  Verploegh  the  creatinine  excretion 
varied  between  about  27  and  31.5  milligrams  per  kilo  of  body  weight 
-daily,  in  the  earlier  series  of  experiments,  and  between  22.7  and  26.6 
miUigrams  in  the  later  series. 

In  several  extended  series  of  investigations  carried  out  in  this  labora- 
tory by  Professor  J.  H.  Long,  on  male  medical  students  tmder  definitely 
^controlled  conditions  of  diet,  the  daily  excretion  was  found  to  be  much 
higher.  In  one  of  these  series^  the  means  for  six  men,  120  determinations 
in  each  case  were, 

Table  IV. 

Wts.  of  subjects.  Creatinine  excretion. 

Kilos.  Mg.  per  kilo,  daUy. 

82.7  21.56 

69.4  24.61 
58.2  27.83 
60.6  24.95 
69.9  26.28 

69.5  25.27 

In  other  series  of  observations,  not  yet  pubUshed,  the  creatinine  values 
.are  somewhat  lower,  but  very  much  higher  than  found  in  the  case  of  the 
women. 

It  must  be  recognized  that  in  the  employment  of  the  subjects  we  may 
find  a  partial  explanation  of  the  apparent  anomaly.  As  nurses,  their 
i^ork  was  wholly  indoors  with  exercise  and  other  muscular  exertion  deficient. 
IKThile  the  highest  gross  weight  of  creatinine  excreted  is  found  in  Subject 
No.  2,  whose  body  weight  is  the  highest  the  milligram  per  kilo  excretion 
is  the  lowest.  The  heavy  body  weight  is  not  due  to  apparent  fat,  but  to 
lx)ne  and  muscle,  with  the  former  evidently  in  excess.  In  the  cases  of 
the  other  women  there  is  no  apparent  relation  between  body  structure 
.and  creatine  excretion. 

While  this  work  was  in  progress  another  case  presented  itself  in  the 
X^erson  of  a  corpulent  woman  employed  in  the  same  hospital  as  helper  in 
the  pantry.  Her  work  was  wholly  indoors  and  not  such  as  to  occasion 
1  See  Long  and  Gephart,  Tms  Jovrnal,  34,  1229  (1912). 
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much  exertion.  Her  diet  was  ample,  but  the  water  consumption  was 
very  low.  For  some  fancied  reason  as  to  ill  e£fects  on  digestion  this  woman, 
drank  beer  more  commonly  than  water.  Her  urine  was  collected  and 
analyzed  on  six  consecutive  days,  with  the  following  data: 

Tablb  V. 

Body  weight 95 .6  kilos 

Height 5  ft.  5  in. 

Mean  urine  vol 567  cc. 

Specific  gravity i  .029 

Total  N.  g 9.38 

UreaN,  g 7.53 

Ammonia  N,  g 0.473 

Creatinine  N,  g 0.246  Creatinine  —  0.661 

Uric  add  N,  g o.  132 

Creatinine,  mg.  per  kilo 6 .91 

Perhaps  no  great  importance  can  be  attached  to  this  very  low  value- 
because  the  woman's  condition  was  in  a  sense  abnormal,  and  especially 
in  the  lack  of  proper  physical  exercise.  But  in  the  following  figures- 
we  have  the  results  of  the  analyses  of  the  urine  of  three  women  who  lived 
at  home  and  whose  daily  life  embraced  a  normal  routine  of  work  and  rest,, 
with  a  moderate  normal  mixed  diet.  The  results  given  are  the  means  for 
the  excretion  of  six  consecutive  days. 

Table  VI. 

Subject ABC 

Weight 62.1kg.  53-5  kg.  74.3  kg.. 

Vol.  urine 953  cc.  1283  cc.  662  cc. 

Sp.gr 1.024  1. 015  1.028 

Total  N 8.20  g.  7.20  g.  7.25  g. 

UreaN 6.82  83.2%        6.03  83.7%        5.91  81.4%. 

Am.  N 0.312  3.8  0.319  4.5  0.426  5.5 

Creat.  N 0.282  3.5  0.265  3-7  0.289  4.0 

Ur.  acid  N 0.169  1.9  oi54  2.2  o.xi8  i.6 

Rest  N 0.63  7.6  0.430  5.9  0.510  6.7 

Creatinine 0.759  0.712  0.772 

Mg.  per  kilo ... .  12.22     _  13.31  10.46 

Here,  as  in  the  other  cases,  we  find  a  low  creatinine  excretion,  when  ex- 
pressed in  terms  of  body  weight.  Subjects  A  and  B  were  women  of  mod- 
erate weight  and  structure,  C  with  a  height  of  5  feet  5  inches,  was  relatively 
fat.  The  low  urine  volume  is  to  be  noted  in  this  case.  To  check  increas- 
ing weight  the  subject  has  lived  on  a  somewhat  restricted  diet  for  years. 

Taking  all  the  figures  into  consideration,  it  is  evident  that  the  subjects 
studied  exhibit  a  low  creatinine  excretion  in  comparison  with  the  usual 
values  as  found  for  men.  To  determine  whether  this  is  true  in  generaf 
with  women  woidd  call  for  long  observations  on  other  groups.  These 
observations  are  offered  as  suggestive  of  an  interesting  question.    There 
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is  no  peculiarity  in  the  distribution  of  other  nitrogen  factors  and  no  reason 
is  apparent  why  there  should  be.  In  the  case  of  the  creatinine  we  have 
the  fact  of  lower  muscular  structtu-e  and  lower  muscular  tone  to  possibly 
-account  for  the  observed  findings. 

This  series  of  observations  was  made  at  the  suggestion  of  Prof.  J.  H. 
Xong  in  the  summer  of  1913. 

NoxmwssTSXN  UmvBKSiTy  Msdicai;  School, 
Cbxcaoo.  III. 


A  COMPARISON  OF  METHODS  FOR  THE  DETERMINATION 

OF  THE  PROTEOLYTIC  ACTIVITY  OF  PANCREAS 

PREPARATIONS. 

Bt  J.  H.  Long  and  A.  W.  Baxton. 
ReceWed  Jnly  7,  1914. 

In  recent  years  many  suggestions  have  been  made  as  to  methods  for 
:finding  the  tryptic  power  of  various  pancreas  preparations,  but  these 
still  leave  the  problem  of  a  generally  definite  method  far  from  solution. 

For  a  long  time  the  classic  Kuehne  method  was  held  in  esteem  as  a 
standard  for  the  comparison  of  other  procedures  and  it  still  has  its  uses. 
Often  egg  albumin  has  been  employed  instead,  but  its  digestion,  as  com- 
pared with  the  fibrin  of  the  Kuehne  scheme,  is  so  slow  that  practically 
it  is  much  less  suitable  as  a  substratum.  The  mistake  of  employing  raw 
^gg  has  often  been  made,  although  it  is  known  that  trypsin  has  but  little 
action  on  other  than  denatured  proteins.  It  was  recently  pointed  out 
by  one  of  us^  that  many  of  the  results  reported  by  Wroblewski,  Bednarski 
■and  Wojczynski*  are  rendered  meaningless  by  this  use  of  raw  egg  in  the 
•estimation  of  tryptic  activity.  In  some  cases  this  resistance  to  digestion 
seems  to  be  due  to  the  presence  of  the  so-called  antitrypsin  in  the  native 
protein  solution.  That  this  is  the  case  with  serum  has  been  shown  by 
several  authors,  for  example  by  Oppenheimer  and  Aron,*  but  the  structiu^ 
of  the  native  protein  itself  is  a  strong  factor,  and  possibly  the  strongest 
one,  in  the  case  of  raw  egg.  In  any  event  uncooked  egg  can  not  be  well 
used  to  show  tryptic  activity. 

While  shreds  of  fibrin  are  well  adapted  for  the  purpose  of  a  qualitative 
test  of  the  proteol3rtic  power  of  pancreas  extracts,  there  are  many  diffi- 
culties in  the  way  of  successful  use  in  quantitative  comparisons.  Some 
of  these  difficulties  are  inherent  in  the  use  of  a  solid  substance  which  can  not 
be  acted  on  uniformly  by  the  digesting  medium.  The  rapidity  of  digestion 
will  depend  on  the  degree  of  comminution  of  the  fibrin  and  on  the  frequency 
of  shaking  the  test  vessels. 

An  equally  important  objection  to  fibrin  is  usually  overlooked  and  it  is 
not  clearly  stated  in  the  literature.    It  is  this,  that  even  after  the  most 

*  Long  and  Johnson,  This  JoxmNAi,,  35,  1194  (1913)- 

*  Beitr.  chem.  Physiol,  und  Path.,  i,  288  (1902). 
« Ihid.,  4,  279  (1904)- 
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careful  purification  fibrin  retains  the  peculiar  ferment  which  brings  about^ 
more  or  less  rapidly,  the  phenomenon  described  as  fibrinol3rsis,  resulting- 
in  the  gradual  solution  of  the  fibrin.  This  fact,  long  known,  does  not 
appear  to  have  been  sufficiently  considered  where  fibrin  has  been  used. 
Fibrin  kept  in  glycerol,  as  often  recommended,  changes  in  a  few  da3rs  at 
the  ordinary  temperature;  indeed,  a  weight  of  a  hundred  grams  or  more 
in  glycerol  may  become  quite  liquid  in  ten  days  or  two  weeks.  Even  • 
where  the  water  is  removed  as  far  as  possible  by  glycerol  and  the  chopped 
mass  is  pressed  dry  and  treated  with  toluene,  autolysis  still  takes  place 
in  time,  as  pointed  out  by  one  of  us^  before.  For  satisfactory  quantitative 
comparisons  it  is  essential  that  the  fibrin  be  practically  fresh. 

The  uncertainty  in  the  employment  of  solid  substance  is  avoided  by 
the  use  of  normal  milk,  as  originally  suggested  by  Roberts^  in  his  studies 
on  pancreatic  ferments.  The  Roberts  method  is  based  on  the  observa- 
tion of  the  so-called  metacasein  reaction.  Ordinary  milk  does  not  co- 
agulate on  boiling,  but  if  its  casein  be  modified  in  a  certain  way,  coagula- 
tion on  boiling  follows  readily.  The  modified  product  was  called  meta- 
casein by  Roberts  and  is  similar  to  the  caseogen  of  Arthus  and  Pag^s,. 
and  the  paracasein  of  other  authors,  in  the  first  stages  of  their  production. 
In  a  given  small  quantity  of  milk  the  coagulation  on  boiling  is  not  ob- 
served tmtil  the  whole  of  the  casein  has  been  converted  to  this  stage.  The 
value  of  the  test  depends  on  this  point.  By  longer  digestion  the  reaction 
disappears,  because  the  casein  is  converted  further  into  true  derivatives* 
The  unit  of  measurement  in  the  test  is  the  number  of  milligrams  of  milk 
converted  to  give  the  metacasein  reaction  in  five  minutes  by  i  milligram 
of  the  ferment. 

It  will  be  recognized  at  once  that  there  are  certain  weighty  objections 
to  this  as  a  quantitative  test.  Roberts  seemed  to  regard  the  composition 
of  market  milk  as  sufficiently  tmiform  for  the  purpose,  but  this  can  not  be 
the  case.  The  casein  content  of  milk  is,  of  course,  variable  where  the 
product  of  individual  cows  is  considered,  but  the  value  for  mixed  market 
milk  has  been  assumed  to  be  pretty  constant,  with  the  casein  about  3%. 
We  are  inclined  to  think  that  the  average  casein  content  of  the  mixed 
milk  delivered  in  otu*  cities  is  lower  than  it  was  some  years  ago.  Under 
city  ordinances  relating  to  milk  the  fat  is  made  the  most  important  con- 
stituent and  in  consequence  cows  are  selected  and  fed  for  fat  production. 
In  our  experiments  the  average  casein  content  of  the  milk  used  was  about 
2.5%  and  a  change  in  this  would  naturally  make  a  change  in  the  amount 
of  ferment  required  to  complete  the  test.  This  will  be  discussed 
below. 

Retaining  a  casein  solution  as  the  substratum  for  digestion^  and  aiming 

^  Long  and  Johnson,  loc.  cit. 

*  Sir  Wmiam  Roberts,  M.D.,  F.R.S.,  Proc,  Roy.  Soc.  (London),  32, 145  (i8«i). 
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at  greater  preciskm  to  be  secured  by  emplo3riiig  a  definite  substance,  €^oss^ 
recommended  a  weak  sdution  of  sodium  caseinate.  &iiall  constant  vol^ 
umes  of  such  a  solution  are  mixed  with  gradually  diminishing  volumes  cif 
the  dihite  tryptic  solution  and  incubated  an  horn-  at  38^  (or  40^).  At 
the  end  of  the  time  the  test  tubes  containing  the  mixtures  are  ronoved 
from  the  bath  and  treated  with  ^3  drops  €t  a  very  weak  acid  soliition, 
which  produces  a  precipitate  in  the  tubes  in  whidi  the  digestion  has  not 
reached  the  proper  stage.  As  the  reaction  is  sharp  it  is  possible  to  vecog^ 
nize  at  once  the  tube  in  whkh  the  digestion  just  fails  to  be  complete.  A 
convenient  number  of  steps  in  the  dilirtions  must  be  chosen  to  give* dose 
results.  The  object  of  the  t^t  is  to  determine  how  many  cubic  centimeters 
of  the  casein  solutvM9,niao»be:4ige8te4'''by  1.^4^  of  i<4ic  ferment  solution 
in  the  unit  of  time,  here  x  hour.  A  .better  measure,,  when  dealing  with 
solid  ferments,. is  to  find  the  number  of  milligrams  of  casein  chaifgediby 
I  mg.  of  the  ferment  to  the  point  where  no  precipitate  is  formed,  ip  th^ 
unit  of  time.  The  tryptic  activity  varies  inversely  as  the  weight  .pi  .fer- 
ment required  and  the  time.  ,^ 

In  place  of  making  the  dilutions  with  water,  which  has  a  destructive 
action  on  the  strongest  ferments  free  from  excess  of  salts,  we  have  ex- 
perimented with  the  use  of  a  phosphate  mixtture  to  preserve  a  constant 
low  hydroxyl«CQi;Ltent  but  little  above  neutrality,  as  ^rill  be  explained  beloi^r. 

In  addition  to  these*  three  general  schemes  we  have  carried  out,  with  th^ 
six  ferments  employed,  a  series  of  tests  with  the  formaldehyde,  titration 
as  worked,  out  by  Sorensen  and  colleagues.  Here  again  we  emplgy^d^ 
casein  dissolved  in  the  right  amount  o^  sodium  hydroxide  as.  tjie  sub-^ 
stratujn  and  after  digestion  through  definite  periods  titrated,  afl;^  the 
addition  of  the  formaldehyde,  to  nieasure  the  amino  acids  formed.  jPoi; 
the  purposes  of  quantitative  cpmparisons  we  have  not  thought  it.d^abl^ 
to  follow  out  the  optipal. method,  in  which  the  measure  of  dige^tipp  i^ 
preferably  the  changie  in  rotation  in  some  artificial  p9l3rpeptide,^.qr,cer^\i\ 
other  methods  in  which  the  liberation  of  tyrosine  fr9jtn  one  of  i^.^impl^^ 
polypeptides  is  the  measure  of  the  digestive  activity.  For  the  practical 
purpose  in  view,  the  methods  referred  to  give  the  most  direct, and  easily 
followed  results.  .  . .    .    ,  ,  i 

Trypsin  is  employi^d  at  the  pre^nt  time,  not  onjy  in  the  course  of  scien- 
tific research  but  also  as  an  agent  of  protein  digestion  on  the  large  scale, 
and  as'  a  remedy  in  the  experimental  study  of  disease!,  or  in  the  rbutine 
treatment  of  various  disorders.  It  is  produced  as  a  commercial  product 
by  many  firms  and  sdmd  of  the  prodticts  obtained  are  'stronger  tfcan  an^ 
which  the  ordinary  laboratory  wotkct'is  likely  to  be  abfe  to  preji^e  hihl*- 
sdf.    Some  standards  for  the  valuation  or  comparison  of  these  *'  trypsins'' 

»  Arch.  exp.  Path.  undPharm.,  58,  57  (<9<^)-     This  wort  is  based  dn  the  method 
of  pepsin  dig:estioii  suggested  by  Puld.  where  edestin  was  Used  as'th^  substratnm.  " 
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or  "pancreatins'  is  desirable,  as  each  manufacturer  makes  his  own  state- 
ment of  value  in  terms  which  are  sometimes  vague  and  not  translatable 
into  other  terms. 

In  the  investigations  of  the  Council  on  Pharmacy  and  Chemistry  of 
the  American  Medical  Association  the  question  of  the  comparison  of  these 
standards  has  come  up  more  than  once  and  the  present  study  is  the  result 
of  an  effort  to  throw  some  light  on  these  points.^  The  plan  of  our  study 
has  been  this:  We  have  made  tests  with  six  well-known  American  com- 
mercial brands  of  trypsins,  representing  strong  as  well  as  relatively  weak 
preparations,  and  have  compared  their  activity  by  the  four  methods 
outlined  above.    The  important  details  of  the  tests  will  now  be  given. 

The  Roberts  Metacasein  Reaction. 

It  is  not  a  difficult  matter  to  sectu-e  uniform  and  consistent  re- 
sults by  this  test,  which  is  carried  out  practically  as  follows:  50 
cc.  of  fresh  milk  are  diluted  to  100  cc.  with  water,  the  ferment 
solution  to  be  added  later  making  part  of  the  final  volume.  A  num- 
ber of  flasks  are  prepared  with  the  milk  and  the  right  amount  of 
water  added.  The  smaller  ferment  volumes  are  placed  in  test  tubes, 
and  flasks  and  tubes  are  warmed  to  40^  in  a  thermostat.  When  the 
temperatures  are  constant  the  contents  of  the  tubes  are  poured  into  the 
proper  flasks  and  the  liquids  mixed  by  shaking.  At  the  end  of  each  minute 
a  5  cc.  portion  is  withdrawn  from  each  flask  add  quickly  boiled.  If 
a  coagulation  occurs  at  the  end  of  four  to  six  minutes  with  one  of  the 
dilutions,  the  result  with  this  flask  is  regarded  as  a  close  approximation 
to  the  proper  value  and  a  second  test  is  made  with  dilutions  which  should 
give  the  end  point  in  an  interval  very  near  to  5  minutes.  Roberts  showed 
that  for  time  intervals  nearly  the  same  the  inverse  relation  between  time 
and  strength  holds,  as  in  many  similar  reactions.  In  other  words,  if  it 
is  found  that  5.1  mg.  of  the  ferment  is  sufficient  to  bring  about  the  reaction 
in  4.5  minutes,  4.41  mg.  will  do  it  in  5  minutes.  The  dilution  to  100  cc. 
was  always  observed. 

Milks  from  several  dairies  were  used  in  the  course  of  the  investigation 
and  in  different  trials  the  casein  content  was  found  to  be  about  2.5% 
by  the  Van  Slyke-Bosworth  titration.  The  following  figures  show  some 
typical  results  obtained  on  different  days  with  milk  from  one  dealer: 

Four  samples  of  milk  of  50  cc.  each  gave  2.5,  2.5,  2 .4,  2 .6%  casein  and  4.1.  4.1, 
3.9,  4.2  mg.  of  ferment,  respectively. 

In  the  mean,  a  trifle  over  4  mg.  of  the  active  ferment  was  required  to  bnng 
about  the  reaction.    The  results  are  not  always  .as  close  as  the  above 

*  This  investigation  has  been  made  with  the  assistance  of  a  grant  from  the  Com- 
mittee on  Therapeutic  Researdi  of  the  Council  on  Pharmacy  and  Chemistry  of  the 
American  Medical  Association. 
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and  it  is  almost  always  necessary  to  have  two  persons  to  make  the  tests 

SO  as  to  make  the  boilings  at  the  right  instant  of  time. 

In  a  preliminary  series  of  tests  with  a 'product  which  we  will  call  Trypsin 

A,  made  up  to  a  dilution  of  2  mg.  to  i  cc.,  wetound  these  results,  which 

are  illustrative  of  many  others  : 

Mg.  of  ferment  added:  6.0     5.0     4.2      4.1      4.0 

Time  of  onset  of  reaction  (min.) :    3         4         4.5      5.0     5.5 
Mg.  for  5  minutes  calculated:        3.6     4.0     3.8     4.1      4.4     Mean,  4.0 

In  general,  values  like  the  first  are  rejected  and  new  tests  made.  A 
large  number  of  tests  were  made  with  this  same  tr3rpsin  on  milks  obtained 
on  different  days  from  the  same  dairy.  From  3.8  to  4.1  mg.  of  the  fer- 
ment were  required  to  produce  the  metacasein  reaction  in  5  minutes; 
the  mean  value  being  4.0  mg.  This  will  be  used  in  the  comparisons 
below.  It  was  found  that  with  other  milks  more  of  the  ferment  was  re- 
quired as  the  content  of  casein  ran  up  to  about  2.8%.  This  is  a  point 
which  every  one  working  with  the  test  will  have  to  observe. 

As  a  further  illustration  of  the  degree  of  imiformity  which  may  be 
expected  in  the  working  of  the  test  the  following  series  is  given,  a  product 
which  we  mark  Tr3rpsin  B  being  used.  Two  dilutions  were  employed, 
in  one  200  mg.  to  100  cc.  and  in  the  second,  600  mg.  to  100  cc.  The  fol- 
bwing  table  shows  the  results  of  the  trials: 
Mg.  of  ferment  added:  12        12         15        15.8     15.8     16        16        17 

Time  to  onset  of  react,  (min.):  6.0      6.25    4,75    5.0      5.0      4.5      4.5      4.0 
Mg.  for  5  minutes,  calc:        14.4     15.0     14.3     15.8     15.8     14.4     14.4     13.6 

Mean,   14.7 
It  will  not  be  necessary  to  give  the  details  of  the  other  experiments  as 
they  showed  about  the  same  variations  as  above.    By  repeating  them 
and  taking  mean  values  the  results  given  below  were  obtained.    The  means 
for  all  of  the  samples  are  here  tabulated : 

Name  of  sample:  Tnrpsin  A,        B,         Ci,         Cn;  Pancreatin  D,        E,        F. 
Mg.  for  5  minutes  calc. :    4.0      14.7     27.3       24.3  329    33-8    47  3 

Trypsins  Cj  and  Cn  were  different  preparations  from  the  same  manu- 
facturer of  which  Cii  was  the  fresher.  In  the  comparisons  below,  it 
alone  will  be  used.  In  this  preparation  diluticms  of  700  mg.  to  100  cc. 
were  made,  while  with  numbers  D,  E  and  F  the  favorable  dilutions  were 
found  to  be  0.870,  1.5  and  1.7  g.  in  100  cc.,  respectively.  These  dilutions 
were  not  found  at  once  but  only  after  a  number  of  trials  with  different 
strengths  and  with  different  samples  of  milk.  It  will  be  seen  that  the 
weakest  product  has  less  than  one-tenth  the  strength  of  the  strongest. 

The  values  given  present  a  fair  picture  of  the  behavior  of  the  better 
grades  of  such  preparations  available  in  this  country.  All  these  samples 
have  some  amylolytic  as  well  as  proteolytic  activity  but  are  practically 
devoid  of  action  on  fats.    A  considerable  number  of  other  preparations 
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examined  were  found  to  be  weaker  than  these,  but  need  not  be  discussed 
here  because  no  new  principle  is  involved  in  the  experience  gained  with 
them. 

The  probable  reason  for  the  variations  in  the  individual  series  is  found 
in  the  character  of  the  products  used.  These  are  not  soluble  extracts, 
but  more  or  less  insoluble  powders  which  are  brought  into  solution  as  well 
as  possible  by  rubbing  up  in  a  mortar  with  successive  portions  of  water. 
Even  with  this  treatment  we  can  not  be  certain  that  all  of  the  true  enzyme 
has  1^  the  solid  and  gone  into  solution.  Heat  can  not  be  applied  in  the 
making  of  the  solutions  and  they  must  be  made  fresh,  as  loss  of  strengfth 
always  follows  in  dilute  aqueous  solution  on  standing.  The  variations 
from  possible  changes  in  casein  content  of  the  milk  must  not  be  lost  sight  of. 

But  this  variation  in  the  casein  content  has  not  the  effect  calculated 
if  there  is  a  variation  in  the  dilution  at  the  same  time.  A  change  in  the 
dilution  changes  the  concentration  of  the  enzyme  with  reference  to  Hie 
casein,  and  this  is  an  important  point.  Changes  in  the  dilution  give  some- 
what perplexing  results.  All  the  above  values  are  based  on  trials  with 
toilk  containing  almost  exactly  3%  of  fat  as  well  as  the  uniform  casein 
content  mentioned.  It  has  been  recently  shown  that  increase  in  the  fat 
of  nrilk  increases  the  time  required  in  the  ordinary  rennet  coagulation/ 
and  it  is  probable  that  the  above  reaction  would  be  ^ected  in  the  same 
way.  Roberts  found  that  the  time  of  digestion  to  produce  the  metacasein 
reaction  is  increased  greatly  by  dilution,  and  stated  that  if  the  reaction 
is  secured  with  50  cc.  of  milk,  undiluted,  in  three  minutes,  the  same  milk 
diluted  with  an  equal  volume  of  water  would  require  six  minutes.  In 
other  words,  the  rapidity  of  formation  of  metacasein  is  proportional  to 
the  concentration  of  the  ferment. 

In  a  long  series  of  tests  we  found  this  relation  to  hold  only  approxi- 
mately, but  as  the  point  was  not  a  necessary  part  of  the  present  enquiry 
we  have  not  followed  it  to  a  definite  conclusion.  For  our  purpose  it  was 
thought  better  to  make  all  the  comparisons  under  the  constant  diluti<Mis, 
as  given. 

It  must  be  kept  in  mind  that  the  time  given,  in  the  practical  application 
of  the  test,  is  the  very  beginning  of  the  reaction,  or  onset,  as  Roberts 
called  it.  By  long  digestion  the  phenomenon  disappears  because  of  the 
formation  of  soluble  products  without  the  coagulating  property  of  casein. 
Some  littie  uncertainty  naturally  obtains  in  detecting  just  the  r^t  point  of 
the  onset  of  the  coagulation,  and  this  uncertainty  can  be  overcome  only  by 
considerable  practice  with  the  method. 

The  following  table  shows  the  mean  results  of  the  above  experiments, 
arranged  in  the  order  cl  ferment  strength  and  with  the  use  of  the  Roberts 

1  Kr^idel  and  Lenk,  Biochem,  Z.,  63,  151  (1914). 
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unit,  the  parts  of  milk  converted  by  one  part  of  the  enzyme.    The  gram 
and  cubic  centimeter  are  here  taken  as  equivalent. 

Number:  A,  B,  C, 

Mg.  of  ferment  for  50  cc.  of  milk:       4.0         14.7        24.3 
Digestion  units:  12500        3400        2050 

The  values  in  the  last  line  will  be  used  for  the  comparisons  to  follow. 

The  Sodium  Caseinate  Digestioni  Fuld-Gross  Method. 

The  strength  of  casein  solution  usually  recommended  for  this  method 
is  I  mg.  to  I  cc.,  that  is,  0.1%.  Of  this  solution  2  cc.  of  2  mg.  of  casein 
are  to  be  used  in  each  test,  that  is,  this  amotmt  is  to  be  added  to  each  of 
a  series  of  test  tubes  along -with^  the  various  dilutions  of  the  ferment. solu- 
tion to  be  incubated  for  each  trial.  While  this  weak  casein  solution  isi 
satisfactory  for  very  weak  enzymes  it  i?  not  as  convenient  for  strong  solu- 
tions, and  the  practice  of  this  laboratory  has  been  to  employ  a  solution 
of  double  the  strength  with  three  times  the  volume,  that  is  to  use  12  mg. 
of  casein  in  6  cc.  in  place  of  2  mg.  The  ferment  is  made  up  in  solutions 
of  various  strengths,  in  some  cases  as  low  as  0.05  mg.  to.  i  cc. 

First,  a  series  of  tubes  are  charged  with  6  cc.  of  the  casein  solution, 
made  as  described  below,  and  warmed  to  40**  in  the  bath.  In  other  tubes 
the  dilutions  of  the  ferment  are  poured  and  each  of  these  small  volumes 
is  made  up  to  4  cc.  and  also  wanned  to  40^.  Then  the  dilutions  in  series 
are  poured  into  the  properly/ labeled  casein  tubes,  which  are  shaken  and 
digested  for  i  hr.  at  40^.  At  the  end  of  the  time  the  tubes  are  taken  from 
the  bath  {god  immediately  tr^t^d  wjth.3  dfops  of  .the  dilute, acid,  made 
by  mixing  i  volume  of  glacial, acetic, aci4  with  50  vplumes.of  alcohol  an4 
49  volumes  of  water.  .  Wher^  the  i-equired  digestion  is  complete  no  pre- 
cipitate or  cloudiness  appear^,  J[}ut  if  dig^tipn.  is  not  complete  the  pres- 
ence of  the  unaltered  casein  is  shown  by  the  formation  of  a  cloud,  or  even 
a  heavy  precipitate.  In  the  records  to  foUoWi  complete  digestion  is  indi- 
cated by  — ,  and  a  precipitate  by  +,  or .+  +  if  heavy.  A  faint  cloud  indi- 
cating nearly  complete  digestion  is  shown  by  =*=,  The  true  end  point 
can  be  estimated  by  the  appearance  of  this  cloud  or  opalescence. 

We  shall  not  describe  the  experiments  made  with  the  weak  solt|tions 
referred  to,  but  give  only  thq^  where  we  used  our  stronger  solution  of 
casein.  In  s6me  preliminary  experiments  we  dissolved  800  mg.  oi  an- 
hydrous casein  in  50  cc.  of  water  plus  5  cc.  of  o.i  A/'  sodium  hydroxide. 
The  solution  was  made  to  400  cc.,  of  which  a  volume  of  6  cc,  representing 
12  mg.,  was  taken  for  each  test.  The  ferments  were  made  up  in  water 
solution  with  0.05  mg.  to  i  cc.  The  following  results  of  Table  I  were  ob- 
tained in  the  trials: 
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TablS  I. 

Ferment  A. 

Ferment  B. 

Ferment  C. 

Ferment  D. 

Ferment  B. 

Ferment  F. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc 

I.OO+-I- 

LOO-h-h 

1.00+  + 

I.OO+-I- 

1.00-I--I- 

I.OO+-I- 

1.50-f 

I.50+  + 

2.00+ -h 

i.5o4-h 

2.00 -h  4- 

2.004-1- 

1.75* 

2.00-f 

3.00+ 

2.00-I--I- 

3.00+  + 

3.00 -1- -h 

2.00 — 

2.50-1- 

3.50^ 

3.00+-I- 

5.00-h 

4.004--I- 

2.50— 

3.oo«fc 

4.00— 

400  4- 

6.00^ 

4.50+ 

3.00— 

3  50— 

4.50* 

7.00— 

5.00^ 

5.00^ 

8.00 — 

5  5<^— 

5.50— 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

I  :  120-137 

I  :  70-80 

I  :  70 

I  :  43-48 

I  :  34-40 

I  :  43-48 

In  another  series  of  tests  the  same  casein  solution  was  used  but  the  fer- 
ments were  made  up  in  the  strength  of  0.25  mg.  to  i  cc.    Results,  Table  II. 


Tablb  II. 

Ferment  A. 

Ferment  B. 

Ferment  C. 

Ferment  D. 

Ferments. 

Ferment  F. 

Cc 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

o.io-f 

o.io-f-h 

0.104--I- 

0.304-4- 

0.30-f  4- 

0.20-I--I- 

O.20-I- 

0.20-I--I- 

0.20-f-l- 

0.50-1-4- 

O.50-I--I- 

0.30-1- ^- 

0.25^ 

0.30-f 

0.30-f-l- 

0.804-  + 

0.80+ -h 

0.504•4- 

0.30^ 

0.40+ 

0.40+-I- 

1. 00^ 

I.004-  + 

0.80+ 

0.35* 

0.50* 

0.50-1- 

I.20'*» 

1.50+ 

I.OO* 

0.40 — 

0.60 — 

©.eo-** 

I  .20 

2.004- 

1.20 — 

0.50 — 

0.70 — 

0.70 — 

2.50 — 
3.00— 

1.50— 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

1  :  120-140 

I  :8o 

I  :8o 

I  140 

1  :24 

I  :40 

These  preliminary  trials  suggested  a  better  system  of  dilution  which 
was  arranged  in  this  way.  The  ferments  were  dissolved  to  make  solutions 
of  50  mg.  to  100  CC.  Of  these  solutions,  20  cc.  were,  in  each  case,  diluted 
to  make  100  cc.,  giving  as  the  final  strength  o.i  mg.  to  i  cc. 

The  casein  solution  was  prepared  by  dissolving  500  mg.  of  pure,  dry 
casein  in  50  cc.  of  water  plus  4.5  cc.  of  o.i  N  soditmi  hydroxide.  When 
solution  was  complete  about  100  cc.  more  of  water  was  added  and  then 
22.5  cc.  of  o.oi  N  hydrochloric  add  to  neutralize  the  excess  of  alkali  and 
leave  the  casein  as  add  salt.^  The  volume  was  then  diluted  to  250  cc., 
6  cc.  of  this  casein  solution  was  always  taken,  equivalent  to  12  mg. 

The  following  series  of  ferment  dilutions  was  followed  and  for  the  several 
ferments  the  parts  of  the  series  indicated  were  used. 

No I.       2.        3.       4.        5.       6.        7.        8.         9.       10.      II.      12. 

Vol.  (cc.) 4.0    3.6    3.2     2.8    2.4    2.0     1.6     1.2       i.o    0.8    0.6    0.4 

For  Ferment  A,  numbers  6  to  11  or  12;  for  B,  4  to  10;  C,  i  to  8  or  9;  D,  i  to  8; 
E,  I  to  8 ;  F,  I  to  8  were  used  with  a  few  variations,  as  shown. 

The  incubations  were  made  as  before. 

*  Long,  Tms  Journal,  28,  372  (1908). 
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erment  A. 
Cc. 

Ferment  B. 
Cc. 

TABtB  III. 
Ferment  C.         Ferment  D. 
Cc.                       Cc. 

Ferment  E. 
Cc. 

Ferment  F. 
Cc. 

0.60+ 

O.80+  + 

i.oo+-f 

1. 20+  + 

I.20-f  + 

I.20+  + 

0.80* 

1.00+  + 

I.20+  + 

1.60+ 

I.60+  + 

1.60  + 

1 .00 — 

1 .20+ 

1.60=*= 

2.00* 

2.00+ 

2.00^ 

1 .20 — 

1.60* 

2  .00 — 

2.40 — 

2.40+ 

2.40 

1.60— 

2.00 — 

2.40 — 

2.80— 

2.8o«fc 

2.80— 

2.00— 

2.40— 

2.8o~ 

3.2a— 

3.20— 

3.20— 

2.8a— 

3.20— 

3.60- 

3.6a- 

3.6a- 

Actvity, 

Activity, 

Activity, 

Activity, 

Activity, 

Activity, 

I  :  120 

I  :  80 

I  :  75 

I  :  60 

I  :  40 

I  :65 

These  results,  given  in  Table  III,  are  slightly  different  from  the  pre- 
liminary ones,  but  because  of  the  more  careful  preparation  of  the  ferment 
solutions,  and  the  better  dilutions,  they  are  taken  to  represent  pretty 
closely  the  right  relations. 

The  ferment  solutions  were  allowed  to  stand  in  a  cool  place  over  night, 
protected  by  toluene.    The  digesting  values  were  found  to  be  considerably 
diminished  in  five  cases  by  the  24  hotu^ delay  and  were  now  as  follows: 
A,  I  to  60;      B,  I  to  60;      C,  I  to  50;      D,  I  to  66;      E,  i  to  35;      F,  i  to  30. 

The  greatest  change  comes  in  the  most  active  solution,  which  is  an  ex- 
perience we  have  frequently  observed  in  earlier  work.  With  the  weaker 
ferments  the  change  is  relatively  less  and  in  one  case  there  even  appears 
to  be  a  slight  gain  in  activity.  This  ferment  contains  the  largest  amount 
of  foreign  matter,  especially  sodium  chloride  and  phosphate,  while  Fer- 
ment A  is  a  practically  soluble  powder,  free  from  tissue  remains  and  in- 
organic substances. 

To  test  the  behavior  of  phosphate  addition,  and  with  the  hope  of  se- 
curing a  solvent  which  would  give  more  uniform  results  than  we  found 
with  water,  we  made  up  both  the  casein  solution  and  the  ferment  dilu- 
tions in  a  mixture  of  4  volumes  of  molar/ 100  HNa2P04,  and  i  volume 
of  molar/ 100  H2KP04»  of  which  the  hydrogen  concentration  is  about 
(H)  =  a45  X  10"^,  and  the  hydroxyl,  therefore  about  (OH)  =  1.4  X  lo"*^. 
Tests  made  in  the  same  manner  with  this  mixture,  using  a  little  more 
acid  in  the  precipitation,  gave  the  results  shown  in  Table  IV. 

TablsIV. 


Ferment  A. 
Cc. 

Ferment  B. 
Cc. 

Ferment  C. 
Cc. 

Ferment  D. 
Cc. 

Ferment  B. 
Cc. 

Ferment  F. 
Cc. 

0.40-f 
0.60* 
0.80 — 

0.60-h 
0.80*^ 
1. 00 — 

0.80+ 
I.OO-f 

1.20* 

0.80+ 
l.OO-f- 
I.20=fe 

I.20-f- 
i.6o-h 

2.00+ 

I.20-f 
1.60+ 
2.00«^ 

1. 00 — 
1.20 — 

1.20 — 
1.60— 

1.40— 
1.60— 

1.60— 
2.00 — 

2.40»fe 

2.80— 

2.40 — 
2.80— 

Activity, 
I  :  200 

Activity, 
X  :  120 

Activity, 
I  :  100 

Activity. 
I  :  100 

3.20— 

Activity, 
I  :5o 

3.20— 

Activity, 
X  :6o 

It  will  be  seen  that  the  phosphate  stimulates  the  stronger  and  purer 
enzyme  in  marked  degree  but  has  much  less  action  on  the  others.    This 
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is  probably  due  tothe  fact  that  some  of  the  products,  especially  C,  E 
and  F,  contain  much  tissue  phosphate.  These  products  resemble  pancreas 
powders,  rather  than  tr3rptic  extracts.  This  behavior  suggests  a  modi- 
fication of  the  usual  process  when  it  comes  to  the  examination  of  purified 
extracts  of  the  pancreas  which  have  been  prepared  in  such  a  manner  as 
to  remove  the  larger  part  of  the  salts.  On  being  allowed  to  stand  over 
night,  however,  all  the  solutions  were  apparently  weakened,  but  in  uneven 
degree.  This  behavior  would  call  for  detailed  study  which  can  not  be 
taken  up  here.  For  the  present  purpose  we  shall  make  use  of  the  results 
from  the  water  solutions  only. 

Digestion  and  Formaldehyde  Titration. 
The  formaldehyde  titration  was  carried  out  on  the  products  ob- 
tained by  the  action  of  the  ferments  oh  relatively  strong  solutions 
of  sodium  casein^te,  by  the  general  process  developed  and  improved 
by  Sorensen  and  colleagues.^  Casein  solutions  were  made  by  dis- 
solving 20  g.  of  dry  casein  in  170  cc.  of  o.i  AT  sodium  hydroxide 
plus  100  cc.  of  water.  When  solution  was  complete  the  volume 
was  diluted  to  500  cc.  Portions  of  25  cc.  plus  the  amount  of  ferment 
to  be  used  later  were  treated  with  10  cc.  of  neutralized  formaldehyde 
ind  titrated  with  0.1  N  sodium  hydroxide  and  phenolphthalein,  running 
to'  sharp  rose  red.  These  results  were  used  in  Correction  of  the  actual 
titration  results  later.  '  Portions  pif  too  (x.  of  the  caseinatc  solution  were 
wartned  to  40*  in  flasks.  The  amoimt  of  ferment  to  be  used  was  rubbed 
up  with  water  ^d  the  solution  made  to  5  cc.  in  each  case.  After  warming 
to  40^  each  ferment  solution  was  poured  into  a  volume  of  the  casein  solu- 
tion and  the  mixture  incubated  through  2  hrs.  at  46^.  At  the  end  of  each 
30  minutes  one-fourth  of  each  volulne,  26.25  cc.,  was  withdrawn,  treated 
with  10  cc.  of  the  fdrmaldehyde  and  phenolphthalein  and  titrated  with 
iht  alkali.  Of  i^erment  A  50  mg.  were  added  to  the  4  g.  of  casein,  while 
of  the  others  200  mg.  wete  taken.  But  in  the  tabulated  results  the  titra- 
tion valufes  for  A  are  multiplied  by  four  to  bting  all  to  the  sanie  basis  for 
comparisbn,  as  shown  below.  The  fibres  at^  alrekdy  corrected  for  the 
amotmt  of  alk^i  required  in  the  blank  titration,  and,  as  given,  measure 
the  amount  of  amino  acids  liberated  or  developed  by  the  digestion  of  i  g. 
of  casein  contained  in  each  25  cc.  of  original  solution  through  the  added 
ferments.  » 

Cc.  of  0.1  N  NaOH  raqoired  for  25  ec  of 


Time. 
Mill. 

A. 

B. 

c. 

D. 

•E. 

F. 

30 

32.0 

lO.O 

13.2 

'  '  ia.2 

n.7 

10.0 

60' 

38.8 

16.2 

15.8 

15. 1 

H'7 

13.2 

90 

45.6 

17.7 

17.2 

17.0 

16.6 

14.4 

120 

48.8 

18.7 

^8.8 

18.7 

17. r 

15  9 

*  Sdrensen,  Biochem.  Z.,  7,  45  (1907);  25,  i  (1909);  Hcnriques,  Z.  physiol.  Chev:., 
60,  1'  ii^9^) ;  Hittiri<|ties  and  -6QKdim>  Ibidii  6^\<vt^i^i^u^.  '  •     1 
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It  will  be  seen  that  approximately  the  s^une  order  is  observed  here  as 
in  the  casein  digestion,  with  Ferment  A  much  stronger  than  the  others, 
and  B,  C  and  D  nearly  the  same.  In  the  case  of  A  the  amino  acid  libera* 
tion  indicates  a  rather  advanced  degree  oi(  digestion.  For  the  purpose 
of  comparison,  putting  the  result  for  A  as  loo,  we  have  these  values  ui 
series: 

A  loo,     B  38,      C  38,      p  38,     E  36,     and  F  33. 
For  this  comparison  we  have  taken  the  alkali  requirem^t  at  the  end  of 
the  2-hour  digestion  period..  The  relations  for  other  times  are  nearly 
the  safne.  .      ^ 

The  Fibrin  Digestion.     . 

Coming  finally  to  the  oldest  method  for  comparing  tiyptic  values 
we  have  the  following  observations  to  record:  For  the  reasons  already 
suggested  it  is  much  more  difficult  to  .secure  comparable  results  in 
this  way  than  in  any  of  the  later  meth^ods  suggested.  As.  originally 
described,  by  the  digestion  of  fibrin  the  simple  solution  was  usually  under- 
stood. But  the  first  stage  of  this  solution  yields  a  globulin-like  body  which 
represents  no  very  advanced  condition  of  digestion.  The  choice  of  the 
right  digestion  period  here,  along  with  'the  proper  Weight  of  substance 
to  be  digested  are  important  elements  in  this  test.  By  making  the  period 
long  enough  even  the  weakest  products  appear  to  have  some  value  and 
many  of  the*  results  found  in  the  literature  regarding  the  activity  of  tryptic 
extracts  are  based  on  periods  of  many  hours'  durktfon  or  through  the  night 
in  many  cases.  In  our  studies  we  have  followed  two  general  schemes. 
In  the  first  we  have  started  with  some  small,  definite  amount  of  prepared 
fibrin,  usually  2  g.,  and  have  noted  the  time  required  to  practicafly  digest 
all  of  it./  A:. few  stray  flakes  Are  always  left,. even  with  the  most  active 
preparations.  ,In  the  other  case  we  begin  with  a  larger  weight,  as  5  g., 
and  detetmine  the  amount  of  soluble  nitrogen  f(vmed  in  a  definite  tjme> 
as  three  bours'  or  four  hours.  This  nitrogen  must  be  dwinished  by  the 
amount  obtained  in  a  blank,  experiment  where  the  same  weight  of  fibrin 
is  taken,  with  the  same  alkalinity  of  reaction,  but  where  the  ferment  has 
been  killed  by  heat.  This  plan  has. been  varied  by  neutraUzing  the  di- 
gested mixture  with  dilute  acetic  add,  boiling  and  filtering  off  the  neutrali- 
zation precipitate.  The  soluble  nitrogen  now  found  by  the  Kjeldahl 
determination  on  the  filtrate  is  naturally  less. 

Comparing  the  trypsins  by  the  first  scheme  we  have  this  result.  The 
preparations  were  taken  in  amount  of  25  mg.  in  50  cc.  of  water,  plus 
100  mg.  of  sodium  carbonate,  with  2  g.  of  moist  fibrin  added  to  each  flask,  - 
after  bringing  the  temperature  in  each  case  up  to  40^.  Incubation  was 
continued  until  practically  all  the  fibrin  had  been  digested,  which  re- 
quired the  following  times,  ia  minutes,  in  different  experiments: 

A  8  to  15  minutes,  B  13  to  25,  C  50  to  70,  D  75  to  100,  E  160  to  180,  F  140  to  160. 
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There  is,  therefore,  a  very  great  difference  between  the  different  products 
when  measured  in  this  way,  and  the  findings  vary  with  the  degree  of  dis- 
integration of  the  fibrin  and  the  frequency  with  which  the  flasks  are  shaken 
during  the  digestion.  .Our  fibrin  was  ground  very  fine  in  a  meat  chopper. 
With  large  flakes  the  digestion  is  much  slower. 

The  same  ferments  were  mixed  in  amounts  of  loo  mg.  with  5  g.  of  a 
different  fibrin  in  50  cc.  of  water,  plus  100  mg.  of  sodium  carbonate.  The 
digestions  were  continued  through  3.5  hrs.  at  40°.  At  the  end  of  the  time 
the  contents  of  each  flask  was  slightly  acidified  with  acetic  acid  and  boiled, 
then  filtered.  The  soluble  nitrogen  was  fotmd  in  the  filtrates,  and  was 
as  follows,  corrected  in  each  case  by  the  nitrogen  found  in  a  blank  with 
dead  ferment: 

A  196.3,      B  137.5,      C  126.3,      D  119.3,      E73-^      and  F  119.0  mg. 

Kjeldahl  determinations  on  three  samples  of  the  fibrin  gave  the  amotmt 
of  total  nitrogen  in  5  g.  equal  to  274.4,  278.6,  and  274.4  mg. 

The  results  for  fibrin  A  show  that  about  72%  of  the  substance  had  been 
digested  to  an  advanced  stage,  as  the  neutralization  precipitate  had 
been  filtered  out  here  and  in  the  other  cases.  But  these  results  are  not 
comparable  with  those  of  the  other  digestion;  they  are  given  to  show  the 
practical  difficulty  in  making  such  comparisons  with  fibrin. 

In  another  set  of  digestions  with  5  g.  of  a  fibrin  containing  216  mg.  of 
nitrogen,  and  the  same  amounts  of  ferment  as  before,  we  found  these 
weights  of  soluble  nitrogen,  not  diminished  by  the  neutralization  precipi- 
tate, but  otherwise  corrected.    The  digestions  were  continued  4  hrs.  here: 

A  209.5,      B  204.4,      C  173*9»      I>  148. 4»      E,  100.2,  and  P  I57*i  mg. 

It  appears  that  nearly  the  whole  of  the  fibrin  was  made  soluble  by  Fer- 
ments A  and  B.  Comparing  the  results  with  those  secured  in  the  short 
periods  with  2  g.  of  fibrin,  it  is  evident  that  here  the  major  part  of  the 
digestion  is  completed  in  a  period  much  below  3  or  4  hrs.  The  effect 
of  the  long  digestion  is  to  make  the  weaker  products  appear  relatively 
stronger  and  nearly  as  good  as  the  others. 

To  compare  these  digestion  results  on  fibrin  with  the  milk  and  casein 
tests  we  shall  take  the  first  series  and  reduce  the  results  to  the  basis  of 
milligrams  of  fibrin,  with  about  25%  of  dry  protein,  made  soluble  in  10 
minutes  by  i  mg.  of  ferment.  We  use  the  last  figures  in  each  case,  that  is, 
those  representing  the  longest  digestion  times: 

A  gave  53.2,  B  32.0,  C  114,  D  8.0,  E  4.4,  and  F  5.0  mg.  of  fibrin  for  1  mg.  of 
ferment. 

The  same  general  order  appears  here  as  in  the  other  methods  of  valuation, 
but  the  steps  are  not  separated  by  the  same  distances. 

The  general  relations  for  all  the  methods  are  shown  in  Table  V,  as  fol- 
lows, in  which  the  units  of  comparison  are: 
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(i)  For  the  metacasein  reaction:  parts  of  milk  brought  to  the  onset 
stage  by  i  part  of  ferment  in  5  minutes; 

(2)  Sodium  caseinate  digestion,  Fuld-Gross  method:  milligrams  of 
casein  digested  in  i  hr.  by  i  mg.  of  ferment  to  the  point  where  no  precipi- 
tate is  given  by  the  acetic  add  reagent; 

(3)  The  formaldehyde  titration:  the  relative  amounts  of  alkali  required 
to  neutralize  the  amino  adds  from  i  g.  of  casein  in  2  hrs.  digestion; 

(4)  The  fibrin  digestion:  milligrams  of  fibrin  digested  to  the  soluble 
stage  by  i  mg.  of  ferment  in  10  minutes. 

.  Tablb  V. 

MetacMein        Puld-Cross     Formaldehyde  Fibrin 

Ferment.  reaction.  test.  titration.  digestion. 

A 12500  120  ICO  53.2 

B 3400  80  38  32.0 

C 2050  75  38  II. 4 

D 1520  60  38  8.0 

E 1480  40  36  4.4 

F 1060  55  33  5.0 

This  tabulation  brings  out  clearly  the  lack  of  uniformity  in  the  be- 
havior of  the  six  ferments  in  the  four  reactions.  While  the  tests  agree 
in  showing  approximately  the  position  which  each  ferment  holds  in  the 
series  they  do  not  agree  as  to  relative  quantitative  value.  For  example. 
Ferments  A  and  B  are  far  apart  in  the  first  test  but  not  so  far  in  the  last, 
and  Ferment  F  actually  appears  stronger  than  E  by  two  of  the  tests, 
while  by  the  others  it  is  weaker. 

What  is  the  explanation  of  this?  We  believe  this  must  be  sought  in 
two  directions.  These  pancreas  preparations  are  mixtures  of  several 
ferments  and  among  them  there  are  probably  at  least  two  which  have 
proteolytic  properties.  It  is  the  common  experience  of  manufacturers 
of  ferments  that  the  pancreases  themselves  present  very  cUflFerent  degrees 
of  activity,  and  investigators  have  noted  the  same  fact.*  Further  differ- 
ences are  developed  by  methods  of  extraction  and  activation  employed. 
Some  manufacturers  hold  that  activation  by  the  addition  of  parts  of  the 
intestine  is  necessary  while  others  do  not  make  this  addition  at  all.  The 
proferments  become  activated  in  very  different  degrees  in  this  manner 
and  possibly  some  do  not  become  activated  at  all.  It  is  plain  that  varia- 
tions creep  in  from  the  very  beginning  of  the  manufacturing  treatment, 
and  it  is  inevitable  that  the  finished  products  should  differ,  not  only  quanti- 
tativdy,  but  also  qualitatively.  We  have  no  definite  sdentific  definition 
of  what  trypsin  really  is,  and  we  do  not  usually  take  into  account  that  ap- 
parentiy  fundamental  differences  in  behavior  sometimes  result  from  the 
presence  of  quantities  of  inorganic  salts  in  the  finished  products  of  the 
market.  The  process  followed  by  each  manufacturer  is  a  secret  carefully 
*  Gulewitscfa,  Z.  physiol.  Chem.,  ay,  540  (1899). 
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gtiafd^d;  which  ptmrides  a  situation  that  obMg^i' the  iAv^tig^tor  bf  such 
products  to  work  in  the  dark.  •   ::   i       -  m  t  .  *. 

'  The  differences  in  behavidr  toward  acMs  ^d  t4>^tiEttTl  temperature  ele- 
vation which  have  bfeen  noted  by  different  Wttrkers*  may  probably  be  traced 
to  the  salt  content  of  the  different  f>tie{Md»altimis  dnd  especially  to  the  r^- 
'lilionis' between  the  phosphates  pr^nt;'  TVefind  thkt  in  heating  these 
trypsins  their  behavior  dianges  in  mark^  manner.  In  aqUeons  solution 
they  were  dll  very  sensftive  to  heataiM}  to  devkttcin  of  temperature  to 
60**  for  even  5  minutes  brought  about  great  alterations  in  acme  respects. 
For  the  metacasein  reaction  55**  is  an  excessive  temperature,  as  illustrated 
by  the  following  results  where  the  weights  of  ferments  required  to  bring 
about  the  onset  are  given: 

A  180,      B  80,      C  120,      D  80,      £  160     and  F  160  mg. 
While  the  ferments  are  all  enormously  weakened  the  interesting  fact  is 
shown  that  they  do  not  suffer  at  all  in  the  same  manner.     Some  are  much 
more  thermostable  than  others. 

.  In  the  Fuld-Gross  reaction^  using  all.quiantities  as  employed  in  the  regular 
test,  w^  find  these  digestive  values  for ,  i  hr. ,  incubation,  the  ferments 
having  been  he3.ted  previously  to  55^: 

A  I  to  33,  B  I  to  24,  C  I  to  22,  ,  D  I  to  23»  E  I  to  II  and  F  i  to  15. 
Here,  also,  there  is  exhibited  a  weakening  effect,  but  in  far  less  marked 
degree  than  before.  While  for  A  the  v^lue  in  the  Fuld-Gross  reaction  is 
reduced  fourfold,  in  the  metacasein  reaction  it  is  reduced  forty-fivefold. 
For  the  other  ferment  the  changes  are  in  very  different  degrees.  This 
peculiar  behavior  su^ests  that  different  ferments  are  concerned  in  the 
two  reactions,  the  one  which  is  active  in  digesting  the  casein  being  relatively 
thermostable.  There  are  other  observations  which  suggest  the  presence 
of  a  mixture  of  ferments  in  the  pancreas  preparations  and  in  earUer  work 
we  have  noticed  this  with  reference  to  the  behavior  toward  acids.  That 
a  mixture  of  ferments  must  be  concerned  in  some  of  the  phenomena  ob- 
served has  been  suggested  by  Sorensen'  and  £die.' 

It  was  hoped  at  the  outset  of  the^  investigations  that  it  might  be  found 
■  possible  to  translate  tryptic  activity  as  expressed  in  terms  of  one  standard 
into  terms  of  another  but  this  does  not  appear  likely,  with  our  present 
knowledge,  because  of  the  presence  of  mixtures  of  bodies  with  unknown 
properties  in  the  various  preparations  as  practically  dealt  with.  The 
translation  of  standards  is  possible  in  a  general  way  only,  and  the  tables 
above  gave  some  idea  erf  the  extent  to  which  this  is  possible.  But,  while 
this  hope  of  finding  uniform  relations  can  not  be  realized  at  present^  the 
studies  permit  us  to  make  some  positive  suggestions  as  to  the  necessity 

*  Long  and  Johnson,  This  Journai*.  35, 1 188  (1913);  l^die,  Biockem.  J.,  8, 84  <i9i4). 
2  Biochem.  Z.,  21,  300  (1909). 

•  Loc.  cit. 
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of  having  a  better  understanding  as  to  die  nature  of  the  processes  employbfl' 
in  makkig  our  commerdal  preparations.  Tr3rpsin  must  nlthnately  V^ 
defined  as  a  product  made  in  soine  definite  misUmer  and  as  containhig  6ti' 
zymes  having  definite  effects.  The  trypsin  of  the  physiologist  is  not  tnuc9i 
more  clearly  defined  than  is  the  product  of  the  manufacturer.  In' the 
statement  of  properties  and  behavior  put  out  by  the  latter  there  must  be: 
some  informatioa  conoeming  the  content  of  inorganic  substances  present; 
which  are  doubtless  essential  factors  from  certain  points  of  view.  .A 
statement  of  the  [H]  (or  {OH])  ooncentrattoo  in  aqueous  solution  with  a 
certain  percentage  strength  would  be  of  value  here  and  would  assist  greatly 
in  understanding  the  reactions  referred  to  by  different  authors.  An  illusr 
tration  of  this  is  found  in  the  interesting  experiments  of  E<Me,  referred  ta 
above*  where  the  substratum  was  a  liquid  in  some  of  the  cases  of  ferments^ 
described.  The  ferments  themselves  maxle  up  but  a  small  pcnrtion  of  the 
liquids  used,  but  there  is  no  information  as  to  the  rest  of  the  substance 
present.  Without  such  information  regarding  reaction  or  salts  present 
it  is  not  possible  to  accotmt  for  some  of  the  singular  results  obtained 
with  reference  to  the  behavior  toward  heat  or  acids.  In  our  work  we 
have  avoided  some  of  this  uncertainty  by  employing  relatively  strong 
solid  products,  where  quantities  of  milligrams  only  came  into  play,  but 
we  have  recognized  the  need  of  more  information  even  here.  Below, 
a  suggestion  will  be  made  as  to  how  this  more  definite  information  may  be 
secured. 

Resimie. 

(i)  In  this  paper  a  comparison  of  the  proteolytic  value  of  six  pancreas 
preparations  has  been  made  by  four  distinct  methods,  the  metacasein 
reaction,  a  modification  of  the  Fuld-Gross  reaction,  the  formaldehyde 
titration  of  amino  acids  liberated  in  digestion,  and  the  fibrin  digestion. 
It  was  hoped  to  find  such  relations  as  would  permit  the  translation  of 
activity  as  expressed  on  a  given  standard  in  terms  of  another. 

(2)  By  the  four  methods  the  activities  of  the  six  preparations  are  ar- 
ranged in  the  same  general  order,  that  is,  the  strongest  ferment  by  the  first 
method  is  fotmd  to  be  the  strongest  by  the  others.  For  the  weakest 
preparations  the  order  is  about  the  same. 

(3)  But  the  relative  rank,  quantitatively,  of  the  different  ferments  is 
very  different  as  measured  by  the  different  methods.  While  the  strongest 
ferment  by  the  metacasein  reaction  appears  to  be  about  12  times  the 
strength  of  the  weakest,  and  about  10  times  as  strong  by  the  digestion  of 
fibrin,  by  the  other  tests  the  relation  is  as  2  or  3  to  i.  Even  greater  ir- 
regularities appear  in  comparing  some  of  the  other  ferments. 

(4)  It  is  not  possible  at  the  present  time  to  translate  the  proteolytic 
value  of  a  tryptic  ferment  from  the  terms  of  one  standard  to  the  terms 
of  another,  with  the  products  as  at  present  furnished  by  chemical  or  phar- 
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maceutical  dealers,  because  these  preparations  are  made  by  very  different 
processes  of  extraction,  concentration  or  activation,  which  leave,  probably, 
mixtures  of  ferments  in  widely  different  proporticms  in  the  finished  products, 
and  unknown  amotmts  of  inorganic  salts. 

(5)  There  is  evidence  to  suggest  that  the  products  sold  as  trypsins  or 
pancreatins  contain  at  least  two  different  enzymes  reacting  in  different 
ways  with  proteins.  The  effects  observed  in  any  case  are  mixed  effects 
depending  on  the  proportions  in  which  the  enzymes  are  present.  These 
•cnz3rmes  possess  different  degrees  of  the^^ostabiUty. 

(6)  The  desirability  of  a  more  rational  definition  of  trypsin  is  pointed  out. 
The  definition  should  include  a  statement  of  the  essential  points  of  manu- 
facture and  should  be  authorized  by  some  responsible  body  such  as  a 
pharmacopoeial  revision  committee.  Since  what  is  called  trypsin  is 
prepared  for  the  use  of  medical  men,  these  users  are  entitled  to  the  fullest 
knowledge  concerning  the  composition  and  properties  of  the  product. 
There  is  no  excuse  for  secrecy  here  and  products  should  be  made  to  con- 
form to  interchangeable  standards. 

NoitTBimSTSKN   UNrVSKSlTY   MSDICAL  SCHOOL. 

Chicago.  III. 


[Contribution  prom  thb  Harriman  Rbsbarch  Laboratory,  Roossvblt  HosprrAL, 

New  York.) 

STUDIES  ON  ENZYME  ACTION.    XI.    SOME  EXPERIMENTS 

WITH  CASTOR  BEAN  UREASE. 

Bv  K.  GsoKOS  Falk  and  K.  Suoiuka. 
Received  Anfiwt  5,  1914. 

Takeuchi,'  in  1909,  fotmd  in  soy  beans  an  enzyme,  urease,  capable  of 
hydrolyzing  urea  into  anmionia  and  carbon  dioxide.  Keisel^  and  Zemplen' 
then  showed  that  ureases  are  present  in  a  number  of  plants.  The  action 
of  the  soy  bean  urease  under  various  conditions  was  studied  by  Takeuchi, 
Armstrong  and  Horton,^  Armstrong,  Benjamin  and  Horton,^  and  more 
recently  by  Van  Slyke,  Zacharias,  and  Cullen.*  The  appUcation  of  the 
soy  bean  urease  to  the  quantitative  determination  of  urea  was  first  pro- 
posed by  £.  K.  Marshall,  Jr.^ 

In  view  of  the  interest  which  has  been  developed  in  connection  with  the 
soy  bean  urease  and  its  application  to  analytical  work,  some  experiments 

»  /.  Coll.  Agric.,  Tokyo,  i,  i  (1909)- 
«Z.  physiol.  Chem.,  75,  169  (1911). 

*  Ihid..  79,  229  (1912). 

^  Proc.  Roy.  Soc.  Lond.,  (B)  85,  109  (1912). 
»/Wrf.,  86,  328  (1913). 

*  Proc.  Soc.  Exp.  Biol.  Med.,  11,  155  (1914) 

'  /.  Bid.  Chem.,  14,  283  (1913);  I5>  487,  495  (1913);  I7»  35 1  (1914);  18,  53  (1914) 
(with  D.  M.  Davis).  For  the  quantitative  estimation  of  urea  by  urease,  cf.  also 
Plimmer  and  Skelton,  Biochem.  /.,  8,  70  (i9H)- 
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with  the  urease  which  was  shown  to  exist  in  castor  beans  ^  were  carried 
out  and  will  be  described  in  this  paper. 

Two  castor  bean  preparations  were  used:  Preparation  A,  consisting 
of  ground,  cold  pressed,  castor  beans^  containing  probably  about  5%  of 
oil;  and  Preparation  B,  consisting  of  husk-  and  oil-free  castor  beans,  ground 
to  pass  through  a  40-mesh  sifter.  In  the  experiments,  the  castor  bean 
preparation  was  mixed  with  the  urea  solution  and  water  or  salt  solution 
and  after  about  i  cc.  toluene  had  been  added,  allowed  to  remain  in  the 
incubator  at  38-40°  for  the  length  of  time  indicated.  The  ammonia 
formed  was  removed  by  aeration'  for  two  or  three  hours  after  enough 
2  N  NaOH  solution  had  been  added  to  make  the  mixture  about  i  N 
(with  respect  to  the  NaOH).  The  ammonia  was  absorbed  in  the  usual 
way  in  a  definite  volume  of  standard  sulfuric  acid  which  was  afterwkrds 
titrated  with  standard^  NaOH  solution,  With  alizarin  sulfonic  acid  a^ 
indicator,  ^elihiinajry^  eji^riments  showed  thaf  neither  '  the  incase 
preparations  nor  the  urea  .solutions  eyolvejl  jamt^onia  in  the  a^ji^ti^^with 
normal  NaQH  sQlution  as  described.  The  urea  used  contained  nitrogen 
(Kjeldahl  determinations)  corresponding  to  93.8%  pure  urea,  which 
was  therefore  used  as  the  basis  for  calculating  the  contents  of  the  solu- 
tions. The  detailed  results  of  the  experiments  will  not  be  given  here 
but  only  the  percentage  amoimts  of  urea  hydrolyzed  under  the  conditions 
of  the  experiments.  The  castor  bean  preparations  show  very  much  less 
activity  than  do  soy  bean  preparations,  so  that  the  reactions  were  allowed 
to  run  Considerably  longer  times  than  is  customary  with  the  latter.  For 
instance,  2  cc.  of  a  soy  bean  extract  prepared  according  to  Marshall's 
method,  100  cc.  water,  28.1  mg.  urea,  after  4  hours  gave  13%  hydrolysis, 
while  10  cc.  of  the  filtrate  from  10  g.  of  Preparation  A  and  100  cc.  water, 
with  28.1  mg.  urea  and  5  cc.  water,  after  18  hours  showed  10%  hydrolysis. 
Also,  o.i  g.  husk-  and  oil-free,  groimd,  soy  beans  hydrolyzed  47  mg. 
urea  in  50  cc.  of  water  completely  in  4.5  hours,  while  0.2  g.  Preparation  B 
hydrolyzed  only  3.4%  of  the  urea  under  similar  conditions  in  25  hours. 

In  the  results  which  follow,  the  description  of  the  experiments  will  be 
given  and  then  the  percentage  hydrolyses  of  the  urea. 

Preparation  A,  0.5  g.;  25  cc.  solution;  28.1  mg.  urea;  22  hours. 
Water,  4.5%;  0.002  N  NaOH  solution,  35%;  0.002  N  HCl  solution,   1.3%; 
0.004  ^  solution,  2.5%;  0.004  N  HCl  solution,  i  .0%. 

Dilute  HCl  and  NaOH  solutions  retard  the  action,  the  former  to  a  greater 
extent  than  the  latter.  The  retarding  actions  of  strong  acids  and  alkalies, 
in  more  than  very  small  quantities,  on  the  action  of  the  soy  bean  urease, 
were  studied  by  Takeuchi,  Armstrong,  Marshall,  and  Van  Slyke. 

»  IV  paper  of  this  series.  This  Journal,  3S»  292  (1913)- 
*  Supplied  by  the  Baker  Castor  Oil  Company,  New  York. 

»  Kober,  This  Journal,  30,  113 1  (1908);  3a,  689  (19 10);  Folin  and  Farmer,  J. 
Biol.  Chem.,  12,  499  (1912). 
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Preparatioii  A,  i  g.;  20  oc.  solution;  28.1  mg.  urea;  22  hoftn. 
Water,  12%;  0.004  ^  MnSO*  solution,  10%;  0.075  M  NatHPO*  solution,  14%; 
0.04  Af  MgSOi  solution,  12%;  0.075  M  KHjPO*  solution,  3%;  0.075  M  NaF  solution, 

2%. 

The  disodium  phosphate  exerted  a  small  accelerating  action,  while  the  mag- 
hesium  and  manganous  sulfates  caused  very  little  change.  This  latter 
is  of  interest  in  showing  that  the  hydrolytic  action  of  the  urease  of  castor 
beans  is  different  from  the  hydrolytic  actions  of  the  lipases  of  castor  beans, 
which  are  very  much  accelerated  by  manganous  and  magnesium  sulfates.* 
On  the  other  hand,  the  retarding  influence  of  sodium  fluoride  is  shown  both 
with  the  urease  and  the  lipase.*  Takeuchi  fotmd  a  similar  action  with  the 
soy  bean  urease. 

Preparation  B,  0.5  g.;  15  cc.  solution;  28.1  mg.  urea;  19  hours. 

Water 21%    0.0007  iVNaOH sol. . .  16%    0.007  iNTNatCOi sol...  21% 

0.0007  ^HCls(^..  19%    0.007 iV N«C» sol... .  15%    o.07ifNa«CO|9ol 20% 

o  oo7^HClsc^.. .  10%    a.o7iVNaOHsol t%    Water  -f  1  g.  CnSO^- 

SMyj  NHCXsxA....     6%    o.ooo7i^NaiCOh9Ql.  *  18%        5H^ 1% 

^    .  .  .         Watcr  +  if,P»)(NQO,    3% 

Jl^n.  the  most  dilute  (0.0007  iV)  solutioa3>  the  ,HC1  extorted  a  ^mialler  cetm'd* 
ing  effect  than  the  NaOH;  in  the  more  concentra;ted>  the  i:evei;$^iWi^  the 
Qa^e,  the  actions  then  being  similar  to  those  observe  with,  ^Prepforatioa  A. 
Sodium  carbonate  appeared  to  exert  very  little  influence  oti  thiQ  reaction, 
due,  perhaps,  to  compensating  actions  in  which  accelerating  effects  of 
parb<»i  dioidde,  similar  to  those  observed  by  Armstrong  witfi  thi?  soy  bean 
Mtease,  may  play  a  part.  The  inhibitipg  actions  of  copper  sulfate  and  lead 
pitrate  af e  very  marked  and  similar  to  the  results  obtained,  by  Takeqchi 
with  copper  sulfate  and  soy  bean  urease. 

Fteparation  B,  0.5  g.;  25  cc.  solution;  28. 1  mg.  ureg.;  18  hours.  . 

o.  I  M NatHP04  solution 23%        0.002  M  MnSOi  solution 15% 

0.1  M  KHjPO*  solution 6  0.0$  M  MgS64  solution 18 

o.  I  If  Nal^  solution 5 

The  results  are  similar  to  those  obtained  with  Preparation  A.  No  ex- 
periments with  water  alone  were  carried  out  with  this  series,  but  to  judge 
from  a  number  of  other  experiments,  20%  of  the  urea  would  have  been 
decomposed  with  no  salt  present.  The  slightly  alkaline  disodium  phos- 
phate accelerated  the  reaction,  the  acid  monopotassium  phosphate  re- 
tarded it  almost  as  much  as  did  the  sodium  fluoride,  while  the  manganous 
and  magnesium  sulfates  showed  small  retarding  actions.  That  man- 
ganous sulfate  in  more  concentrated  solution  exerted  considerable  retarda- 
tion is  shown  by  the  following  results: 

Preparation  B,  0.5  g.;  20  cc.  water  (with  added  salt);  28 . 1  mg^  lU'ea;  23  hours. 

No  MnS04.4HiO  added 19%        0.05  g.  MnS04.4HtO  added 10% 

0.005  g.  MnS04.4HiO  added 15  0.04  g.  MnS04.4HiO  added 6 

^  Cf.  V  paper  of  this  series.  This  Journal,  35,  601  (1913)  and  the  references  given 
there. 
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The  f dlowing  tables  show  the  results  obtained  when  the  quantity  of 
urea,  of  water,  and  of  the  duration  of  the  reaction  were  varied. 

Preparation  B,  0.5  mg. ;  100  cc.  water;  duration  of  reaction,  24  and  48  hours; 
amounts  of  urea,  as  stated. 

470  375         '382  188  94  47      mg.  urea 

24hours..     0.8  1.2  1.6  2.5  5.2  ii .  2  %  urea  hydrolyzed 

4Shours..     1.3  1.9  2.6  4.3  8.2  14.8%  urea  hydrolyzed 

For  the  24  hours  reactions,  the  absolute  quantities  of  urea  decomposed 
increased  with  increasing  dilution  of  the  solution  or  decreasing  amounts 
of  urea  present.  For  the  48  hours  actions,  the  absolute  quantities  of 
urea  which  were  decomposed  increased  as  the  dilution  increased,  down  io 
the  concentration  of  188  mg.,  and  then  decreased  on  further  dilution. 
The  percentage  decompo^d,  however,  increased  throughout  with  de- 
creasing concentration.  With  tlie  soy  bean  urease,  Armstrong  and  Hortdli 
found  that  increasing  the  concentration  of  the  urea  retarded  the  reactitm, 
and  Marshall,  that  the  velodtyrio^  hijoipolysis  increased  with  dilution  to 
a  maximum  and>  on  fiirther  difaitioB^  decreaaed* 

Preparation  B;  0.5  g.;  56;5.mg«;  area;  duration  of  usaotion  and  aniouat  of 'Watery 

as  stated.  ...  -        .    r   ,  ■  ..•'..,      ...        >.■    .  ' 

100  cc.     80  cc.       60  cc.      ^0  cc.      20  cc.      zo  .cc.  water 

21  hours..       46679  9%  urea  hydrolyzed 

45  hoiu^. .  '8  II  12  14  14  15%  tirea  hydrolyzed 

69  hours..     13  17  23  25  16  27%  tu-ea  hydPoVised' 

The  amotmt  of  lu-ea  hydrolyzed  is  very  nearly  pi-oportionU  to  the  time  of 
reaction  in  most  of  these  experiments.  Practically  no  difference  is  ob- 
servable between  the  results  for  the  most  concentrated  solutions.  The 
experimtntil/crioi^ii  b6ii4>4ratiVd^/liLr|^  bdie,  Isd  itel>tte  <ial6ilWU^  of 
reaction  velocity  constants  would  'f hhrish  conclusions  of  questionable 
value.  The  relation  between  any  two  of  these  results  does  not  come  out 
clearly,  but  the  trend 'of  the  changes  when  all  of  the  experiments  are  con- 
sidered is  quite  dear.  *         ,    . 

Preparatk>n  B,  0.5  g.;  15  cc.  water;  duration  <^  renctionand  amounit  of  urea/aa 
stated.  .      '  •.  ♦..,,.         i  '■ 

ao      43      68      91     Z15    139    i6a    x87.hpurs    . 

14.  *  mg.  urea 30      70      88      95      95      89  . .  %  urea  hydrolyzed 

2S .  I  mg.  tu-ea 16      39  54      62      65       74       . .  %  urea  hydrolyzed 

56  3  mg.  urea 10      22      29      34      37      43      40  '  44%  urea  hydrolyzed 

With  the  smallest  quantity  of  urea,  the  reaction  proceeded  so  far  that  in 
most  of  these  results  comparison  with  the  rest  is  6ot  feasible.  The  pro- 
ducts of  the  reaction,  as  well  as  the  deterioration  of  the  enzyme  due  to 
long  contact  with  water,  probably  affect  these  results.  These  secondary 
influences  show  themselves  in  the  third  series,  where  the  reaction 
apparently  comes  to  a  stop.  All  that  can  be  said  with  regard  to  these 
results  is  that  for  the  first  two  time  periods,  the  amotmts  of  lu'ea  decomposed 
are  nearly  proportional  to  the  durations  of  action,  but  that  variations 
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occur  for  greater  durations,  due  to  complicating  or  secondary  reactions. 
A  series  of  experiments  was  carried  out  in  which  10  g.  of  Preparation  A 
were  extracted  with  100  cc.  of  solution,  filtered  through  paper,  and  10 
cc.  of  the  filtrates  tested,  each  with  28.1  mg.  urea,  5  cc.  of  added  water, 
for  18  hours. 

Extracting  sol.:  Water,  i  M  NaCl.  0.05  M  MgSOi,  o.i  M  NajHPO*,  0.1  M  KH,P04. 
%  Urea 
hydrolyzed:  10  6  87  1 

Water  extracted  more  tu-ease  apparently  than  the  disodium  hydrogen 
phosphate  solution,  although  the  solid  preparation  tested  directly  with  the 
solutions  showed  greater  activity  with  the  latter  than  with  the  former. 
From  the  previous  results  it  was  to  be  expected  that  the  monopotassium 
phosphate  extract  would  show  little  activity,  and  that  the  other  salt  ex- 
tracts less  activity  than  the  aqueous  fetract. 

Conclusions.  ,        T 

Castor  bean  preparations  hydrolyzed  much  less  ur&A  under  comparable. 

conditions  than  did  similar  soy  bean  preparations.     This  indicates  that 

the  urease  of  castor  beans  is  less  active  than  that  of  soy  beans,  or  that 

less  tu'ease  is  present  in  castor  beans  than  in  soy  beans. 
The  action  of  acids,  bases,  and  salts  on  the  hydrolysis  of  urea  by  castor 

bean  urease  was  studied.    Relations,  similar  to  those  observed  by  others 

with  soy  bean  urease,  were  found. 


[Contribution  prom  thb  Nbvada  Agricui^tural  Expbrimbnt  Station.] 

ENZYMES  PRESENT  IN  ALFALFA.    ALFALFA  INVESTIGA- 
TION, V. 

By  C.  a.  Jacobson  and  Axjovnt  Houisb. 
Received  August  14,  1914. 

The  present  work  is  a  continuation  of  that  begun  by  one  of  us  in  Prof. 
Hedin's  laboratory  in  Uppsala*  on  the  enzymes  present  in  alfalfa  seeds.  ^ 

The  same  general  methods  of  work  there  used  have  been  followed  in 
the  present  investigation,  which  embraces  the  enzymes  of  the  green  as 
well  as  of  the  dried  stems  and  leaves  and  of  the  fresh  roots.  In  addition 
to  the  enzymes  tested  for  and  determined  in  the  seeds,  we  have  included 
three  carbohydrases  not  infrequently  encoimtered  in  juices  and  extracts 
of  plants,  namely,  maltase,  lactase,  and  pectinase.  All  standard  solutions 
employed  in  the  investigation  were  derived  titrimetrically  from  normal 
hydrochloric  acid,  which  had  been  standardized,  gravimetrically,  against 
silver. 

All  experiments  were  run  in  duplicate,  of  which  only  the  mean  will  be 
recorded. 


This  Journal.  34,  1730  (1912). 
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Enzymes  in  the  Dried  Stems  and  Leaves. 

A  water  extract  of  air  dried  and  finely  ground  alfalfa  hay  of  the  same 
quality  as  that  used  in  Alfalfa  Investigation  I^  and  11^  was  prepared  by 
adding  400  g.  water  to  100  g.  of  the  ground  alfalfa,  and  then  Ideating  the 
weU  stirred  mixture  for  two  hours  at  37^,  pressing  out  the  extract  in  a 
small  hand  press  and  filtering  through  a  soft  filter  paper.  The  reddish 
brown  filtrate  was  clear  and  remained  so  for  several  hours,  but  if  allowed 
to  stand  over  night  it  became  cloudy  and  a  light  precipitation  was  found 
at  the  bottom  of  the  containing  vessel.  In  every  experiment  the  clear 
fresh  extract  was  used. 

Lipase. — No  positive  evidence  of  the  existence  of  a  lipase  was  fotmd 
in  alfalfa  seeds  and  it  was  hardly  to  be  expected  that  this  enzyme  should 
exist  in  the  other  parts  of  the  plant,  in  meastiiable  quantity.  This  sup- 
position was  also  sustained  by  the  following  experiments: 

Experimeni  i. — (a)  5  cc.  ethyl  benzoate  -f  25  cc.  extract  +  50  cc  water  -f  a  few 
drops  tduene,  the  mixture  heated  at  37 ",  after  whkh  25  cc.  of  the  liquid  were  with- 
drawn and  titrated  with  0.5  N  NaOH,  giving  3.04  cc.  for  neutralization. 

(6)  5  cc.  ethyl  benzoate  -f  75  cc.  w^ter,  treated  the  same  as  in  (a).  25  cc.  of  this 
mixture  were  then  withdrawn  and  titrated  with  0.5  N  NaOH  giving  o.  10  cc.  for  neu- 
tralization. 

(c)  25  cc.  extract. -f  55  cc.  HtO  digested  and  titrated  like  (fr),  gave  2.38  cc.  0.5  iV 
NaOH. 

The  sum  of  the  titration  values  of  (6)  and  (c)  is  a  little  less  than  (a), 
therefore  a  sUght  saponification  of  the  ester  had  taken  place. 

Experiment  2. — (a)  5  cc.  olive  oil  +  25  cc.  extract  -f  50  cc.  water  were  heated  to- 
gether as  in  Expt.  i  (a).  25  cc.  of  the  resulting  liquid  were  withdrawn  and  titrated 
with  0.5  iV  NaOH,  giving  3.86  cc.  for  neutralization. 

(6)  5  cc.  olive  oil  -f  75  cc-  HtO,  digested  and  titrated  as  in  (a),  giving  0.12  cc.  for 
neutralization.         ^ 

(fc)  +  (c)  of  Expt.  I  gave  a  lower  value  than  (a),  therefore,  a  slight 
saponification  of  olive  oil.  From  these  results  we  conclude  that  there  is  a 
suggestion  of  a  lipase  present  in  the  alfalfa  extract  to  about  the  same 
extent  as  was  fotmd  in  the  seeds. 

Amylase, — It  was  found  that  the  alfalfa  extract  itself  reduced  an  alkaline 
copper  solution,  so  that  this  enzyme  could  only  be  determined  by  ob- 
taining the  difference  of  the  reducing  power  with  and  without  starch. 
No  attempt  was  made  to  extract  and  isolate  the  ferment. 

To  determine  whether  or  not  amylase  was  present  in  the  extract  the 
following  experiment  was  carried  out: 

Experiment  i. — (a)  5  cc.  extract  -f  50  cc.  HiO  -f  lo  cc.  of  a  i  %  starch  solution,  and 
the  mixture  heated  at  60°  for  one  hour,  after  which  it  was  heated  to  boiling  and  fil- 
tered. 

*  This  Journai*,  33?  2048  (191 1) 
^  Ibid.^  34,  300  (1912). 
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(6)  5  cc.  extnUSt-'-^'ds  fcd^WiOfWate^Ufeiti  (a).'  '     ^.'   I 

I  .,(<;)  ,10  ca  sUu"ch  solution  -f  55  cc.  H»P^  also. heated  as  in  (a).         ; 
.     ;The  reducing  sugar  in  the  filtrate  was  detennined  according  to  the  method  of  Ken- 
dall,^ the  copper  being  titrated  with  o.i  N  sodium  thiosulfate,  which  resulted  as  fol- 
lows r    (a)  i6.27  cc.;  (6)    23.86  cc>,  and  <c)  hone,  showing  that  amylase  is  present  in 
Small  kmount.  ,       .     t 

'  Tk6  following  e^eperiment  waSs  carried  out  to  determine  the  diastattc 
poWex^^  of gthfe  extract: 

Experiment  2. — (o)  100  cc.  of  a  1%  starch  solution  +  1  cc.  extratt. 
{h)  \6o  cc.  of  a  I  %  starch  solution  -f  2  cc.  extract. 

(c)  100  cc.  of  a  I  %  starch  solution  +  3  cc.  extract. 

(d)  I  OP  cc.  of  a  1%  starch  solution  +  5  cc.  extract. 

The  above  solutions  were  heated  simultaneously,  one  hour  at  61 "  and  then  the  re- 
ducing sugar  determined  as  above,  giving  for  (a),  20.84  cc.  sodium  thiosulfate  solu- 
tion of  such  a  strength  that  i  cc.  is  equivalent  to  8. 13  milligrams  of  copper;  {b),  48.54 
cc.;  {c),  complete  reduction;  and  (d),  i9-43  cc 

Having  obtained  the  value  of  the  reduction  by  the  pure  extract  in  {d), 
we  are  able  to  find  by  difference  the  reduction  due  to  the  amylase.  This 
gives  (a)  16.95  cc,  and  (6)  40.76  cc.  of  thiosulfate  solution,  or  137.8  mg. 
of  copper  in  (a)  and  331.4  mg.  copper  in  (b).  These  values  of  copper 
are  equivalent  to  120.4  mg.  and  292.3  mg.  of  maltose,  respectively,  making 
the  diastatic  power  24  and  ^z  ^  ^^  ^o  cases,  or  a  mean  diastatic  power 
of  28.5. 

Coagulase, — ^Having  fotmd  this  enzyme  in  the  alfalfa  seed  extract,  it 
was  of  interest  to  learn  if  it  also  occtured  in  the  stem  and  leaves  of  the 
dried  plant.  Fresh  milk  was  taken  and  treated  with  one-tenth  its  volume 
of  a  20%  solution  of  calcium  chloride  and  then  treated  with  the  extract 
as  given  in  the  following  experiment : 

Experiment  i. — (a)  10  cc.  prepared  milk  +  i  cc.  extract. 

(6)    10  cc.  prepared  milk  +  i  cc.  water. 

(c)    10  cc.  prepared  milk  +  0.5  cc.  o.  i  N  acetic  acid. 

{d)  10  cc.  prepared  milk  -h  0.5  cc.  o.  i  iV  n-butyric  acid. 

The  two  latter  representing  an  excess  of  the  amount  of  acidity  developed 
in  I  cc.  of  extract  during  24  hours'  digestion.  The  above  mixtiu"es  were 
then  heated  in  the  incubator  at  37°  for  24  hours  and  the  process  of  change 
watched  from  time  to  time  during  that  period.  No  marked  change  took 
place  and  at  the  end  of  24  hours  the  milk  could  quite  easily  be  poured, 
showing  that  there  is  no  coagulase,  on  the  order  of  rennin,  in  the  alfalfa 
extract. 

Emtdsin, — ^This  enzyme  is  determined  by  its  power  of  splitting  up  the 
glucoside  amygdaline  into  glucose,  benzaldehyde  and  hydrocyanic  acid 

^  This  Journal,  34»  3I7  (1904)- 

*  If  I  cc.  of  amylase  solution  develops  maltose  equivalent  to  500  mg.  of  copper 
when  digested  with  100  cc.  of  a  i^  starch  solution  it  is  said  to  have  a  diastatic  power 
of  100. 
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and  the  estimation  of  any  one  of  the  decomposition  products.  Whether 
or  not  the  ens^rme  is  si  typical  amygdalase  contaaning>  hydroxynitrilase 
and'  yielding  mandelonitrile  ghiooside  a&an  intermediate  product.,  we  did 
not  consider  of  sufficient  importance  for  the  present  investigation.  We 
at  first  attempted  to  determlnie»the  emnlsin  by  titrating-  with  iodine,  the 
hydrocyanic  acid  generated,  but  were  obliged  to  abandon  this  procedure 
for  the  reason  that  the  extract  itself  absorbs  considerable  quantities  of 
iodine.  The  determination  of  the  glucose  was  therefore  resorted  to,  and 
the  results  given  in  the  following  epcperiments: 

Experiment  j. — (a)  25  cc.  extract  -f  0.25  g.  amygdaline  -f  25  cc.  HjO. 

(b)  25  cc.  extract  -f  25  cc.  HjO. 

(c)  0.25  g.  amygdaline  +  25  cc.  HjO. 

{d)  0.05  g.  Merck's  emulsin  -f  0.25  g.  amygdaline  -f  25  cc.  H2O. 
An  four  portions  digested  for  24  hours  at  37**  and  the  reducing  power  of  5  cc.  of  the 
supernatant  liciuid  used  for  the  determinations,  which  resulted  as  follows: 

(a)  16 .  20  cc.  sodium  thiosulfate  solution  were  required  to  titrate  the  reduced  cop- 
per,    (b),  10.60  cc;  aad  (d),  3.22  cc.     In  (c)  there  was  no  reduction. 

These  results  are  not  quantitative  in  character,  but  suffice  it  to  say,  that 
emulsin  is  present  in  considerable  quantity  in  the  dried  leaves  and  stems 
of  alfalfa. 

Ifwertase. — ^To  determine  the  presence  of  invertase  the  following  ex- 
periments were  carried  out: 

Experiment  i. — (a)  2  cc.  of  10%  cane  sugar  solution  -f  5  cc.  extract  -f  50  cc.  HjO. 

(b)  5  cc.  extract  -f  52  cc.  HjO. 

(c)  2  cc.  — 10%  cane  sugar  solution  -f  5  cc.  o. 2  N  HCl  -f  50  cc.  HjO. 
{d)  2  cc.  10^  cane  sugar  solution  -f  0.83  cc.  0.2  N  HCl  -f  50  cc.  HtO. 
(e)  5  cc.  extract  -f  5  cc.  0.2  iNT  HCl  -f  50  cc.  H,0. 

The  above  solutions  were  heated  for  24  hours  in  the  thermostat  at 
37®  and  then  brought  to  boiling  and  filtered.  The  reducing  sugar  in  the 
filtrate  was  determined  by  Kendall's  method.  By  a  previous  experiment 
it  was  fotmd  that  5  cc.  of  the  extract  heated  tmder  the  same  conditions 
developed  an  acidity  equivalent  to  0.83  cc.  0.2  N  HCl  and  hence  the  reason 
for  the  (d)  part  of  the  experiment.  In  terms  of  cubic  centimeters  of 
standard  thiosulfate  solution,  the  reducing  sugar  obtained  from  the  above 
solutions  was  found  to  be 

(a) — ^57 .51  cc. ;  (b) — 25 .  14  cc. ;  (c) — ^35 .21  cc. ;  (d) — 23 .00  cc. ;  (c) — 24 .  18  cc. 
It  is  seen  that  the  value  of  (a)  is  larger  than  the  sum  of  (b)  and  (d)  which 
indicates  the  presence  of  invertase.    From  part  (c)  we  see  that  even 
5  cc.  0.2  N  HCl  does  not  produce  as  large  an  inversion  of  cane  sugar  as 
the  same  volume  of  alfalfa  extract. 

It  was  then  decided  to  try  the  action  of  the  enzyme  in  neutral  solution 
and  the  following  experiment  carried  out: 

Experiment  2. — (a)  2  cc.  10%  cane  sugar  solution  -f  5  cc.  extract  -f-  50  cc.  HtO  -f 
excess  of  powdered  CaCOs. 

{b)  5  cc.  extract  -f  52  cc.  H2O  -f  excess  of  powdered  CaCOj. 
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The  titration  oi  the  reduced  copper  in  presence  of  an  excess  of  potassium 
iodide  resulted  as  follows:  (a)  42.50  cc.,  and  (b)  22.30  cc.  so(fium  thio- 
sulfate  soluticm,  showing  that  an  active  invertase  is  present  in  neutral 
solution  ot  the  alfalfa  extract. 

Peroxidase. — ^The  tests  for  oxidases  and  peroxidases  were  carried  out 
as  follows: 

Experiment  i. — (a)  i  g.  pyrogallol  +  i  cc.  extract  +  10  cc.  of  a  1%  HjOj  solution 
diluted  to  50  cc.  with  water. 

(b)  Same  as  (a),  except  no  HiOs*  also  diluted  to  50  cc.  There  was  no  change  in 
(a)  or  (6)  even  after  standing  over  night. 

Experiment  2. — (a)  A  guaiacUm  emtdsion,  obtained  by  dissolving  a  small  amount 
of  gum  guaiacum  in  alcohol  and  adding  water  until  a  cloudiness  appeared;  +  i  cc. 
extract  +  3  cc.  of  a  3%  solution  of  HsOs  and  the  mixture  diluted  to  10  cc.  with  water. 

{h)  Same  as  (a),  without  the  HsOs.  also  diluted  to  10  cc.  A  bluish  precipitate  de- 
veloped in  (a)  after  standing  for  a  few  minutes,  which  became  heavier  upon  longer 
standing.  There  was  no  change  in  (6)  until  next  morning  when  a  very  light,  bluish 
precipitate  had  settled  out. 

These  experiments  go  to  show  that  no  oxidase,  but  an  extremely  small 
amount  of  a  peroxidase  is  present  in  the  alfalfa  extract.  No  test  could 
be  made  with  cresol  for  lack  of  this  reagent. 

Maltose, — ^To  investigate  whether  maltase  was  present  or  not  the  follow- 
ing method  was  employed:    The  optical  activity  of  a  maltose  solution 
was  observed  before  and  after  digesting  with  a  portion  of  the  extract. 
Experiment  1. — (a)  Rotation  of  a  2%  maltose  solution,  +  2 .54*. 
(h)  Rotation  of  a  mixture  of  50  cc.  of  2%  maltose  solution  +  locc.  extract  before 
digestion,  -f  2.o5^ 

(c)  Rotation  of  same  mixture  as  (6),  which  had  been  digested  24  hours  at  37^,  + 

I.84^ 

The  change  in  rotation  is  so  sUght  that  we  would  scarcely  be  justified 
in  saying  that  maltase  is  present  in  the  extract. 

Lactase. — Experiment  i. — (a)  The  rotation  of  a  2%  lactose  solution  was  found  to 
be  -f  I.03^ 

(h)  Rotation  of  a  mixture  of  50  cc.  2%  lactose  solution  +  10  cc.  extract  before 
digestion,  -f  i  .oI^ 

(c)  Rotation  of  the  same  mixture  as  (6)  after  digesting  for  24  hours  at  37  ** ,  +0.89  *. 

The  small  change  in  rotation  would  scarcely  warrant  the  statement 
that  a  lactase  is  present. 

Pectinase, — ^A  good  grade  of  pectin  was  prepared  from  dried  pears  by 
the  following  method :  About  4  potmds  of  dried  |>ears  were  passed  through 
a  meat  chopper  and  soaked  in  enough  water  to  cover  the  same,  for  about 
14  hours  at  room  temperatiure,  and  the  resulting  infusion  separated  by 
decantation  and  pressing  and  finally  filtration.  The  clear  amber  colored 
filtrate  was  freed  from  calcium  and  albuminates  by  precipitating  with 
oxalic  acid  and  tannin  and  the  solution  again  filtered.  It  was  then  con- 
centrated on  the  water  bath  to  about  one-third  of  its  original  volume 
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and  after  cooling  to  the  room  temperature  the  pectin  was  precipitated 
by  adding  gradually,  with  constant  stirring,  three  to  four  volumes  of 
95%  alcohol.  The  thick,  gelatinous  precipitate  was  separated  by  filtering 
through  an  ordinary  filter  paper.  As  this  was  a  very  slow  process,  the 
filtration  was  arranged  to  proceed  over  night  and  the  following  day. 
The  small,  brown  and  homy  looking  material  left  in  the  filter  papers, 
was  then  dissolved  in  a  small  quantity  of  water  and  the  precipitation 
with  95%  alcohol  repeated.  The  process  was  repeated  four  times  after 
which  the  gelatinous  precipitate  resulting  was  almost  a  pure  white,  but 
when  dry  it  was  dark,  and  its  properties  suggested  dried  glue,  although 
the  pectin  was  not  quite  so  elastic. 

An  equal  volume  of  extract  was  added  to  a  2%  solution  of  this  pear 
pectin.  The  mixture  gelatinized  almost  instantaneously,  showing  .th^ 
presence  of  a  pectinase  in  considerable  quantity  in  the  water  extract  of 
dry  alfalfa  hay. 

Protease. — In  the  paper^  already  referred  to,  the  discovery  of  a  pepto- 
lytic  enzyme,  on  the  order  of  vegetable  erepsin,  in  alfalfa  seed,  is  recorded; 
but  this  i»rotease  is  not  a  peptonizing  one  like  pepsin.  It  was,  therefore, 
of  considerable  interest  whether  or  not  the  presence  of  a  similar  enzyme 
could  be  confirmed  in  the  extract  of  the  dried  plant. 

Digestion  experiments  were  set  up  with  extracts  on  egg  albumin,  serum 
albumin,  and  fibrin,  similar  to  those  carried  out  on  the  seeds,  the  results 
in  every  case  turning  out  negative. 

The  following  experiments  were  then  arranged  to  see  if  casein  and 
Witte  peptone  could  be  digested  with  the  extract.  Solutions  of  these 
modified  proteins  were  prepared  exactly  as  specified  in  the  paper  just 
mentioned,  with  the  exception  that  the  casein  solution  required  only 
9.5  cc.  N  NaOH  for  neutrality  to  litmus  instead  of  10  cc. 

Experiment  1. — (a)  25  cc.  extract  -f  50  cc.  casein  solution  -f  i  cc.  toluene. 

(6)  25  cc.  extract  +  50  cc.  water  H-  i  cc.  tohiene. 

(c)  50  cc.  casein  solution  -f  25  cc.  water  -f  i  cc.  toluene. 

{d)  25  cc.  (boiled)  extract  -f  50  cc.  casein  solution  -f  i  cc.  toluene. 

(«)  25  cc.  (boiled)  extract  -f  50  water  +  i  cc.  toluene. 

The  above  mixtures  were  digested  24  hours  at  37°,  after  which  25  cc. 
of  the  supernatant  liquid  of  each  were  withdrawn,  50  cc.  water  and  10  cc. 
neutral  formol  phenolphthalein  solution*  added  to  each  and  the  mixtures 
titrated  with  0.2  N  NaOH  solution,  resulting  as  follows:  (a)  6.47  cc., 
(6)  2.72  cc.,  {c)  1.22  cc,  (d)  3.30  cc,  and  {e)  2.35  cc. 

Experiment  2. — (a)  25  cc.  extract  -f  50  cc.  2%  peptone  solution  -f  i  cc.  toluene. 
(6)  25  cc.  extract  -f  50  cc.  water  H-  i  cc.  toluene. 
{c)  25  cc.  water  H-  50  cc.  peptone  solution  -f  i  cc.  toluene. 
»  This  Journal,  34,  1734  (1912). 

*  Made  by  adding  i  cc.  of  a  i  %  alcoholic  phenolphthalein  solution  to  50  cc.  of  a 
40%  formaldehyde  solution  and  titrated  to  a  faint  pink  with  0.5  iV  NaOH. 
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(d)  25  cc.  (boiled)  extract  -f  50  cc.  peptone  solution  +  i  cc.  toluene. 

(e)  25  cc.  (boiled)  extract  +  50  cc.  water  +  i  cc.  toluene. 

The  mixtures  digested  and  titrated  as  in  Expt.  i,  with  the  following 
results:  (a)  5.82  cc.,  (6)  2.70  cc.,  (c)  1.80  cc,  (d)  4.31  cc.,  and  (e)  2.33  cc. 
These  two  experiments  go  to  show  that  the  extract  of  the  dried  alfalfa 
as  well  as  that  of  the  seeds,  contains  a  protease  capable  of  splitting  up 
both  casein  and  peptone. 

Reaction  Influence, — Experiments  were  arranged  to  determine  whether 
or  not  the  action  of  the  protease  would  be  influenced  by  an  acid  or  alkaline 
solution,  which  wa3  found  to  be  th^  case  with  the  se^  protease. 

Experiment  /. — (a)  25  cc.  extract  +  50  cc.  HjO  +  (toluene). 

(b)  25  cc.  extract  +  50  cc.  casein  solution  +  (toluene). 

{c)  25  cc.  extract  -f  50  cc.  casein  solution  +  0.5  g.  sodium  carbonate. 
(d)  25  cc.  extract  +  So  cc  casein  solution  +  Na«COt  to  make  a  0.5%  solution. 
{e)  25  cc.  extract  +  50  cc.  caadn  solution  +  Na«CO^  to  make  a  i  .0%  sdlutiOtt. ' 
(/)  25  cc.  extract  +  50  cc.  casein  solution  +  NatCOs  to  make  a  2%  solutkii. 

(f )  25  cc.  vater  +  50  cc.  extract. 

The  mixtures  were  digested  for  24  hours  at  37^,  after  which  the  cal- 
culated amotmt  of  N  HCl  ^wbs  added  to  neutralize  tiie  NaiCQt  in  eteh 
portion,  and  the  liqtiids  titrated  as  before,  riialdng  due  allowance  for  tke 
volume  change  upon  neutralization  of  the  carbonate,  {a)  gave  1.56  cc. 
of  0.2  N  NaOH,  (*)  3.42  cc.,  (c)  4.97  cc.,  (d)  4.82  cc.,  (e)  5.29  cc.,  (;/)  7-5i 
cc.,  and  (g)  1.39  cc.,  showing  tiiat  an  alkaline  m^ium  favors  the  digestibn 
of  casein. 

Experiment  2. — {a)  25  cc.  extract  H-  50  cc!  c^isein  soliition  -f  HC!  to  0.05'%  sdluiion. 
(h)  25  cc.  extract  +  50  cc.  casein  solution  4-  HO  to  make  a  cr^solatiod. 

(c)  25  cc.  extract  4*  50  cc.  casein  solution  4-- HCl  V>  make  a  o.^%^3oltttion. 
id)  25  cc.  extract  4*  50  cc,  casein  solution  +  HCl  to  make  a  0.3%  solution. 
{e)  25  cc.  extract  -f  50  cc.  casein  solution  +  HCl  to  make  a  0.4%  solution. 

The  digestions  were  carried  out  imder  the  same  conditions  as  those 
above  and  then  the  added  HCl  exactly  neutralized  with  N  NaOH  and 
the  formol  titration  carried  out  in  the  usual  manner,  giving  for  (a)  2.36  cc. 
0.2  A^  NaOH,  (i>)  2.16  cc.,  (c)  2.1 1  cc.,  (d)  1.84  cc.,  and  {e)  1.67  cc.,  showing 
that  an  acid  solution  acts  unfavorably  upon  tiie  digestion  of  casein,  which 
was  likewise  the  case  with  the  seed  protease. 

Influence  of  Albumin  in  the  Digestion  of  Casein  and  Peptone. 

It  was  fotmd  that  the  presence  of  small  amounts  of  egg  albumin  or 
serum  in  the  digestion  liquid  of  seed  protease  inhibited  the  action  of  the 
enzyme  upon  both  casein  and  peptone,  and  therefore  experiments  were 
carried  out  to  learn  if  the  action  of  the  plant  protease  is  similarly  inhibited. 

Experiment  i. — (a)  25  cc.  extract  +  10  cc.  HiO  +  50  cc.  casein  solution  and  the 
mixture  titrated  at  once. 

(b)  25  cc.  extract  +  10  cc.  HiO  +  50  cc.  casein  solution  digested  at  37**  for  24 
hours. 
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(c)  25  cc.  extiBct  +  50  cc.  casein  solution  +  locc.  albumin  solution  (made  by  dis- 
solving the  white  of  one  hen's  egg  in  z  liter  of  water)  and  the  mixture  titrated  at  once* 

(d)  25  cc.  extract  +  50  cc.  casein  solution  +  10  cc.  albumin  solution  digested  for 
24  hours  at  37  ®. 

(e)  25  cc.  extract  +  10  cc.  albumin  solution  mixed  and  left  in  contact  for  one-half 
hour  at  room  temperature,  then  50  cc.  casern  sol.  added,  and  the  mixture  titrated  at 


(/)  Same  as  (e)  except  after  adding  the  casein  the  mixture  was  digested  24  hours 
at  37*. 

(g)  25  cc.  extract  -f  10  cc.  albumin  solution  allowed  to  act  together  for  2  hours  at 
room  temperature,  then  50  cc.  casein  solution  added,  and  the  mixture  titrated  at  once. 

(h)  2$  cc.  extract  +  xo  cc.  albumin  solution  left  2  hours  at  room  temperature,  then 
50  cc.  casein  solution  added  and  mixture  digested  at  37  ^  for  24  houxB  and  titrated. 

(«')  25  cc.  extract  +  10  cc.  albumin  solution  left  in  contact  at  room  temperature 
2 1  hours,  then  50  cc.  casein  solution  added  and  the  mixture  titrated  at  once. 

(j)  Same  as  (t),  except  after  adding  casein  the  mixture  was  digested  for  24  hours 
at  37^  and  then  titrated. 

Results  of  Titrations. — (c)  2.93  cc.  0.2  N  NaOH,  (b)  3.36  cc.,  (c)  2.93  cc.,  (d) 
3.20  cc.,  (e)  2.94  cc.,  (/)  3.19  cc.,  (g)  2.91  cc.,  (h)  3.14  cc.,  (t)  2.97  cc.,  (j)  3.05CC., 
showing  a  small  but  definite  inhibitory  action  of  the  albumin  upon  the  casein  digestion, 
which  is  proportional  to  the  time  of  action. 

Experiment  2. — (a)  25  cc.  extract  +  10  cc.  HjO  +  50  cc.  2%  peptone  solution  ti- 
trated at  once. 

%  25  cc  extiact  +  10  oc.  H^  +  50  cc.  peptone  scrfutkn  heated  24  bour6at37^ 
and  then  titrated. 

(c)  25  cc.  extract  +  10  cc.  albumin  solution  +  50  cc.  peptone,  titrated  at  once. 

(iQ  25  cc.  extract  +  10  cc.  albumin  solution  +  50  cc.  peptone,  heated  24  hours  at 
37^  and  then  titrated. 

(tf)  25  cc.  extract  +  10  cc.  albumin  solution  left  at  room  temperature  for  one-half 
hour  and  then  50  cc.  peptone  added,  and  the  mixture  titrated  at  once. 

(/)  25  cc.  extract  +  10  cc.  albumin,  left  at  room  temperature  for  one-half  hour, 
then  50  cc  peptone  added,  digested  at  3?"*  te  24  hours  and  titrated. 

(g)  Same  as  (e)  exoept  extxact  and  albumin  left  for  2  hours  at  room  temperatuse. 

{h)  Same  as  (/)  except  extract  and  albumin  left  for  2  hours  at  room  temperature. 

(0  Same  as  (e)  exoept  extract  and  albumin  left  together  for  24  hours  at  room  tem- 
perature before  adding  the  peptone. 

(j)  Same  as  if)  except  extract  and  albumin  left  together  for  24  hours  at  room  tem- 
perature. 

The  formal  titrations  resulted  as  follows:  (a)  3.10  cc.  0.2  N  NaOH,  ih)  4.24  cc, 

(C)3.09CC.,  (1O4.22CC.,  {e)  3.12  cc,  (/)4.2I  cc,  (g)  3.05  cc,  (A)4.22CC,  (i)  3.!20CC., 

{fi  4.24  cc,  showing  that  egg  albumin  does  nofc  perceptibly  inflnenoe  the  digestion  of 
peptone  by  alfalfa  protease. 

A  series  of  experiments  were  then  run  to  determine  whether  the  time 
or  the  temperature  plays  the  greater  influence  in  the  inhibition  of  plant 
protease  on  casein  by  egg  albumin,  but  it  would  seem  unnecessary  to 
re(»oduce  this  mass  of  detail.  The  results  all  pointed  to  the  conclusion 
that  it  is  the  time  of  action  and  not  the  temperature  that  determines  the 
extent  of  inhibition. 

Enz]riiies  in  the  Fresh  Alfalfa  Plant  (Stem  and  Leaves). 

Young  growing  plants  were  collected  and  ground  to  a*  fine  pulp  in  a 
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meat  chopper,  and  after  stirring  it  up  with  an  equal  volume  of  water, 
the  mixture  was  allowed  to  stand  for  2  hours  at  a  temperature  of  37*^, 
after  which  the  extract  was  pressed  out  and  filtered.  The  filtrate  was 
clear  and  of  an  amber  brown  color.  Methods  identical  with  the  foregoing 
were  employed  for  the  determinations,  except  in  the  determination  of  the 
reducing  sugars,  in  which  cases  the  cuprous  oxide  was  titrated  by  means 
of  the  ferric  sulfate  and  permang^ate  method.  This  method,  however, 
is  not  to  be  recommended  for  such  work.  The  iodometric  copper  method 
of  Kendall  is  to  be  preferred. 

Lipase. — Experiment  i. — (a)  5  cc.  ethyl  benzoate  +  25  cc.  extract  +  50  cc.  HfO. 

(b)  25  cc.  extract  +  50  cc.  HiO. 

(c)  5  cc.  ethyl  benzoate  +  75  cc.  HiO. 

(d)  5  cc.  dive  oil  -f  25  cc.  extract  +  50  cc.  HjO. 

(e)  5  cc.  olive  oil  +  75  cc.  HiO. 

The  titration  values  are  as  follows:  (0)3.29  cc.,  (6)  2.93  cc.,  (c)  o.iicc., 
(d)  3.15  cc.,  (e)  0.05  cc.,  showing  tiiat  there  is  a  small,  but  appreciable, 
amount  of  lipase  present. 

Amylase. — Eperiment  i. — (a)  5  cc.  extract  -f  10  cc.  starch  solution  -f  50  cc.  H^. 

(b)  5  cc.  extract  -h  60  cc.  H,0. 

(c)  10  cc.  stardi  solution  -f  55  cc.  water. 

The  number  of  cubic  centimeters  oi  permanganate  required  for  the 
precipitated  cuprous  oxide  were  found  to  be:  (a)  17.41  cc.,  (b)  15.09 cc., 
and  (c)  none.    Therefore,  a  small  amotmt  of  amylase  is  present. 

Coaguluse. — Experiment  1. — (a)  10  cc.  prepared  milk  -f  i  cc.  extract. 

(b)  10  cc.  milk  +  i  cc.  water. 

(c)  10  cc.  milk  +  0.37  cc.  o.  I  N  acetic  acid. 

(d)  10  cc.  milk  +  0.37  cc.  o.i  N  butyric  add. 

Results:  (a),  coagulated  to  a  firm  mass  in  seven  hours,  whereas  the 
others  remained  practically  unchanged,  showing  that  a  coagulase  on  the 
order  of  rennin  is  present. 

Emulsin. — Experiment  i. — (a)  5  cc.  extract  -f  5  cc.  of  a  5%  amygdaline  solution 
-f  50  cc.  H,0. 

(6)  5  cc.  extract  +  55  cc.  HtO. 

(c)  5  cc.  amygdaline  solution  +  55  cc.  HsO. 

(d)  5  cc.  amygdaline  solution  +  5  cc.  of  a  0.5%  emulsin  solution  +  50  cc.  HiO. 

The  number  of  cubic  centimeters  of  permanganate  required  for  the 
cuprous  oxide  is  as  follows:  (a)  28.53  CC'»  W  ^5-30  cc.,  (c)  i.io  cc.,  and 
(d)  39*34  cc.  The  results  indicate  that  emulsin  is  present  in  the  fresh 
plant  to  a  marked  degree. 

Invertase. — Experiment  i. — (a)  2  cc.   10%  cane  sugar  solution  +  5  cc.  extract  + 
50  cc.  HfO. 

(6)  5  cc.  extract  +  52  cc.  HtO. 

(c)  2  cc.  sugar  solution  -f  55  cc.  HjO. 

(d)  2  cc.  sugar  -j-  2  cc.  0.2  N  HQ  -f  50  cc.  HjO. 

(e)  2  cc.  sugar  +  5  cc.  extract  +  50  cc.  HtO  +  (powdered)  CaCOj. 
(J)  Sec.  extract  +  52  cc.  HjO  +  (powdered)  CaCOi. 
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Results:  (&),  developed  an  acidity  of  1.91  cc.  0.2  N  NaOH.  The  titra- 
tions with  pennanganate  were  (a)  51.41  cc.,  (6)  15.10  cc.,  (c)  no  reduction, 
(</)  21.96  cc.,  (e)  21.45  cc.,  and  (/)  13.18  cc.,  which  indicate  the  presence 
of  invertase  in  small  amount. 

Peroxidase. — Experiment  i. — (a)  i  g.  pjrrogaUol  +  10  cc.  of  a  1%  solution  of  HfOa 
-h  I  cc.  extract,  diluted  to  50  cc.  with  water. 

(b)  Same  as  (a)  but  without  hydrogen  peroxide. 

(c)  Guaiacum  emulsion  +  1  cc.  extract  -f  3  cc.  of  a  $%  Had  solution  +  water  to 
10  cc. 

(d)  Same  as  (c),  but  without  the  HsOs. 

(e)  a-Naphthol  -f  i  cc.  extract  -f  i  cc.  3%  HjOi  -f  H2O  to  10  cc. 

(f)  Same  as  (e)  but  without  the  HsOs. 

Results:  (a),  immediately  assumed  a  yellowish  brown  color,  and  in  a  few 
minutes  a  heavy  brown  precipitate  appeared.  In  (6)  no  change,  (c) 
developed  the  characteristic  bluish  precipitate  at  once,  (d)  no  change  for 
a  long  time,  (e)  a  violet  colored  precipitate  settled  out  in  a  few  minutes, 
(J)  remained  unchanged.  All  these  facts  point  to  the  presence  of  a  per- 
oxidase but  not  to  an  oxidase. 

Pectinase. — ^The  test- for  this  enzyme  with  pectin  from  pears  gave  a 
more  positive  result  than  with  the  extract  of  the  dry  alfalfa. 

Protease  {Casein  Digestion). — Experiment  i. — (a)  25  cc.  extract  -h  50  cc.  casein  sdu- 
tton. 

(b)  25  cc.  water  -f  50  cc.  casein  solution. 

(c)  25  cc.  extract  +  50'  cc.  water. 

(d)  25  cc.  extract  (boiled)  +  50  cc.  casein  solution. 

After  digestion  the  formol  titration  resulted  in :  (a)  6.80  cc.  0.2  N  NaOH,  • 
(6)  1. 3 1  cc.,  {c)  2.95  cc.,  (d)  4.18  cc.,  which  brings  out  the  fact  that  a  stronger 
casein  digesting  ferment  is  present  in  the  fresh  than  in  the  dried  plants. 

{Peptone  Digestion.) — Experiment  2. — (c)  25  cc.  extract  4-  50  cc.  peptone  solution. 

{b)  25  cc.  extract  -h  50  cc.  HtO. 

{c)  25  cc.  water  +  50  cc.  peptone  solution. 

{d)  25  cc.  (boiled)  extract  -f  50  cc.  peptone  solution. 

Titrations  were  as  follows:  (a)  7.07  cc.  0.2  N  NaOH,  (6)  3.29  cc,  {c) 
1.78  cc.,  (d)  4.61  cc.,  showing  that  peptone  is  easily  digested  by  the  enzyme. 

(Egg  Albumin  Digestion.) — Experiment  3. — (a)  25  cc.  extract  -h  50  cc.  albumin 
solution. 

{b)  25  cc.  extract  -f  50  cc.  H|0. 

{c)  25  cc.  HtO  -h  50  cc.  albumin  solution. 

The  titrations  resulted  as  follows:  (a)  3.15  cc,  (6)  3.17  cc,  (c)  0.12  cc. 
These  results  show  conclusively  that  the  protease  in  question  is  unable 
to  digest  albtmiin,  and  therefore  not  a  peptonizing  enzyme. 
Enzymes  in  the  Fresh  Alfalfa  Root. 

Fresh  alfalfa  roots  were  dug  and  grotmd  up  in  a  meat  chopper,  treated 
with  water,  digested  for  a  short  time  at  37°,  and  the  extract  pressed  out 
and  filtered.    The  clear  filtrate  was  used  for  the  following  experiments: 
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Lipase. — Experiment  i. — (o)  25  cc.  extract  -f  a  cc.  ethyl  benzcNite  -f  50  cc.  H^O. 

{h)  25  cc.  extract  -f  52  cc.  HjO. 

(V)  2  cc.  ethyl  benzoate  +  75  cc.  HjO. 

[d)  25  cc.  extract  +  2  cc.  olive  oil  +  50  cc.  HjO. 

ie)  2  cc.  olive  oil  -j-  75  cc.  HjO. 

The  titration  with  0.2  N  NaOH  resulted  in  the  following  values:  (o) 
2.48  cc,  (6)  2.24  cc.,  (c)  0.07  cc,  (d)  2.26  cc,  {e)  0.08  cc,  indicating  that 
lipases  are  absent. 

Amylase. — Experiment  j. — (a)  5  cc.  extract  +  10  cc.  starch  solution  +  50  cc.  HjO. 
{h)  5  cc.  extract  +  60  cc.  HfO. 
(c)  10  cc.  starch  -f  55  cc.  HjO. 

In  these  experiments  the  reduced  copper  was  determined  iodometrically 
and  the  titrations  with  sodium  thiosulfate  resulted  as  follows:  (a)  7.20  cc., 
Q>)  5-^5  cc,  {c)  no  reduction,  showing  tiiat  amylase  is  present  although  to 
a  less  extent  than  in  the  stems  and  leaves. 

Coagulase. — ^Identical  experiments  with  those  under  coagulase  in  the 
foregoing  section  were  set  up  and  after  digesting  the  mixtures  for  5  houis 
at  37  °,  a  thickening  of  the  milk  in  tube  (a)  was  observed,  whereas  the  milk 
in  the  other  tubes  remained  undianged.  This  points  to  the  presence  of  a 
coagulase  in  the  root  extract  also. 

Emulsin. — Bxperiments  were  run  on  the  root  extract  corresponding 
to  (a),  (b)  and  (c)  in  the  foregoing  section,  and  after  heating,  the  thio- 
sulfate titration  resulted  as  follows:  (a)  7.13  cc,  (6)  5.80  cc,  (c)  no  re- 
duction.   Emulsin  is  present  in  very  small  amount  in  the  roots. 

Invertase. — Experiment  i. — (a)  2  cc.  cane  sugar  solution  +  5  cc.  extract  +  50  cc. 

'h,o. 

{b)  2  cc.  sugar  solution  +  55  cc.  HjO. 

(f )  2  Cc.  sugar  solution  -f  2  cc.  0,2  JV^  HGl  -f  50  cc.  HiO. 

{d)  5  cc.  extract  +  52  cc.  HjO. 

{e)  2  cc.  sugar  solution  +  i  cc.  0.2  iV  HCl  -f  50  cc.  HaO. 

The  thiosulfate  titrations  resulted  as  follows:  (a)  10.01  cc,  (6)  no  re- 
duction, {c)  22.76  cc,  (d)  5.80  cc,  {e)  12.40  cc.  Invertase  is  thus  present 
to  a  limited  extent  and  neafly  equivalent  to  i  cc  of  0.2  N  HCl. 

Peroxidase. — ^The  same  experiments  as  (a),  (fr),  {c)  and  (d),  df  the 
foregoing  section  were  carried  out  using  root  extract.  The  results  may  be 
given  as  follows:  (a),  formed  a  heavy  brown  precipitate  immediately; 
(6),  remained  unchanged;  (c),  developed  a  deep  blue  precipitate  immedi- 
ately; while  (d),  remained  tmchanged  for  several  hours.  These  results 
indicate  that  peroxidases  are  present  in  the  roots  to  a  larger  degree  than  in 
the  stems  and  leaves,  but  no  oxidases  are  present. 

Pectinase, — ^The  results  of  the  pectinase  tests  on  the  root  extract  resulted 
positive. 

Protease  {Casein  Digestion), — Experiment  i. — (a)  25  cc.  extract  -f  50  cc.  casein  solu- 
tion. 

CM  a&cc.  HsO  +  50  cc.  casein  solution. 


Digitized  by  VjOOQIC 


ENZYMES  PRESENT  IN  ALFALFA.  2l8l 

(c)  25  cc.  extract  +  50  cc.  HjO. 

(d)  25  cc.  (boiled)  extract  +  50  cc.  casein  solution. 

Fonnol  titrations:  (a)  4,52  cc.  0.2  N  NaOH,  (6)  1.28  cc,  (c)  2.23  cc., 
{d)  4.22  cc.  These  results  indicate  that  no  protease  is  present  in  the  root 
extract. 

(Peptone  D^estim.) — ExperitnetU  2. — (a)  25  cc.  extract  +  spec,  peptone sdutico. 

(b)  25  cc.  HjO  +  50  cc.  peptone  solution. 

(c)  25  cc.  extract  +  50  cc.  H2O. 

(d)  25  cc.  extract  (boiled)  +  50  cc.  peptone  solution. 

The  solutions  were  heated  in  the  usual  way  and  then  titrated,  giving 
the  following  values:  (a)  5.33  cc.,  (&)  2.18  cc,  (c)  2.23  cc,  (d)  5.36  cc. 
The  value3  for  (a)  and  (cQ  are  seen  to  be  almost  ideQtic^l  in  this  case  also, 
and  therefore  no  digestion  of  peptone. 

{Albumin  Digestion.) — Experiments. — (a)  .25  cc.  extract  -{-  50 cc.  albumin  solution. 

(b)  25  cc.  HjO  -f  50  cc.  albumin  solution. 

(c)  25  cc.  extract  +  50  cc.  H2O. 

After  heating,  the  titrations  resulted  as  follows?  (a)  2.38  cc,  (6)  o.io  cc^, 
(c)  2.23  cc,  showing  that  no  digestion  of  albumin  has  taken  place. 

Conclusion. 

The  present  investigation  was  designed  to  cover  the  more  compion 
enzymes  encountered  in  vegetable  juices  and  extracts,  but  no  attempt 
has  been  made  to  isolate  the  different  ones  from  their  media,  nor  to  study 
them  in  minute  detail.  Their  presence  in  the  water  extracts  of  the  dried 
and  fresh  alfalfa  stems  and  leaves,  as  well  as  in  the  alfalfa  roots  has  been 
determined  qualitatively  and  in  some  instances  with  reference  to  the 
approximate  amount.  The  following  table  sets  forth  the  results  obtained 
in  the  present  investigation,  together  with  those  obtained  on  alfalfa  seeds: 

Enzyme.                                    Dried  plants.      Fresh  plants.       Fresh  roots.  Seeds. 

Lipase —  +  (5)  —  — 

Amylase +(5)  +(5)  +W  + 

Coagulase —  -f  -f-  + 

Emulsin -f(/)  +(/)  +(5)  + 

Invertase -h  +(s)  +  — 

Peroxidase ', -fW  -f  -f(/)  + 

Maltase — 

Lactase — 

Pectinase +(/)  +(/)  -f 

Protease  (peptonizing) —  —  —  — 

Protease  (peptolytic) -f  +  —  4- 

The  presence  of  the  enzyme  is  denoted  by  +  and  the  absence  by  — , 
the  (5)  after  the  sign  denotes,  in  small  amount;  and  the  (/)  in  considerable* 
or  large  amount. 

The  diastatic  power  of  the  water  extract  of  the  dried  plants  was  de- 
termined and  found  to  be  approximately  20. 

A  slight  alkalinity  favors  ihe  action  of  the  protease  on  casein,  whereas 
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an  add  solution  above  that  spontaneously  produced  in  the  extract  retards 
or  inhibits  this  action. 

No  digestion  of  egg  albumin  could  be  detected  by  the  proteases  in  any 
part  of  tie  plant,  but  this  substance  invariably  retards  liie  action  of  the 
enzyme  on  casein.  It  was  also  found  that  the  inhibiting  influence  of  egg 
albumin  on  the  casein  digestion  was  proportional  to  the  time  of  action 
and  not  to  the  temperature. 

It  is  hoped  that  a  more  detailed  investigation  of  individual  members 
of  the  alfalfa  enzymes  can  be  undertaken  in  the  near  futtu-e. 

RVNO,  Nbvada. 


THE  VOLATILE  OIL  OF  CALYCANTHUS  FLORIDUS. 

By  Km^kson  R.  Miluik.  G.  W.  Taylor  and  M.  H.  Eskhw. 
Received  August  20.  1914. 

The  plant  family  Calycanthaceae  comprises  two  genera  and  six  or 
seven  species,  natives  of  North  America  and  eastern  Asia.  The  family 
is  represented  in  the  United  States  by  four  or  five  species  of  the  genus 
CalycatUhus  L.  {Butneria  Duhamel),  all  but  one  of  which  are  foimd  in  the 
south  eastern  states.  The  remaining  one  is  native  to  California.  All 
of  these  are  aromatic  shrubs  from  two  to  ten  feet  high,  growing  on  hill- 
sides and  along  streams.  The  flowers  of  the  eastern  species  appear  early 
in  the  spring,  are  brownish  to  brownish  purple  and  exhale  a  delightful 
fragrance,  compared  by  some  to  that  of  strawberry.  Owing  to  their 
aromatic  properties  these  plants  are  known  commonly  as  Sweet  Scented 
Shrub,  Strawberry  Shrub,  Carolina  Allspice,  Florida  Allspice,  etc.  The 
California  species  is  known  also  by  the  names  Spice  Bush,  Spice  Wood, 
Wine  Flower,  etc.  Plants  of  this  latter  species  are  a  little  larger  than 
the  others  and  have  somewhat  larger  flowers  of  a  livid  red  color. 

Though  this  genus  may  not  be  rightly  considered  as  being  of  much 
economic  importance,  two  of  its  species,  namely,  CalycatUhus  floridus 
and  C.  fertilis  (glaucus)  are  cultivated  as  ornamental  shrubs  both  in  this 
country  and  in  Europe.  Of  further  interest  may  be  mentioned  its  re- 
puted medicinal  and  poisonous  properties.  Thus,  according  to  the 
National  Standard  Dispensatory,  the  root,  leaves  and  bark  of  C.  fertilis 
are  much  used  as  an  antiperiodic.  This  undoubtedly  means  as  a  so-called 
domestic  remedy.  Kings*  American  Dispensatory  states  that  the  same 
species  has  been  suggested  as  a  stimulant,  antiperiodic  and  an  aromatic, 
while  the  root  is  said  to  be  emetic.  There  are  also  reports  of  its  having 
been  poisonous  to  cattle.  Other  writers  on  medicinal  plants  include 
also  the  C  floridus.  With  the  exception  of  the  single  phytochemical 
group  of  alkaloids  practically  nothing  is  known  of  the  chemistry  of  this 
genus. 

In  1 888  the  alkaloid  calycanthine  was  discovered  in  the  seeds  of  Caly- 
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catUkus  glaucus  by  R.  G.  Ecdes^  and  a  year  later  his  work  was  confirmed 
by  H.  W.  WUey^  who  separated  also  about  47%  of  a  fixed  oil.  Since  then 
several  papers  have  been  published  by  H.  M.  Gordin'  who  has  shown  that 
two  alkaloids,  calycanthine  and  isocalycanthine  occur  in  the  seeds. 

According  to  the  experiments  of  A.  R.  Cushney*  on  the  pharmacological 
action  of  calycanthine  its  effect  on  the  spinal  cord  is  about  the  same  as 
that  produced  by  strychnine  poisoning,  though  the  spasms  are  shorter. 
*'In  mammals,  calycanthine  seems  to  act  as  a  stimulant  to  the  spinal  cord 
and  as  a  depressant  to  the  heart.  In  frogs  it  has,  in  addition,  a  weak, 
curare-like  action  on  the  terminations  of  the  motor  nerves.  The  symp- 
toms are  so  similar  to  those  described  in  cattle  from  poisoning  from  caly- 
canthus  that  there  can  be  no  doubt  that  the  alkaloid  is  the  chief  poisonous 
constituent/' 

In  1912  Mirande^  reported  finding  in  100  parts  of  fresh  leaves  of  Caly- 
canthus  floridus  0.004  of  HCN ;  the  same  amount  in  100  parts  of  the  leaves 
of  C.  laevigaius,  and  0.016  in  100  parts  of  leaves  of  C,  occidentalis. 

In  191 2  H.  W.  Brooks^  examined  the  roots,  leaves  and  flowers  of  C. 
floridus  for  alkaloids  and  obtained  results  which  make  the  presence  of 
alkaloids  very  probable,  specially  in  the  leaves. 

EzperimentaL 

The  volatile  oil  used  in  this  investigation  was  separated  by  steam  dis- 
tillation from  material  collected  mainly  in  the  vicinity  of  Auburn,  Ala. 
According  to  the  ''Flora  of  the  Metamorphic  R^on  of  Alabama,"  by 
F.  S.  Earle,  our  material  consisted  mainly,  if  not  entirely,  of  Calycanthus 
floridus.  Most  of  the  material  was  collected  after  the  leaves  had  fallen, 
but  any  leaves  still  remaining  were  removed.  The  shrubs  were  cut  off 
just  above  the  ground,  allowed  to  become  air  dry,  coarsely  comminuted 
and  then  distilled  with  steam. 

Three  sam^des  of  oil  were  obtained,  one  in  1908-09,  one  in  1909-10  and 
another  in  191  i-i 2.  The  yield  was  0.53%,  0.25%  and  0.39%,  respectively. 
The  smaller,  younger  plants  gave  the  best  yield.  This  might  be  expected, 
since  most  of  the  oil  is  found  in  the  bark,  especially  in  that  of  younger 
stems. 

Physical  and  Chemical  Properties  of  the  Oils. — In  general  appearance 
these  oils  were  very  similar,  of  a  Ught  yellowish  color,  a  warm  aromatic 
taste  and  a  pleasant,  refreshing  camphoraceous  odor  suggestive  of  cineol. 

*  Proc.  Am.  Pkarm.  Assoc.,  36,  84  and  382  (1888). 

«  Am.  Chem.  7.,  11,  557  (1889);  Am.  J.  Pkarm.,  6a,  96  (1890). 

« Proc,  Am.  Pkarm.  Assoc.,  5a,  345  (1904);  Ilnd.,  53,  224  (1905);  This  Journal, 
27,  144  (1905);  Proc.  Am.  Pkarm.  Assoc.,  56,  805  (1908);  Ibid.,  57,  889  (1909);  J-  Am. 
Pkarm.  Assoc.,  i,  849  (1912). 

*  Tms  Journal,  27,  155  (1905). 

'  Compt.  rend.,  155,  783,  925  (191 2). 

*  Unpublished  manuscript. 
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All  the  samples  were  soluble  m  all  proportions  in  90%  alcohol.    Samples 
I  aild  III  were  soluble  in  16  and  25  parts,  respectively  of  70%  alcohol. 

The  specific  gravity  at  asV^S**  was  0.9209,  0.9161,  0.9136. 

Optical  rotation  in  100  mm.  tube  was  +2.85,  +2.84,  +6j6. 

Index  of  refraction  at  26  ^  1.4675,  1.47 13,  1.4753. 

Saponification  numb^  12.5,  14.40,  16.6. 

Saponification  number  of  acetylated  oils  75.1, ,  65.7. 

Calculated  as  borneol  and  bornyl  acetate  these  oils  contained  4.37 %»  5  04%  5-8 1^. 
respectively,  of  bomyl  acetate,  white  Sample  I  contained  18.44%  fre^  borneol,  and 
Sample  III  14.46%  of  free  borneol. 

Tests  for  Aldehydes  and  Ketones, — ^With  SchiflTs  reagent  and  sodiimi 
bisulfite,  negative  results  ^i^e  obtained;  but  phenylhycU-azine,  when 
applied  according  to  the  directions  of  MuUiken^  produced  cloudiness  indi- 
cating the  presence  of  a  ketone.  If  a  ketone  is  present  it  occinred  in  very 
small  amount  and  is  probably  one  which  does  not  react  with  sodium 
bisulfite. 

Test  for  Methoxy  Compounds, -^Whsn  tested  by  the  Zeisel  -method  all 
samples  gave  negative  results;  blowing  the  absence  of  compounds  con- 
taining the  methoxyl  group. 

Identification  and  Quantitative  Estimation  of  Cineol. 

All  fractions  formed  an  addifioti-prbdiict  when  treated  with  iodol. 
This,  after  recrystalli^ation  from  benzene,  melted  at  n  i  **•  with  decomposi- 
tion. Assayed  by  the  official  Phosphoric  Add  Method,  Sample  I  gave 
36%  of  dnebl  and  Sample  III  69%.  By  the  Resorcin  Method  Sample  I 
g*^ve  35%  and  Sam;^  III  71%.  The  great  difference  in  cineol  content 
of  the  two  oils  may  be  explained  in  part  by  the  fact  that  oil  No.  I  was 
obtained  from  older  plants  and  apparently  contains  a  higher  percentage 
bfpinene.' 

Examination  for  Phenol, — ^The  oil  wtis  first  shakeil  with  a  weak  solution 
6f  soditun  carbonate  incxxler  to  remove  free  add,  then  shaken  se\^eral 
times' with  a  2.5%  sohitien  of  potassium  hydroodde;  the  caustic  alkali 
solutknis  wens  extracted  with  ether  to  remove  unchanged  oil,  then  addified 
witlir 'dilute  sulfiuric  add  and  again  extracted  with  ether .>  After  evapora- 
tion of  the  ether  there  remained  a  small  amount  of  a  reddish  brown  sub- 
stasoe  in.whidi,  on  standing,  a  very  small  amotmt  of  a  crystalline  solid 
appeared.  •  This*  wa^*  pressed  between  filter  paper  and  tested  with  an 
dlcoholk*  scdtition  of  ferric  chloride,  which  -gave  a  dirty  greenish  brown 
color.  When  water  was  added  to  this  a. purple  color  was  formed.  This 
is  an  indication  of  salicylic  ftcid. 

Saponification  and  Fractionation  bj  the  OHls, — Sample  1  was  boiled  an 

^  "Identification  of  Pure  Organic  Compounds,"  Vol.  I,  134. 

*  It  seems  to  be  generally  considered,  however,  that  the  younger  the  plants  the 
larger  the  percentage  of  terpenes.  "The  Volatile  Oils,"  Gildem^ipter-Kremers,  Vol.  I» 
p.  285. 
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hour  on  a  water  bath  with  an  excess  oi  0.5  N  alcoholic  solution  of  potassium 
hydroxide.  The  alcohol  was  then  distilled  off  on  a  water  bath,  the  residue 
mixed  with  water,  the  oil  separated,  washed,  dried  and  fractionated  three 
times  under  a  pressure  of  3  mm.  Table  I  shows  the  fractions  obtained, 
with  the  rotation,  index  of  refraction  and  density  of  each. 

Tablb  I. 

No.  of  Boiling 

fraction.  •     temp. 

1 50-55  *" 

2.....' 55-^** 

3 60-80° 

4 8a-^° 

5 90-100** 

6 loo-iio® 

7 1 10-120** 

8 120-130* 

9 130-140* 

These  fractions  were  then  distilled  tmder  atmospheric  pressure,  yielding 
fractions  with  the  following  boiling  temperatures: 

i»  155-160*;  2,  160-170*;  3»  170-176*;   4,  176-180*;   5,  180-190*;  6,  190-200*; 
7,  200-210*;  8,  210-220*;  9,  220-230*;  10,  230-240*. 

Sample  of  oil  No.  Ill,  after  removal  of  phenol,  was  saponified,  then 
fractionated  four  times  under  a  pres^e  of  15  nmi.  and  once  under  at- 
mospheric pressure.  Table  II  shows  the  fractions  obtained  with  the 
rotation,  index  of  refraction  and  density  of  each. 

Tabi^  II. 

No.  of  Boiling  ^26»  ^  ^. 

fraction.  temp.  O^go.  a^,.  '»]>26«- 


,26  *» 
d26*" 

«D. 

WD270. 

0.9064 

+  3.3^ 

1.4580 

0.9090 

+  4.I* 

1.4585 

0 . 9203 

-f  2.1* 

1.4647 

0.9227 

+  9.2* 

1.4796 

0.9380 

+  14. 3* 

1  4854 

0.9431 

+  11. 7* 

1-4895 

0.9401 

+  8.3* 

1.4948 

0.9340 

+  4.9^ 

1.4982 

0.9571 

—  i.i* 

1.4987 

5  1-45959 

3*  1-45859 

.       .  I .46429 

1.46806 
8*  I. 47681 
8*      1.48179 

I. 4871 I 
95*  1.49668 
7*      I. 48841 


I ^.  .  160-170*  0.898  +5. 

2 170-175**  0.904  +  4- 

3 175-185*  0.921 

4 185-200* 

5 < 200-210*  0.939  +15. 

6 210-220*  0.943  4-17. 

7 220-240*  0.926 

8 240-260*  0.926  +9. 

9 260-273*  0.895  — 4- 

In  addition  to  these  fractions,  there  was  obtained  from  the  alcc^ol 
which  was  distilled  off  from  the  saponification  mixture  a  small  amoimt 
of  an  oil  which  boiled  between  155°  and  160°. 

Identification  of  Pinene. — ^The  fraction  boiling  at  155-160°  was  treated 
by  the  method  of  P.  Ehestadt^  for  the  preparation  of  pinene  nitrosyl 
chloride.  The  product  obtained  was  purified  by  dissolving  it  in  chloro- 
form and  precipitating  by  the  addition  of  methyl  alcohol.  The  substance 
thus  obtained  melted  at  101-102°.  A  nitrolbenzylamine  also  was  pre- 
pared which  melted  at  122-123°.  The  preparation  of  these  two  com- 
>  Report  of  Schimmd  6f  Co.,  April,  19x0,  164. 
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pounds  may  be  considered  as  proof  of  the  presence  of  pinene.  As  shown 
by  the  optical  rotation  it  is  a  mixture  of  dextro-  and  levo-a-pinene  with 
the  dextro-  form  slightly  predominating.  The  low  dextro-rotation  may 
also  be  accoimted  for  in  part  by  the  presence  of  cineol,  which  is  optically 
inactive.  The  index  of  refraction  of  the  lowest  boiling  fractions  is  lower 
than  that  of  pinene  while  the  density  is  higher.  Both  of  these  points  of 
difference  are  likewise  explained  by  the  presence  of  cineol. 

Identification  of  Cineol, — ^The  fractions  boiling  between  170°  and  180** 
in  the  case  of  oil  No.  I,  and  those  boiUng  between  170°  and  185°  in  the 
case  of  oil  No.  II,  were  composed  chiefly  of  cineol,  as  shown  by  the  odor, 
boiling  temperature,  density,  the  iodole  test  and  by  the  fact  that  the 
greater  part  was  dissolved  by  a  50%  solution  of  resorcin. 

Test  for  Linalool. — Fractions  boiling  between  180°  and  200°  were 
oxidized  with  chromic  acid  mixture,  the  mixture  neutralized  and  distilled 
with  steam.  The  liquid  recovered  had  a  Ught  yellow  color  and  an  odor 
suggesting  that  of  citral.  This  was  treated  with  semicarbazide  hydro- 
chloride according  to  2^1insky*  for  the  preparation  of  semicarbazones. 
The  substance  obtained  was  recrystallized  from  methyl  alcohol  and  the 
melting  point  determined.  It  began  to  soften  at  193^  and  melted  at 
about  200^.  Citral  forms  two  semicarbazones,  one  melting  at  164^  and 
the  other  at  171-172°.  Camphor  semicarbazone  melts  236-238°.  The 
product  obtained  in  this  experiment  was  probably  a  mixture  of  citral 
semicarbazone  and  camphor  semicarbazone,  since  bomeol  was  proved  to 
be  a  constituent  of  the  next  higher  boiUng  fraction. 

Test  for  Camphor.  Identification  of  Bomeol. — ^The  fractions  boiling  be- 
tween 200°  and  240°  were  fractionated  again  twice,  collecting  in  one 
fraction  all  that  portion  which  distilled  between  200°  and  220°.  Some  of 
this  was  treated  with  hydroxylamine  hydrochloride  in  the  usual  manner 
for  the  preparation  of  camphor  oxime.  The  result  was  negative.  The 
remainder  of  this  fraction  was  oxidized  with  Beckmann's  chromic  add 
mixture,  the  acid  neutralized  and  the  mixture  distilled  with  steam.  The 
oil  obtained  was  treated  with  hydroxylamine  hydrochloride.  An  oxime 
was  obtained  which,  after  recrystallization  from  diluted  alcohol,  had  the 
melting  point,  118-119°.  The  melting  point  of  camphor  oxime  is  generally 
given  as  117-119°. 

The  high  boiling  portion  of  the  oil  was  not  identified.  Judging  from 
the  boiling  temperature,  the  index  of  refraction  and  the  density,  it  probably 
consists  of  one  or  more  sesquiterpenes.    As  will  be  seen  from  Table  III 

Tablb  III. 

Boiling  point.  Deniity.  Rotation.       Index  of  refraction. 

Caryophyllene 258-260"       0.908  at  15''       — ^8.7*         1.4997  at  20* 

Fraction  No.  9 260-^73 "*       0.895  at  25*       — 4-7**  1.4884  at  26** 

'  Ber^sot  1541  (1897).  • 
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there  is  a  fair  degree  of  agreement  between  the  physical  constants  of 
caryophyllene  and  those  of  one  of  the  high  boiling  fractions  of  oil  No.  III. 
But  an  attempt  to  prepare  caryophyllene  hydrate  resulted  negatively. 
The  amount  at  hand  was  not  sufficient  for  further  tests. 

Identification  of  Acids* 

The  alkaline  liquid  resulting  from  the  saponification  of  oil  No.  I  was 
evaporated  to  a  small  volume,  acidified  and  distilled  with  steam.  The  add 
distillate  was  neutralized  with  sodium  hydroxide  and  precipitated  with 
silver  nitrate.  Very  decided  reduction  of  the  silver  occurred,  indicating 
the  presence  of  formic  add. 

The  ^distillate  from  oil  No.  I  was  neutralized  with  sodium  carbonate 
and  evaporated  to  a  small  volume.  Oil  No.  I  was  shaken  with  a  2-3% 
solution  of  sodium  carbonate,  the  aqueous  liquid  evaporated  to  a  small 
volume  and  mixed  with  the  concentrated  distillate,  the  mixture  addified 
and  distilled  with  steam.  The  distillate  was  neutralized  with  sodium  hy- 
droxide and  predpitated  with  silver  nitrate.  The  dried  salt  gave  upon 
ignition  50.2%  of  metallic  silver. 

The  alkaline  liquid  resulting  from  the  saponification  of  oil  No.  Ill  was 
concentrated,  acidified  and  distilled  with  steam.  The  distillate  was  col- 
lected in  two  portions,  neutralized  with  ammonia  and  predpitated  with 
silver  nitrate.  The  amount  of  the  first  predpitate  was  vexy  ^mall.  The 
predpitate  from  the  second  fraction  3ddded,  upon  ignition,.  63.66%  of 
metallic  silver. 

From  the  portion  remaining  in  the  flask  a  silver  compound  was  pre- 
pared which,  upon  ignition,  left  a  residue  of  38.16%  of  metallic  silver. 

The  silver  salts  of  some  of  the  fatty  adds  whidi  occur  in  volatile  oils 
contain  the  following  percentages  of  silver: 

Of  acetic  acid,  64.64%;  butyric  acid,  55.34%;  valerianic  acid,  51.64%;  caproic  acid, 
48.39%;  caprylic  acid,  4259%;  c^pric  acid,  38.67%. 

The  results  obtained  indicate  therefore  that  the  oils  cont^n  formic 
acid^  acetic  add  and  at  least  one  other  (higher)  fatty  acid. 

Summary. 

From  the  foregoing  investigation  it  follows  that  oil  of  CcUycanthus 
floridus  contains  the  following  compounds,  the  cineol  predominating: 

I <i-a-Pinene  5 Linalodl? 

2 /-a-Pinene  6 Bomyl  acetate 

3 Cineol  7 Salicylic  add 

4 Borneol  8 One  or  more  esters  in  ad- 
dition to  bomyl  acetate 
Alabama  Poi,ytschnic  Inbtituts, 
Auburn,  Ala. 
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(Contribution  prom  thb  Pood  iNVESTiCATiMr  Laboratory,  Bdksav  op  Chbmdtsy, 

Dbpartmbnt  op  Agbiculttjrb.] 

THB  HYDROGEN  NUMBER  OF  SOME  ESSENTIAL  OILS  AND 

ESSENTIAL  OIL  PRODUCTS.    L    OILS  OF  SASSAFRAS, 

ANISE,  FENNEL,  CLOVE  AND  PIMENTA. 

By  Ax,an  R.  AX.BSIOBT. 
Received  August  24,  1914. 

Introduction. 

This  paper  describes  a  new  method  for  the  examination  of  certain 
ethereal  oils.  It  depends  on  the  fact  that  some  unsaturated  compounds 
in  such  oils  are  capable  of  quantitative  hydrogenation  in  a  solution  of 
colloidal  palladium.  S.  Fokin^  suggests  a  **hydrogen  number"  for  un- 
saturated aliphatic  compoimds,  using  molecular  platinum  as  catalyzer, 
but  states  that  no  cyclic  unsaturated  compound  will  give  this.  It  has 
been  found  that  a  "hydrogen  number/'  corresponding  to  the  iodine  number 
of  fatty  oils,  may  be  ascribed  to  some  ethereal  oils  of  the  tjrpe  to  be  dis- 
cussed. 

Catalyzer. — ^The  colloidal  palladium  used  in  this  work  is  a  commercial 
product,*  but  it  may  not  be  amiss  to  describe  very  briefly  its  preparation.' 
A  solution  of  a  palladium  salt  is  added  to  a  solution  of  an  alkali  salt  of  an 
acid  of  high  molecular  weight,  in  this  case  the  sodium  salt  of  protalbinic 
acid  (an  egg  albumin  decomposition  product).  An  excess  of  alkali  dis- 
solves the  precipitate  formed  and  the  solution  is  said  to  contain  the  pal- 
ladium in  the  form  of  a  hydrosol  of  its  hydroxide.  This  solution  is  purified 
by  dialysis  and  the  hydroxide  reduced  with  hydrazine  hydrate.  On 
further  dialysis  and  evaporation  to  dryness  there  is  obtained  a  water- 
soluble  product  consisting  of  colloidal  palladium  and  sodium  protalbinate 
in  the  form  of  black  shining  lamellae,  which  contains  about  60%  palladium. 
The  sodium  protalbinate  present  in  the  mixture  acts,  when  the  material 
is  in  solution,  as  a  "protective  colloid.'** 

As  is  well  known,  colloids  in  general  are  precipitated,  "flocked  out," 

by  ions  (e.  g.,  AsiSs  by  HCl),  due  to  a  transfer  of  electrical  charges,  but 
in  the  presence  erf  a  protective  colloid  relatively  large  amounts  of  elec- 
trolytes are  necessary  to  bring  this  about. 

Hydrogenation  involving  the  use  of  colloidal  palladium  differs  from 
some  other  processes  of  catal)rtic  reduction  in  that  the  reaction  has  not 
been  observed  to  proceed  in  the  absence  of  water  nor  if  the  proportion  of 
water  in  the  reaction  mixture  be  too  small.     For  instance,  in  the  case  of 

*  J.  Russ.  Phys.  Chem.  Soc,  40,  700-9  (1908);  cf.  Chem.  ZetUr.,  1908,  II,  2039; 
also  C.  A.,  3,  1009  (1909). 

*  Prepared  by  Kalle  &  Co.,  Biebrich,  am/R.     Price  about  $2.40  per  gram.     See 
Paal  and  Hartman,  Ber.,  43,  248-9  (1910). 

»  Paal  and  Amberger,  Ber./^J,  124  (1904);  Chem.  Zentr.,  1904,  I,  572. 

*  Paal  and  Amberger,  loc.  cit.,  see  also  Skita  and  Pranck,  Ber.t  44t  2862  (19x1); 
Chem.  ZetUr.,  191 1,  II,  173. 
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cottcHiseed  oil,  st  portion  of  this  material  showed  no  absorption  of  hydrogen 
on  being  shaken  with  a  small  quantity  of  powdered  colloidal  palladium. 
The  same  result  was  obtained  whether  the  oil  was  suspended  in  95% 
alcohol  or  dissolved  in  acetone.  On  adding  15  to  20%  of  water  to  the 
acetone  solution,  however,  reduction  took  place  at  a  fairly  rapid  rate. 
If  this  more  convenient  form  of  colloidal  palladium  be  not  available,  a 
substitute  may  be  prepared  as  needed  in  the  following  way:^  0.05  g.  pal- 
ladous  chloride  (the  quantity  generally  used  in  our  experiments),  is  placed 
in  the  shaking  flask  described  below,  followed  by  50  cc.  of  50%  alcohol 
and  I  or  2  cc.  of  a  1%  aqueous  solution  of  gum  arabi6  (the  weight  of  gum 
used  being  about  one-fourth  the  weight  of  the  PdCla).  On  shaking  this 
mixture  in  an  atmosphere  of  hydrogen,  the  chloride  is  reduced  with  forma- 
tion of  a  black  solution  of  colloidal  palladium,  which  is  rendered  stable, 
t.  e,y  "reversible,"  by  the  small  quantity  of  the  reversible  colloid  present, 
gum  arabic.  While  this  solution  may  be  substituted  for  that  of  the 
technically  prepared  substance,  it  is  actually  more  expensive,  as  experi- 
ments show  that  0.02  g.  colloidal  palladium  costing  $0,048  is  at  least  as 
active  as  0.05  g.  PdClj,  costing  $0,075.  Paal*s  colloidal  palladium  and 
palladous  chloride  contain  approximately  equal  percentages  of  the 
metal. 

Certain  substances  are  regarded  as  poisonous  with  respect  to  colloidal 
palladium,  for  example,  formaldehyde  contained  in  impure  methyl  alcohol 
is  said  to  be  harmful,  and  allyl  isothiocyanate  entirely  inactivates  it,  so 
that  mustard  oil,  although  theoretically  coming  within  the  category  of 
available  experimental  material,  cannot  be  treated. 

No  attempt  is  made  to  isolate  either  the  colloidal  palladium  as  such, 
or  the  hydrogenated  sample,  but  the  palladium  may  be  recovered  by 
evaporating  the  reaction  mixture  to  dryness,  igniting,  converting  the 
metal  into  the  chloride  and  boiling  the  solution  of  this  to  obtain  palladous 
chloride,  which  may  be  used  in  place  of  colloidal  palladium  as  previously 
described. 

Apparatus. — ^The  apparatus  used  in  this  laboratory,  which  is  shown  in 
Figs.  I  and  2,  is  similar  in  prind-  c 

pie  to  that  devised  in  the  organic   ^ I ^.> . 

laboratory    of  the   University  of   '       ^ 
Gottingen .     Its  fundamental  parts 
are    the  camshaft,    carrying   four 


eccentrics;    the    shaking    baskets   r"    i+i  B  'ii 

.**A,"   attached  to  the  cams   and    \^  q  } 

suspended  from  pulleys  on  a  sup-  p. 

porting  rod;  the  absorption  flasks 

"B,"   which  are  placed  in  the  wire  baskets;  the  gas  buret  connected 
^  Scita  and  Franck,  loc.  cit. 
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by  means  of  a  T  tube  both  with  the  source  of  hydrogen  jftid  with  the  ab- 
sorption flask.  Power  is  supplied  by  a  one-eighth  h.  p.  motor  belted  to 
the  cam-shaft.  When  in  operation,  the  shaft  has  a  speed  of  about  200 
revolutions  per  minute.  Hydrogen  is  suppUed  from  a  Kipp  generator, 
or  from  a  steel  cylinder  and  is  purified  by  being  passed  through  a  large 
wash  bottle  containing  alkaline  saturated  permanganate  and  is  washed 
with  water  at  each  gas  buret  by  a  separate  wash  bottle. 

Manipulation. — ^The  manipulation  of  a  reduction  is  as  follows:  The 
air  is  first  displaced  from  the  entire  apparatus  by  passing  through  it  a 
current  of  hydrogen,  after  removing  the  stopper  **C,'*  and  lowering  the 
reservou-  **D,**  so  that  sufficient  water  remains  to  form  an  air  trap  at  the 
lower  bend  of  the  buret.  The  levels  in  both  arms  of  the  U  tube  are  then 
equalized  at  the  zero  mark.  The  three-way  stopcock  "E,"  is  then  closed, 
the  stopper  '*C,*'  which  had  been  replaced  during  the  flushing  of  the  buret 


Fig.  2. 

with  hydrogen,  is  removed,  and  0.02  g.  dry  colloidal  palladitmi  introduced 
while  a  current  of  hydrogen  is  passing  through.  Then  50  cc.  of  50% 
alcohol  are  added,  the  stopper  replaced,  the  stopcock  **F,'*  closed  (shown 
only  in  photograph)  the  three-way  cock  *'E/'  momentanly  opened  to  the 
air  to  equalize  the  pressure  in  the  apparatus  with  that  of  the  atmosphere, 
and  the  flask  shaken  until  no  more  hydrogen  is  absorbed.  In  this  way 
the  errors  due  to  (i)  absorption  of  hydrogen  by  the  catalyzer,  (2)  solu- 
bility of  the  gas  in  the  solvent,  and  (3)  consumption  of  h3rdrogen  by 
oxygen  dissolved  in  the  solvent,  are  removed  from  consideration.    TTie 
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buret  is  again  filled  to  the  zero  mark  with  hydrogen  and  the  shaking 
flask  tilted  until  the  palladium  solution  has  drained  from  the  concave 
''substance  table"  *'G.**  The  substance  tmder  investigation  is  dropped 
into  this  table  from  an  oil  pipet  (weighing  bottle),^  again  preventing  the 
entrance  of  air  by  maintaining  a  current  of  hydrogen  through  the  ap- 
paratus. The  purpose  of  this  "substance  table"  is  to  prevent  contact 
between  the  catalyzer  and  substance  under  examination  until  the  operator 
is  ready  to  start  the  experiment.  The  stopper  *'C,'*  is  replaced,  the  cock 
"F,"  is  closed  and  the  cock  **E,"  opened  momentarily  to  the  air  again. 
Connection  is  then  made  by  the  same  stopcock  between  the  shaking  flask 
and  the  buret  and  the  machine  is  at  once  set  in  motion.  T&e  absorption 
of  hydrogen  is  carefully  watched,  maintaining  the  same  water  level  in  each 
side  of  the  buret  by  regulating  the  flow  of  water  from  the  reservoir.  When 
the  reaction  is  finished,  a  decided  and  abrupt  decrease  in  the  rate  of  ab- 
sorption occurs.  On  the  accuracy  of  the  observation  of  this  point  depends 
the  accuracy  of  the  determination.  The  end  point  may  readily  be  found 
otherwise  by  noting  the  buret  reading  at  frequent  intervals,  e,  g.,  ever}- 
15  seconds,  and  plotting  volume  against  time  on  coordinate  paper,  when 
the  break  in  the  resulting  curve  will  give  the  desired  result.  This  point 
was  found  in  each  of  the  cases  to  be  described  by  drawing  a  straight  line 
through  the  first  points,  then  connecting  with  a  smooth  curve  those  points 
which  lie  at  the  right.  The  juncture  of  the  straight  line  representing  the 
main  reaction,  with  the  curved  line  representing  absorption  of  hydrogen 
by  secondary  substances,  is  taken  as  the  end  point.  The  sample  weight 
should  be  so  adjusted  that  100  cc.  or  less  of  hydrogen  will  be  needed,  but 
in  case  more  than  one  buret  of  the  gas  is  to  be  absorbed,  the  procedure  is 
as  follows:  First,  the  reading  is  noted  and  the  clamp  *'H,"  closed  (without 
interrupting  the  shaking);  then  the  reservoir  is  lowered  and  the  cock  **F," 
opened  until  the  water  in  the  graduated  branch  of  the  U  tube  is  forced 
by  the  pressure  of  hydrogen  from  the  cylinder  down  to  the  level  of  that 
in  the  other  and  then  closed,  again  reading  the  buret.  The  reservoir  is 
hung  in  the  hook,  an  amount  of  water  equal  to  about  twice  the  quantity 
of  hydrogen  which  has  been  absorbed  during  the  time  of  refilling  the  buret, 
(roughly  calculated  from  the  previously  observed  rate  of  absorption)  is 
allowed  to  enter  the  right  arm,  and  the  partial  vacuum  which  has  been 
formed  in  the  shaking  flask  is  released  when  the  damp  **H,"  is  opened. 
The  levels  in  the  two  arms  of  the  buret  are  equalized  and  the  absorption 
continued  to  completion. 

Application, — Every  essential  oil  contains  at  least  small  quantities  of 
unsaturated  substances,  consisting,  for  example,  of  one  or  more  terpenes, 
such  as  limonene,  or  phellandrene, 

*  Devised  by  H.  S.  Bailey  of  this  laboratory. 
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and  theoretically  a  measure  of  the  total  "degree  of  unsaturation"  might 
present  a  factor  useful  in  judging  the  ptuity  of  the  product.  Not  all 
double  bonds,  however,  are  hydrogenated  with  equal  ease,  owing  to  effects 
of  molecular  configuration,  and  some  are  only  very  slowly  attacked  by 
activated  hydrogen.  For  example,  limonene  is  first  reduced  to  carvo- 
menthene,*  citral  to  citronellal,*  carvoxime  to  carvotanacetoxime,'  the 
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^  With  Pt  black  as  catalyzer;  Vavon,  Chem.  ZetUr.,  19x49  I,  1506;  with  CuO  as 
-catalyzer:  Ipatieff,  C.  A.,  5,  891  (1911)- 

*  Skita,  B«r.,  42, 1627  (1909)  ;cf.  Chem.  Zenir.,  1909^  1, 1931 ; also  C.i4.,  3,2159  (1909). 

'  Albright,  "Inaugural  Dissertation/'  Gdttingen,  19x2;  Wallach  and  Albright, 
^»n.,  403,  73  (1914). 
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second  bond  in  each  case  requiring  considerably  longer  treatment  for 
complete  saturation. 

Thus  it  is  seen  that  the  application  of  a  quantitative  method  in  such 
cases  may  be  attended  by  tmsatisfactory  results,  in  that  far  too  much  time 
may  be  required  for  a  determination,  with  possible  attendant  errors  of 
changing  atmospheric  temperature  and  pressure. 

Some  oUs,  however,  contain  compounds  which  are  completely  and  very 
rapidly  reduced,  and  it  is  with  oils  of  this  t)rpe  that  the  present  paper  deals. 
Most  notable  are  those  containing  a  constituent  which  has  within  its 
molecule  an  allyl  or  propenyl  group,  as  the  double  bonds  in  such  groupings 
are  generally  capable  of  very  rapid  hydrogenation.  (Allyl  isothiocyanate 
mentioned  before  is  an  exception.)  In  fact,  some  compounds  of  this  type 
are  so  rapidly  reduced  that,  when  an  oil  containing  one  of  them  is  under 
examination,  the  reaction  seems  to  take  a  selective  course,  in  that  these 
bonds  are  quantitatively  saturated  before  those  in  other  configurations 
are  attacked  to  more  than  a  slight  extent.  As  a  matter  of  fact,  however, 
the  reaction  is  not  to  be  considered  rigidly  selective,  and  it  is  in  this  fact 
that  the  principal  error  of  the  determination  lies.  Nevertheless,  in  most 
cases  the  change  in  velocity  of  hydrogen  absorption,  after  the  allyl  or 
propenyl  group  has  been  saturated,  is  sufficiently  abrupt  so  that  there  is 
no  mistaking  the  end  point  of  the  reaction.  It  is  the  quantity  of  hydrogen 
absorbed  in  this  first  and  most  vigorous  action  that  fixes  the  * 'hydrogen 
number*'  of  the  oil.  In  other  words,  the  hydrogen  number  of  an  oil  is 
the  number  of  cc.  of  hydrogen,  reduced  to  the  volume  it  would  occupy 
at  o°  and  760  mm.  pressure,  which  are  absorbed  by  i  g.  of  the  material  in 
question  during  the  above  described  period  of  most  rapid  absorption  of  Ike  gas. 
This  quantity  has  been  found  to  be  characteristic  of  the  several  oils  named, 
and  gives  a  direct  measure  of  the  proportion  of  the  active  constituent 
present.  For  example,  from  the  hydrogen  number  of  clove  oil  the  per- 
centage of  eugenol  may  be  readily  calculated  by  multiplying  by  the  factor 
0.0073,  the  weight  of  eugenol  equivalent  to  i  cc.  of  hydrogen.  The 
results  are  generally  slightly  too  high  because  of  the  absorption  of  hydrogen 
by  secondary  substances  in  addition  to  that  due  to  the  main  reaction. 
By  using  an  appropriate  factor  weight  the  buret  reading,  reduced  to  stand- 
ard conditions,  will  give  the  percentage  direct  of  these  substances,  of  course 
with  the  same  qualification  regarding  error. 

The  method  of  procedure  in  the  working  out  of  the  hydrogen  number 
and  of  the  estimation  of  the  principal  constituents  of  the  oils  under  con- 
sideration was  as  follows :  first,  the  active  constituents  of  the  oils,  namely, 
safrol,  anethol,  and  eugenol,  were  prepared  in  as  pure  a  condition  as  possi- 
ble and  hydrogenated,  in  order  to  prove  that  they  may  be  quantitatively 
reduced,  and  that  the  break  in  the  curve  showing  the  absorption  rate, 
which  is  apparently  a  straight  line  during  the  main  reaction,  actually 
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represents  the  complete  saturation  of  the  one  active  double  bond  in  each 
compound.  Then  an  imitation  oil  was  prepared,  made  up  of  the  active 
constituent  mentioned,  in  the  approximate  proportion  in  which  it  occurs 
in  the  natural  oil,  while  the  remaining  percentage  was  represented  by  pure 
limonene.  Limonene  itself  absorbs  hydrogen  fairly  rapidly,  and  was 
chosen  from  among  other  terpenes  for  that  reason,  so  that  as  severe  a 
test  as  possible  might  be  made.  Finally,  samples  of  commercial  oils  were 
subjected  to  the  same  process. 

Experimental. 
The  Reduction  of  Safrol, — A  commercial  sample  of  safrol  was  redistilled; 
b.  p.  760  mm.,  236.0°  (mercury  entirely  in  vapor).  This  substance  is 
reduced  to  dihydrosafrol  with  extreme  ease.  The  speed  of  reaction  and 
sharpness  of  the  end  point  are  remarkable.  One-tenth  gram  colloidal 
palladium  dissolved  in  about  40  cc.  50%  alcohol  was  saturated  with 
hydrogen,  then  4.63  g.  safrol  were  introduced.  Absorption  began  as  soon 
as  agitation  was  commenced,  proceeded  at  a  constant  rate  and  ended 
very  abruptly.    In  ten  minutes  720  cc.  of  hydrogen  measured  at  22°  and 
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758  mm.  had  been  absorbed.  This  is  equivalent  to  632  oc.  at  0°  and 
760  mm.,  whereas  4.63  g.  safrol  should  theoretically  absorb  641  cc.  The 
reaction  product  was  isolated  by  distilling  with  steam,  dried  with  fused 
calcium  chloride  and  distilled  under  ordinary  presstue,  b.  p.,  234.3-234.5  ° 
(merciuy  entirely  in  vapor). 

0.2026  g.  of  substance  gave  0.1375  g.  HjO  and  0.5461  g.  COt. 
Calculated  for  CioHisOi:  H  =  7.3,  C  =  732;  found:  7.6,  73.5. 
Specific    gravity    i5.6Vi5-6*  =  1.0759,    nj,    15.6*  =  1.5228;    M.    R.  «  46.60; 
calculated  =  46.1. 

Dihydrosafrol  is  a  colorless  oil,  stable  several  minutes  toward  dilute 
alcoholic  permanganate;  quite  stable  toward  dilute  aqueous  permanganate. 
The  odor  is  very  similar  to  that  of  safrol. 

Since  the  work  upon  which  this  paper  is  based  was  begun,  there  has 
appeared  an  article  by  Ipatieff^  in  which  are  described  the  reductions  of 
anethol,  eugenol,  and  safrol  with  nickel  and  hydrogen  under  about  50 
atm.  pressiu-e  and  at  from  92®  to  95®.  The  preparation  of  reduction 
products  for  the  purpose  of  analysis  has  been  limited  to  safrol,  since  the 

author's  results  agree  with  those 
of  Ipatieff,  and  since  there  is 
every  reason,  from  theoretical 
and  experimental  considera- 
tions, to  assume  that  the  re- 
actions, in  the  case  of  anethol 
and  of  eugenol,  proceed  normally 
as  indicated  in  the  above  for- 
mulas. 

Fig.  4  gives  a  typical  ciu^e 
showing  the  rate  of  absorption 
of  hydrogen  by  safrol.  The  raw 
material  was  a  sample  of  com- 
mercial safrol,  *Ture  U.  S.  P." 
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Fig.  4. — Safrol. 


This  was  frozen  and  pressed  out,  then  distilled  under  763  mm.  pressure, 
b.  p.,  236.3-236.6°  (mercury  entirely  in  vapor). 

As  described  before,  0.02  g.  colloidal  palladium  with  50  cc.  50%  alcohol 
were  saturated  with  hydrogen  in  the  shaking  flask,  after  which  0.51 19  g. 
of  the  substance  was  introduced.  The  hydrogen  was  measiu^d  at  24.5  °, 
766.5  mm.  The  break  in  the  curve  occurs  at  80.0  cc,  equivalent  at  0°, 
760  mm.  to  69.4  cc,  whereas  the  theoretical  absorption  is  70.7  cc.  Hy- 
drogen number,  135.6;  safrol  =  98.3%.  Each  of  a  number  of  reductions 
of  safrol  gave  a  result  i  to  2%  too  low,  indicating  the  probable  presence  of 
some  much  less  active  substance  difficult  to  separate  from  safrol. 

Fig.  5  shows  the  rate  of  absorption  of  hydrogen  by  pure  Umonene  from 
*  Ber.,  46,  3589  (1913);  cf.  Chem.  Zentr.,  1914,  I,  140. 
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Fig.  5. — Limonene. 


lemon  oils,  redistilled  several  times  over  sodium.    The  catalytic  reagent 
consisted,  as  in  each  of  the  cases  to  be  described,  of  0.02  g.  colloidal  pal- 
ladium in  50  cc.  50%  alcohol.    The  ^ 
sample  weighed  0.0390  g.  and  the 
gas  was  measured  at  25®,  766  mm. 

Fig.  6  represents  the  reduction  of 
a  factitious  sassafras  oil,  a  mixture 
of  4.000  g.  redistilled  commercial 
safrol  and  i.ooo  g.  limonene.  The 
quantity  taken  was  0.561  g.  and 
the  break  in  the  absorption  curve 
occurred  at  73.7  cc.  measured  at 
26.5°,  765.5  mm.  At  0°,  760  mm.  this  is  equivalent  to  62.8  cc,  giving 
a  hydrogen  number  of  11 1.9.  Eighty  per  cent,  of  0.561  g.  or  0.449  g- 
safrol  at  0°,  760  mm.  should  absorb  62.2  cc,  the  error  being  due  pri- 
marily to  the  20%  of  limonene 
present.  The  proportion  of  safrol 
calculated  from  the  absorption  is 
81.1%. 

Fig.  7  represents  the  hydrogena- 
tion  of  an  authentic  sassafras  oil. 
Curve  I  gives  the  result  obtained 
using  0.4261  g.  oil.  Curve  2,  using 
0.5071  g.  No.  I  absorbed  51.0  cc, 
No.  2  60.0  cc,  each  measured  at 
25°,  763.4  mm.  At  0°,  760  mm., 
absorption  by  No.  i  would  have 
been  43.9  cc,  giving  a  hydrogen 
'^^  ^^  number  of  103. i,  and  a  safrol  con- 

Fig.  6.-Imitation  Sassafras  Oil.  ^^^  of  74.8%;  by  No.  2,  51.7  cc, 

giving  102.0  as  the  hydrogen  nimiber,  and  74.0%  as  the  safrol  content. 

Fig.  8  shows  the  course  of  a  reduction  of  pure  anethol,  prepared  by 
freezing  and  pressing  out  a  sample  of  commercial  anethol.  The  quantity 
taken  was  0.4417  g.,  the  sharp  break  in  the  absorption  curve  coming  at 
79.2  cc.  measured  at  28°,  762.4  mm.  This  is  equivalent  at  0°,  760  mm.  to 
65.5  cc.  Theory  requires  an  absorption  of  66.8  cc.  at  0°,  760  mim.  Hy- 
drogen number,  150.5;  anethol  =  99.6%. 

Fig.  9  represents  the  reduction  of  an  imitation  anise  oil,  made  of  8.000  g. 
pure  anethol  and  2.000  g.  pure  Hmonene.  No.  i  shows  the  result  obtained 
with  0.4180  g.  of  the  mixture.  The  break  occurs  at  61  cc.  measured  at 
24-5  °»  759  nim.  This  is  equivalent  at  0°,  760  mm.  to  52.3  cc,  giving  a 
hydrogen  number  of  125.1,  and  an  anethol  content  in  the  oil  of  82.4%. 
For  No.  2,  0.3220  g.  was  taken.     The  break  is  at  47.5  cc.  measured  under 
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the  same  c6nditions  as  for  No.  i,  equivalent  at  o®,  760  mm.,  to  40.9  cc. 
Hydrogen  number,  127.0;  anethol  =  83.7%. 
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Pig.  7-— Authentic  Sassafras  Oil. 

Fig.  10  shows  the  results  obtained  with  a  commercial  anise  oil.    For 

No.  I,  0.4109  g.  was  taken.  The 
end  point  is  at  61. i  cc.  measured 
at  26  ^  756  mm.,  equivalent  to  51.7 
cc.  at  0°,  760  mm.,  giving  125.8  as 
the  hydrogen  number,  and  82.9% 
as  the  anethol  content.  For  No.  2, 
0.4019  g.  oil  was  used,  the  end  point 
occurring  at  60.6  cc.  measured  under 
the  same  conditions  as  No.  i ,  equiva- 
lent to  51.2  cc.  at  0°,  760  mm. 
Hydrogen  number,  127.3 ;  anethol  = 

83.9%. 

Fig.  II.     A  representative  corn- 
absorbed  62.0  cc.  at  22  ^  764.4  mm., 
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Fig.  8.— Anethol. 

mercial  fennel  oil.     No  i :  0.5378  g. 
cc 
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Fig.  9. — Imitation  Anise  Oil. 
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equivalent  to  54.4  cc.  at  o°,  706 
mm.,  giving  101.3  as  the  hydrogen 
number,  which  represents  66.8% 
anethol.  No.  2:0.6330  g.  at  23°, 
764.4  mm.,  absorbed  74.5  cc, 
equivalent  to  65.0  cc.  at  o^  760 
mm.  Hydrogen  number,  102.7; 
anethol  =  67.7%. 

Pig.  12  represents  a  reduction 
of  eugenol.  The  raw  material  was 
a  commercial  eugenol,  *Ture 
U.S.  P."  It  was  redistilled,  b.  p., 
13  mm.,  150-152°  (uncor.).  0.4769 
g.  absorbed  77.7  cc.  at  30®,  762,7 
mm.,  equivalent  to  64.1  cc.  at  o^ 
760  mm.  Theoretical  absorption, 
65.1  cc.  Hydrogen  number,  134.4; 
eugenol  =  98-3%- 
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Fig.  14. — Commercial  Clove  Oil. 
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Fig.  13  shows  results  obtained  on  hydrogenating  a  mixture  of  8.000  g. 
redistilled  eugenol  and  2.000  g.  limonene.  No.  i:  0.4620  g.  absorbed 
60.2  cc.  at  24°,  765  mm.,  equivalent  to  52.3  cc.  at  0°,  760  mm.  Hydrogen 
number,  113.2;  eugenol  =  82.8%.  No.  2:  0.4806  g.  absorbed  62.8  cc. 
under  the  same  conditions,  equivalent  to  54.5  cc.  at  0°,  760  mm.,  giving 
1 13.3  as  the  hydrogen  number,  which  represents  82.8%  eugenol. 

Fig.  14  shows  the  results  of  two  experiments  with  a  commercial  clove  oil. 
For  No.  I,  0.4104  g.  was  taken,  which  absorbed  55.0  cc.  at  26°,  763  mm., 
equivalent  to  47.0  cc.  at  0°,  760  mm.  Hydrogen  number,  114.6;  eugenol 
=  83.8%.  For  No.  2,  0.4339  g.  oil  was  used.  The  absorption  at  27°, 
763  mm.  was  58.3  cc,  equivalent  to  49.5  cc.  at  0°,  760  mm.  Hydrogen 
number,  11 4.0;  eugenol  =  83.3%. 

Fig.  15  represents  reductions  of  pimenta  oil.  For  No.  i,  0.4592  g.  of  a 
representative  commercial  oil  was  taken,  which  absorbed  at  27°,  763  mm., 
53.0  cc.,  equivalent  to  44.9  cc.  at  o®,  760  mm.  Hydrogen  number, 
97.8;  eugenol  =  71.5%.  For  No.  2,  0.6830  g.  of  the  same  oil  was  used. 
Under  the  same  experimental  conditions  there  were  absorbed  78.7  cc., 
equivalent  to  66.8  cc.  at  0°,  760  mm.  Hydrogen  number,  97.8; 
eugenol  =  7i-5%- 

The  values  for  the  vapor  pressure  of  the  solvent  (50%  alcohol),  used  in 
calculating  these  results  were  interpolated  between  figures  published  by 
Doroschewski,^  and  are  given  in  Table  I. 

Table  I. 

Temperature.  V.  p. 

26.0  52.5 

26.5  54  o 

27.0  55-5 

275  57.0 

28.0  58.8 

28.5  60.5 

29.0  62.6 

29.5  64.4 

30.0  66.8 

Experiments  carried  out  in  this  laboratory  indicate  that  the  effect  of 
either  the  catalyzer  or  oil  upon  the  vapor  pressure  of  the  alcohol  is  negli- 
gible. 

The  results  of  the  above  described  experiments  are  given  in  Table  II. 

It  is  planned  to  obtain  a  number  of  additional  authentic  samples  of 
these  and  of  other  oils,  so  that  this  table  may  be  amplified  and  limits  for 
the  hydrogen  numbers  set.  It  is  further  our  intention  to  adapt  the  method 
to  those  materials  which  at  present  seem  to  offer  greater  difficulty,  and  to 
devise  a  simpler  and  less  expensive  form  of  apparatus  which  may  aid  the 
method  in  finding  commercial  application. 
*  Z.  physik.  Chem.,  73,  192  (1910). 
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Tablb  II. 


Per  cent.  Thcorcticsl 

Hydrogen  of  actiye         per  cent,  of  ac- 
Figure.                          Subitance.                            number.           constituent,      uve  coostitncnt. 

3 Safrol                                    135-6  98-3                 loo.o 

4 Limonene 

5 Imitation  sassafras  oil        z z i  .9  81 .  i                  80.0 

6 Authentic  sassafras  oil       103 .  z  74 .8 

102.0  74.0 

7 Anethol                              150.5  99.6                zoo. a 

8 Iznitation  anise  oil              Z25.Z  82.4                  80. a 

Z27.0  83.7                  80.0 

9 Commercial  anise  oil          Z25 .8  82 . 9 

127.3  83.9 

zo Commercial  fexmel  oil        zoz  .3  66. 8 

Z02 . 7  67 . 7 

z  z Eugenol                              134. 4  98 .3                zoo.o 

Z2 Imitation  clove  oil             Z13.2  82.8                 80.0 

ZZ3.3  82.8                 80. a 

Z3 Conmiercial  clove  oil          ZZ4.6  83 .8 

ZZ4.0  83.3 

Z4 Conmiercial  pimenta  oil      97 .8  7z  .5 

97.8  7z  5 
WAamMOTOM,  D.  C. 
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THREE  ISOMERIC  ETHYL  SECONDARTBUTYL  HYDROZTL- 

AMINES. 

By  Laudbr  WxUriAM  Jonss  and  Lbonora  NsumK. 
Received  July  31.  1914. 

By  the  substitution  of  two  different  groups  for  hydrogen  in  hydroxyl- 
amine,  three  isomeric  compounds  are  possible  and  may  be  represented 
by  the  following  general  formulas : 


Riv  Riv  H 

>N— OH  >N-OR2  >N— ORi 

r/  W  R, 


> 


A.  B.  C. 

Compounds  of  the  type  A,  /8,/8-derivatives,*  were  first  prepared  by  Bewad.*^ 
The  first  representative  of  types  B  and  C,  a,/3-derivatives,  was  the  a- 
benzyl-/8-ethyl  derivative  prepared  by  Behrend  and  Leuchs*  in  1890* 
Since  then  no  compounds  of  the  a,P  type* containing  two  different  radicals 
were  described  until  Jones,*  in  1907,  prepared  two  isomeric  compounds^ 
viz,,  a-ethyl  jS-methyl-  and  a-methyl-j8-ethyl  hydroxylamines. 

It  is  the  purpose  of  the  present  paper  to  describe  the  preparation  and 
properties  of  two  new  a,/3-diaIkyl  hydroxylamines,   which   are  isomeric 

^  In  this  paper  a  =  attached  to  O;  i5  =  attached  to  N. 

»  Bewad,  Ber.,  [i]  479  (1888);  /.  russ.  phys.  Ckem,  Soc.,  32,  420  (1900). 

•  Behrend  and  Leuchs,  Ann.,  257,  237  (1890). 

*  Jones,  Am.  Ghent.  /.,  38,  253  (1907). 
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-with  the  first  dialkyl  hydroxylamine  prepared  by  Bewad,  namely,  fi- 
ethyl-/J-secondarybutyl  hydioxylamine.  The  following  formulas  repre- 
sent the  three  isomers: 


CHsv  sec.  C4Hry  CH^v 

>N--OH  >N— OCH»  y>N— O— C4H»  sec. 

CHr-Cr  W  W 

/\ 
H         COIfi 

I.  II.  III. 

Historical. 

J.  P'Ethyl  pSecondarybutyl  Hydroxylamine, — In  an  article  on  the  action 
of  zinc  ethyl  on  nitro  compounds  of  the  fatty  series  and  on  their  bromo 
derivatives  published  in  1888,*  Bewad  described,  what  he  believed 
to  be,  triethyl  hydroxylamine  obtained  by  the  action  of  zinc  ethyl 
on  nitroethane.  In  this  first  stage  of  the  reaction  he  obtained  a  crystalline 
compotmd  which  he  assumed  to  have  the  formula  2C8H6NOt+ 
Zn(CsH6)s.  The  subsequent  disappearance  of  these  crystals  was  ex- 
plained by  the  formation  of  (C2H6)3N(OZnC9H6)s  which  interacted  with 
water  to  give  the  hydrate  of  triethyl  hydroxylamine, 
(CH6)3N(OZnCH6)»  +  4H»0  =  (C,H5)8N(OH),  +  2CH«  +  2Zn(0H),. 
He  assumed  that  the  hydrate  lost  water,  leaving  triethyl  hydroxylamine, 
(CjHb)8N  =  O.  Upon  reducing  the  supposed  triethyl  hydroxylamine, 
Bewad  believed  he  obtained  triethyl  amine,  and,  therefore,  arrived  at 
the  conclusion  that  the  action  of  zinc  alkyls  on  nitroparaffins  was  a  means 
of  preparing  trialkyl  hydroxylamines. 

In  1899,  Dtmstan  and  Goulding^  showed  that  by  the  action  of  ethyl 
iodide  upon  diethyl  hydroxylamine,  triethyl  oxamine  was  produced. 
They  gave  an  account  of  its  reactions  and  showed  it  to  be  a  true  oxamine, 
(C»Hb)8N  =  O,  and  not  the  isomeric  triethyl  hydroxylamine  (CjHj)^- 
NOCsHb.  They  later  obtained  the  same  compound  by  the  direct  oxida- 
tion of  triethylamine  with  hydrogen  peroxide.  Bewad  had  given  his 
compotmd  the  formula  (CsH6)sN  =  O,  on  account  of  its  having  furnished, 
as  he  believed,  triethylamine  upon  reduction.  But  the  properties  of  Be- 
wad's  compound  differed  so  markedly  from  those  of  the  compoimd  de- 
scribed by  Dunstan  and  Goulding,  it  was  considered  possible  that  Bewad 
had  obtained  the  isomeric  triethyl  hydroxylamine,  (C2H6)2N — OC2H6, 
and  not  the  oxamine.  But  the  properties  of  the  compound  described  by 
Bewad  were  not  such  as  would  be  expected  from  a  substituted  hydroxyl- 
amine of  the  formula  (CsH5)2NOC2H6. 

In  1900,  Lachman*  prepared  /3-diethyl  hydroxylamine  by  the  action 

*  Bewad,  /.  Russ.  Phys.  Chem.  Soc.,  1,  125  (1888). 

*  Dunstan  and  Goulding,  Trans.  J.  Chem.  Soc.,  75,  792  (1899). 

*  Lachman,  Ber.,  33,  1022  (1900). 
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of  zinc  ethyl  on  diphenyl  nitrosamine,  and  found  the  product  to  be  identical 
with  the  one  obtained  by  Dunstan  and  Goulding  from  ethyl  iodide  and 
hydroxy lamine.  The  identity  of  these  two  compounds,  and  the  isomerism 
existing  between  the  triethyl  oxamine  of  Bewad  and  of  Dunstan  and 
Goulding  led  Lachman  to  compare  the  properties  of  the  two  triethyl 
oxamines  obtained  by  the  two  methods.  He,  too,  concluded  that  Bewad's 
compound  had  not  the  same  properties  as  Dtmstan's  and  Goulding's 
triethyl  hydroxylamine.  Lachman,  to  investigate  the  problem  further, 
prepared  a  compotmd  by  the  action  of  methyl  iodide  upon  Bewad 's  so- 
called  triethyl  oxamine  and  assigned  to  it  the  formula  (C2H6)3NOCHsI, 
having  concluded  that  it  imderwent  decomposition  into  formaldehyde 
and  triethyl  amine.  This,  however,  did  not  agree  with  the  conclusion 
he  had  previously  reached,  that  Bewad's  compound  was  not  identical 
with  Dunstan's  and  Goulding's. 

It  was  soon  shown  that  the  properties  Lachman  had  assigned  to  his 
methyl  iodide  derivative  were  not  correct.  Almost  simultaneously, 
Bewad^  and  Dunstan  and  Goulding*  arrived  at  the  conclusion  that 
Bewad's  supposed  triethyl  hydroxylamine  was  /3-ethyl-j8-secondary  butyl 
hydroxylamine,  and  the  formula  C2H6(CH8)CHN(C2H6)OH  satisfactorily 
accounted  for  its  properties.  Bewad  described  a  general  method  for  the 
preparation  of  jS-dialkyl  hydroxylamines  by  the  action  of  zinc  alkyls  on 
primary  or  secondary  nitroparaffins.  The  /8-dialkyl  hydroxylamines 
obtained  in  this  way  were  identical  with  the  ones  prepared  by  Dunstan 
and  Goulding  by  the  action  of  alkyl  iodides  upon  hydroxylamine. 

In  the  preparation  of  the  a,i3-compounds  containing  the  same  two  alkyl 
groups  as  Bewad's  fiffi  compoimd,  the  method  described  by  Jones  in  the 
preparation  of  two  isomeric  af,i3-methyl  ethyl  hydroxylamines  was  fol- 
lowed.* Two  different  alkyl  groups  were  introduced  successively  into 
hydroxyurethane,  and  the  resulting  product  hydrolyzed.  To  prepare 
the  mono-substituted  hydroxyurethane,  an  alcoholic  solution  of  hydroxy- 
urethane was  mixed  with  a  theoretical  quantity  of  alkyl  halide,  and  treated 
with  the  calculated  amount  of  potassium  hydroxide  dissolved  in  alcohoK 
The  potassium  iodide  which  separated  was  filtered  oflF,  and  the  solution 
extracted  with  ether.  In  the  work  of  Jones,  and  in  the  later  work  of  Hecker* 
the  ether  solution  was  found  to  contain  a  mixture  of. the  mono-  and  di- 
alkyl  esters  of  hydroxyurethane.  These  two  products  were  separated 
by  shaking  the  ether  solution  with  dilute  alkalies,  whereby  the  salt  erf  the 
mono-alkyl  compound  dissolved  in  water,  and  the  di-compound 
remained  in  the  ether  solution.      But  in  the  preparation  of   the  second -^ 

'  Bewad,  /.  Russ.  Chem.  Sac.,  32,  420  (1900). 

2  Dunstan  and  Goulding,  /.  Chem.  Soc,  79,  641  (1901). 

»  Jones,  Am.  Chem.  J..  38,  253  (1907). 

*  Hecker,  Ibid.,  50,  444  (1913). 
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arybutyl  hydrox3ruretliane  no  di-derivative  was  formed.  This  was 
shown  by  extracting  with  dilute  alkali,  and  fractionating  the  ether 
solution  which  was  left.  Only  a  few  drops  of  an  oil  were  obtained  and 
these  gave  an  analysis  agreeing  with  that  for  the  mono-compound. 

To  prepare  the  a,/9-dialkyl  derivatives,  equivalent  quantities  of  the 
monoalkyl  hydroxyitfethane  and  of  alkyliodide  were  treated  with  the 
thecH^tical  amotmt  of  sodium  ethylate  in  alcohol.  The  a,/9-dialkyl 
derivatives  of  hydroxyurethane  were  converted  into  their  corresponding 
hydroxylamines  by  heating  them  with  an  excess  of  potassium  hydroxide 
solution  in  sealed  tubes,  at  a  temperature  below  loo**.  The  product  was 
distilled  into  dilute  hydrochloric  acid,  and  the  resulting  chloride 
decomposed  with  solid  potassium  hydroxide. 

The  hydroxyurethane  used  in  the  following  work  was  prepared  accord- 
ing to  the  method  described  by  Jones.* 

Experimental  Part. 

IL  The  Preparation  of  a-Ethyl  P-Secondarybutyl  Hydroxylamine. 

The  a-ethyl  hydroxymrethane  used  was  prepared  according  to  the  method 
described  by  Jones.^ 

O  =  C— OCH5 

(a)     a-Ethyl     ff-Secondarybutyl     Hydroxyurethane,  \  . — 

C4H9—N--OC2H, 
Thirty  grams  of  secondarybutyl  iodide  and  23  g.  of  a-ethyl  hydroxyiu-ethane 
were  mixed  with  a  quantitative  amount  of  sodium  ethylate  and  enough 
absolute  alcohol  to  make  a  homogeneous  mixture.  Wl\en  the  mixture 
was  allowed  to  stand  at  room  temperature  for  five  days,  a  slight  precipitate 
formed.  The  contents  of  the  flask  were  then  heated  on  a  water  bath  for 
3  hrs.  A  heavy  precipitate  of  sodium  iodide  was  formed  and  was  filtered 
ofF.  After  most  of  the  alcohol  was  removed  by  distillation,  the  solution 
was  diluted  with  water  and  extracted  repeatedly  with  ether.  Traces  of 
iodine  were  removed  with  soditmi  thiosulfate  and  the  ether  solution  was 
dried  with  sodium  sulfate.  The  ether  was  removed  by  distillation  and 
the  residue  fractionated  under  diminished  pressure.  Upon  analysis, 
the  colorless  oil  which  was  obtained  was  found  to  contain  more  nitrogen 
than  was  required  by  theory.  The  oil  was  found  to  contain  a  small  amotmt 
of  unconverted  hydroxyiu'ethane  which  was  readily  removed  by  shaking 
it  with  sodium  hydroxide  solution.  After  drying  the  oil  and  fractionating 
it  again,  10.2  g.  of  a  colorless  liquid  with  a  peculiar,  rather  pleasant  odor 
were  obtained.  It  boiled  at  105-106.4°  under  55  mm.  pressure,  was  only 
slightly  soluble  in  water,  but  readily  soluble  in  alcohol  and  in  ether. 
Calc.  for  CfHitOsN:  N,  7  41;  found:  79- 

*  Jones,  Am.  Chem.  J.,  20,  41  (1898). 
'  Jones,  hoc.  cit. 
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H 

I 

(b)  a-Ethyl  ffSecandarybutyl  Hydroxylammonium  Chloride,  H~N— OCiHf, 

CI  C4H9 

.  — Five  grams  of  a-ethyl  |8-secondarybutyl  hydroxyiirethane  were  mixed 
with  a  water  solution  containing  7  g.  of  potassium  hydroidde  and  heated 
in  a  sealed  tube  from  95-100°,  for  36  hrs.  The  contents  of  the  tube 
were  distilled  into  a  dilute  solution  of  hydrochloric  acid.  The  acid  solu- 
tion was  evaporated  to  the  consistency  of  a  thick  oil  and  was  then  trans- 
ferred to  a  vacuum  desiccator.  When  the  last  traces  of  liquid  were  re- 
moved, a  colorless  crystalline  solid,  somewhat  deliquescent,  remained. 
This  was  ptuified  by  dissolving  in  absolute  alcohol  and  reprecipitating  it 
with  dry  ether.  Its  melting  point  was  94**.  1.9  g.  were  obtained.  The 
chloroplatinate  was  precipitated  as  a  yellow  well  defined  crystalline  solid, 
by  mixing  an  alcoholic  solution  of  the  hydrochloride  *with  an  alcoholic 
solution  of  platinic  chloride,  and  adding  an  excess  of  dry  ether. 
Calc.  for  CiiHiaOiNPtCU:  Pt,  30.30;  found:  30. 07. 

H— N— OCH, 
{c)  a-Ethyl  fi-Secondarybutyl  Hydroxylatnine,         \  . — One  and 

C4H, 
five-tenths  grams  of  the  chloride  were  placed  in  a  distilling  flask 
and  covered  with  an  excess  of  powdered  potassium  hydroxide.  Action 
began  at  once,  and,  upon  application  of  gentle  heat,  a  colorless  liquid 
with  a  faint  but  distinct  ammoniacal  odor  and  boiling  at  88.4-89**  was 
obtained. 

Calculated  for  CftHuON:  N,  11.96;  found:  11.76. 

III.  The  Preparation  of  a-Secondarybutyl  fi-Etkyl  Hydroxylamine. 

0==C— OCHi 
(a)    a-Secondarybutyl   Hydroxyurethane,  I  . — An    alcoholic 

H— N— OCUH, 

solution  containing  100  g.  of  secondarybutyl  iodide,  57  g.  of  hydroxy- 
urethane  and  30.4  g.  of  potassium  hydroxide  were  allowed  to  stand  for 
several  days  and  then  was  heated  for  two  hours  on  a  water  bath.  The 
precipitate  of  potassium  iodide  which  separated  was  filtered  oflF  and  the 
•excess  of  alcohol  removed  by  distillation.  Water  was  added  and  the  solu- 
tion extfacted  repeatedly  with  ether.  The  ether  solution  was  extracted 
with  a  calculated  amount  of  potassium  hydroxide  solution,  a  solution  of 
the  potassium  salt  of  a-secondarybutyl  hydroxyurethane  being  thereby 
obtained. 

The  free  ester  was  obtained  by  acidifying  the  solution  with  10%  sul- 
furic add,  extracting  it  with  ether,  after  removing  traces  of  iodine,  drying, 
and  fractionating.  The  fractionation  was  carried  out  under  diminished 
pressure,    as   the   ester   decomposed   at   atmospheric   pressure.     Before 


Digitized  by  VjOOQIC 


THRBE  ISOMERIC  BTHYI.  SECONDARYBUTYL  HYDROXYLAMINES.     2207 

a  satisfactory  analysis  cbtild  be  made,  it  was  necessary  to  remove  traces 
of  oxytirethane  by  shaking  the  oil  with  sodimn  hydroxide  solution. 

Thirty-four  grams  of  a  colorless  oil,  with  a  peculiar,  rather  tmpleasant 
odor,  slightly  soluble  in  water,  and  boiling  at  116-116.6**  at  27  mm.,  were 
obtained. 

Calculated  for  CyHuOtN:  N,  8.69;  found:  8.88. 

O  -  C— OC2H5 
(6)    a-Secondaryhutyl     fi-Ethyl     Hydroxyurethane,  \  . — 

CHr-N— OC4H, 
A  mixture  of  10  g.  of  a-secondarybutyl  hydroxyitfethane,  9.6  g.  of  ethyl 
iodide  and  the  calculated  amotmt  of  sodium  ethylate  in  absolute  alcohol 
was  treated  as  described  under  a-ethyl  /8-secondarybutyl  hydroxyiu-ethane. 
6.8  g.  of  a  colorless  oil,  very  slightly  soluble  in  water  and  boiling  at  86.5- 
87*^  under  30  mm.  pressiu'e  were  obtained. 

•    Calculated  for  CfHi»0|N:  N,  7.41;  found:  7.72. 

H 

^  I 

(cj  a-Secoftdarybutyl  fi-Ethyl  Hydroxylammonium  Chloride,  H— NOCJI.. 

CI  CiH. 
— ^Five  grams  of  a-secondarybutyl  /8-ethyl  hydroxyurethane  were  sealed 
in  a  tube  with  a  water  solution  containing  20  g.  (large  excess)  of  potassium 
hydroxide.  The  tube  was  heated  for  40  hrs.  at  98-103  *',  The  contents 
of  the  tube  were  treated  as  described  imder  a-ethyl  /8-secondarybutyl 
hydroxylammonium  chloride,  i  .8  g.  of  an  oily  white  solid,  too  deliquescent 
to  make  a  melting  point  determination,  were  obtained.  The  chloro- 
platinate  was  prepared  and  precipitated  by  dry  ether  as  a  deep  yellow, 
crystalline  solid. 

Calc.  for  [CiHiNOC4HtH2lPtCle:  Pt,  30.30;  found:  N,  30.11. 

H 

(d)  a-Secandarybutyl    ff-Ethyl    Hydroxylamine,    N-— OC4H,. — One    and 

•  I 
COI, 
three-tenths  grams  of  the  hydrochloride  were  placed  in  a  distilling  flask 
with  3  g.  of  powdered  potassium  hydroxide.  Action  began  at  once.  The 
flask  was  heated  gently  and  a  colorless  liquid  with  a  distinctly  ammoniacal 
odor  was  collected  in  an  ice-cooled  receiver.  Its  boiling  point  was  found 
to  be  93-5-94 ''• 

Calc.  for  C«HuON:  N,  11.96;  found:  N,  11.76. 
IV.  The  Preparation  of  aSecondarybutyl  Hydroxylamine. 

H 

(a)  a-Secondarybutyl    Hydroxylammonium    Chloride,     H — ^N — OC4H,. — 

/\ 

CI  H 
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Ten  grams  of  a-secondarybutyl  hydroxyuretharie  were  sealed  in  a  tube 
with  20  g.  of  potassium  hydroxide  dissolved  in  water  and  heated  at  90- 
ioo°,  for  28  hrs.  The  contents  of  the  tube  were  treated  as  described  above 
and  2.4  g.  of  a  white,  crystalline  solid,  melting  at  54.7-55°  and  not  in  the 
least  deliquescent,  were  obtained.  The  chloroplatinate  was  precipitated 
as  beautiful,  well  defined,  deep  yellow  crystals. 

Calc.  for  [CiHtONHsliPtCle:  Ft,  33   19;  found:  Ft,  32. 89. 

(6)  a-Secondaryhutyl  Hydroxylamine,       >N — OC4H9. — One  and  eight- 

tenths  grams  of  the  chloride  and  5  g.  of  potassium  hydroxide  were 
gently  heated  in  a  distilling  flask.  A  clear,  colorless  liquid  with  a  strongly 
ammoniacal  odor,  boiling  at  85.5**,  was  obtained. 

Calc.  for  C4HnON:  N,  15.72;  found:  N,  15.78. 

The  preparation  of  a-ethyl  i3-secondarybutyl  and  a-secondarybutyl 
i3-ethyl  hydroxylamines  completes  a  set  of  three  isomers  of  the  lype 
R1R2HNO. 

The  following  table  summarizes  the  properties  of  the  compounds  described : 

Esters  of 
hydroxyureUiaQe. 

/8-Ethyl  /3-sec.-butyl 

a-Ethyl  /J-sec.-butyl . . .     105-106 . 4  **  [55  mm.  ] 
a-Sec.-butyl  /8-ethyl ...     86 . 5-87  (30  mm. 
a-Sec.-butyl 116-116.6**  (27  mm.] 

Summary. 

(i)  The  preparation  and  properties  of  secondarybutyl,  and  mixed  ethyl 
secondarybutyl  hydroxyurethanes  are  described  in  this  paper.  These 
compotmds  are  high  boiling,  oily  liquids  with  a  characteristic  odor.  They 
reduce  neither  ammoniacal  silver  nitrate  nor  Fehling's  solution.  They 
are  readily    hydrolyzed  by  potassium  hydroxide  solution  below   100**. 

(2)  The  preparation  and  the  properties  of  secondarybutyl,  and  mixed 
ethyl  secondarybutyl  hydroxylamines,  their  chlorides  and  chloro- 
platinates  are  described.  The  free  hydroxylamines  are  liquids  which  have 
a  characteristic  ammoniacal  odor,  all  boil  between  85  and  90*^  at  ordi- 
nary pressure,  and  are  reducing  agents  toward  ammoniacal  silver  nitrate 
in  the  cold,  and  toward  Fehling's  solution  when  heated. 

Cincinnati,  Ohio. 


Alkyl 
hydrozyUmiiK 
B.  p. 

Alkyl  hydroxyl 
es.          ammonintn  chloride. 
M.p. 

155-158'* 

(Bewad) 

56^57'  (Bewad) 

88.4-89** 

94^ 

93.5-94'' 

[deliquescent] 

85.5" 

54-7-55*' 

[Contribution  from  the  Chemcai,  Laboratory  op  the  University  of  Cincinnati.  ] 

SOME  NEW  HYDROXYURETHANES  AND  CHROMOISOMERIC 

SILVER  SALTS  OF  THEIR  ACYL  DERIVATIVES. 

By  Laudsr  Wiluam  Jonbs  and  Ralph  Obspbr. 
Received  July  31,  1914. 

In  a  recent  article*  we  described  some  experiments  which  had  in  view 
*  This  Journal,  36,  726  (191 4). 
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the  preparation  of  mixed  oximidocarbonic  esters,  i.  e,,  compounds  of  the 

RO— C— 0R» 
type  II  .It   seemed   possible   to   obtain  these  compoimds  by 

N— OH 
several  different  methods,  but,  so  far,  none  of  them  has  proved  satisfactory. 
We  have  foimd  that  the  reactions  expected  either  did  not  occur,  or  that 
tmstable  products  were  formed  which  we  were  not  able  to  isolate,  or  that 
isomers  of  the  desired  materials  were  produced.  Although  we  have  not 
been  able  to  work  out  a  general  method  of  preparing  mixed  oximido- 
carbonic esters,*  we  have  obtained  some  very  interesting  results,  and  an 
account  of  these,  together  with  a  description  of  our  experiences  with  the 
various  reactions,  form  the  subject  matter  of  this  paper. 

Our  first  experiments  were  directed  toward  the  preparation  of  the  imido- 
carbonic  esters,  since  these  compounds  can  be  converted  into  the  cor- 
responding oximido  esters*  by  treatment  with  hydroxylammonium 
chloride.  By  the  action  of  sodium  ethylate  on  cyanimidocarbonic  ethyl 
ester  Nef*  obtained  imidocarbonic  ethyl  ester: 

CsHiO— C— CN  CiHsO— C— OCH, 

II  -f  NaOCsHfi   =   NaNC  +  || 

NH  NH 

By  using  other  alcoholates  in  place  of  sodium  ethylate,  the  mixed  imido- 
carbonic esters  might  be  obtained,  from  which  the  oximido  esters  could  be 
formed: 

C,H*0— C— CN  CiH«0— C-OR 

II  -f  NaOR  =  NaNC  +  1| 

NH  NH 

CH4O— C— OR  C,H,0— C— OR 

II  +  NHsOHCl  =  II  4-  NH4CI 

NH  NOH 

Preliminary  experiments  indicate  that  these  reactions  take  place  readily 
when  aliphatic  alcoholates  (including  sodium  benzylate)  are  allowed  to 
react  with  the  cyanimidocarbonic  ester,  but  sodium  phenolate,  and  a-  and 
/3-naphtholate  reacted  very  slowly,  if  at  all,  and  then  gave  rise  to  thick 
black  oils  from  which  it  was  not  possible  to  extract  any  of  the  desired 
imidocarbonic  esters.  A  further  study  of  the  influence  of  the  acid  char- 
acter of  the  aromatic  alcohols  will  be  made  later. 

Experiments  were  also  carriecUout  in  which  attempts  were  made  to  ex- 
tend a  method  used  by  NeP  for  the  preparation  of  cyanimidocarbonic 

RO— C— CN 
ethyl  ester  to  the  other  compoimds  of   the  type  ||         -By   the 

NH 

»  Houben  and  Schmidt,  Ber.,  46,  2458  (1913);    Jones  and  Oesper,  This  Journal, 
36,  729  (1914)- 

2  Nef.  Ann.,  287,  286  (1895);  5^''»  4^1  2458  (1913)- 
'  Nef,  hoc,  cit.,  p.  293. 
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action  of  potassium  cyanide  upon  an  alcoholic  solution  of  bromocyanogen, 
he  obtained  cyanimidocarbonic  ethyl  ester,  but  when  isoamyl  alcohol 
or  phenol  was  substituted  for  the  ethyl  alcohol,  in  the  hope  of  obtaining 
the  corresponding  isoamyl  or  phenyl  ester,  the  chief  product  of  the  reaction 
was  a  black  tar,  and  the  alcohol  or  the  phenol  apparently  had  taken  no 
part  in  the  reaction.  When  an  aqueous  solution  of  the  cyanide  was  slowly 
added  to  an  ether  solution  of  the  bromocyanogen  and  the  alcohol  at  tem- 
peratures not  exceeding  — 5**,  a  greenish  yellow  oil  was  formed  which 
changed  to  a  black  semi-solid  mass  as  soon  as  the  temperature  rose  to  10^. 
Although  these  experiments  were  repeated  imder  the  most  varied  con- 
ditions, using  dilute  or  concentrated  solutions  of  the  cyanide,  or  even 
adding  powdered  cyanide  to  a  moist  ether  solution  of  the  other  materials, 
a  definite  product  was  not  obtained,  and  fiu^er  efforts  to  prepare  these 
compotmds  in  this  way  were  abandoned. 

It  seemed  probable  that  the  mixed  oximidocarbonic  esters  might  be 
prepared  by  the  following  method:  The  salts  of  the  acyl  derivatives  of 
carbalkoxyhydroximic  adds,  when  treated  with  alkyl  halides,  might  be 
expected  to  give  acylated  oximidocarbonic  esters. 

MO— C— OR  RK>-C— OR 

II  4-  R*I  -  II  +  MI 

NOC— CeH,  NOC— C«H, 

II  II 

o  o 

On  careful  hydrolysis  with  alkalies,  the  acyl  radical  might  be  eliminated. 

RiQ— C— OR  RiQ— C— OR 

II  4-  KOH   =  II  +  OH,— COOK 

NOC— C«Hs  NOH 

II 
O 

However,    the   acylated    derivatives   of   the   carbalkyloxyhydroxamic 

acids  may  exist  in  two  possible  forms: 

HO— C— OR  O = C— OR 

II  I 

NOC— CdH,  H— NOC— OH, 

II  II 

o  o 

(I)  ..  (H) 

If  the  silver  salts  correspond  to  Formula  I,  then  the  reaction  outlined  above 
might  lead  to  the  desired  compotmds,  but  if  they  react  according  to  t3rpe 

0=C— OR 
(II),  isomeric  derivatives,  ||         ,  would  be   obtained.    When   such 

RL- NOH 
possibilities  exist,  the  silver  salt  usually  gives  compounds  in  which  the 
alkyl  group  is  bound  chiefly  to  oxygen,  while  the  sodium  salt  leads  to  the 
corresponding  nitrogen  derivative.    In   the  cases  investigated  so  far, 
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viz.,  those  in  which  either  the  ethyl  group  or  the  isoamyl  group  was  intro- 
duced, we  have  found  that  the  silver  salts  gave  rise  to  nitrogen  esters^. 
since  the  resulting  compotmds,  when  hydrolyzed  with  hydrochloric  acid, 

<0H 
This    proved    that 
H 
the  alkyl  group  was  botmd  to  nitrogen.    Under  the  same  treatment,  the 
isomeric  oxygen  derivatives  would  have  yielded  hydroxylamine  itself. 

RO— C— OR 

Furthermore,  compounds  of  the  form         NO— C— -R  have  been  prepared^ 

II 
O 

and  were  f otmd  to  be  crystalline  solids,  while  the  nitrogen  alkyl  derivatives 

obtained  by  us  were  oils,  which  did  not  solidify,  even  when  cooled  to  — 20**. 

It  is  possible  that  moist  silver  oxide  may  form  silver  salts  with  the  metal 

botmd  to  oxygen,  just  as  Tafel  and  Enoch^  have  assumed  to  be  the  c^se 

HO— C— OR 

for  amides,  or  that  some  of  the  other  compounds  of  the  type         NOC— R» 

II 
O 

may  give  the  desired  mixed  oximido  esters.  Then  again  it  may  be  that 
the  oxygen  esters  actually  were  formed  first,  and  that  the  conditions  of 
our  experiments  have  not  been  chosen  properly  to  prevent  their  rearrangfe- 
ment  to  N-esters,  in  much  the  same  way  that  imido  esters  have  been  found 
to  rearrange  to  give  alkyl  amides.' 

As  a  matter  of  fact,  we  have  found  that  some  of  these'  silver  salts  may 
be  obtained  in  two  forms,  white  and  yellow,  which,  under  proper  condi- 
tions, may  be  converted  into  one  another.  It  is  possible  that  these  may 
be  the  oxygen  and  nitrogen  silver  salts,  i,  e,,  they  may  correspond  to  For- 
mula I  and  II,  respectively.  In  this  case,  by  choosing  the  proper  condi- 
tions, it  should  be  possible  to  form  the  desired  mixed  oximidocarbonic 
esters.    These  silver  salts  will  be  described  at  length  somewhat  later. 

0=C— OCiH. 
Carbethoxyhydroxamic    acid    (hydroxyurethane),  |  ,    was 

H— N— OH 
first  prepared  by  Hantzsch.*    Jones*  modified  the  method  of  preparation, 
and  also  studied  some  of  its  alkyl  and  acyl  derivatives.    This  modified 
method  has  now  been  applied  in  the  preparation  of  several  of  the  homologs 

*  Tafel  and  Knoch,  Ber.,  23,  104  (1890);  Meyer  and  Jacobson,  Lehrbuck,  Vol.  i,  p. 
615. 

'  Comstock  and  Wheeler,  Am.  Chem.  J.,  13,  522  (1891);  Wheeler,  Ihid.,  21,  1865 
(1899);  33,  140  (1901). 

*  Hantzsch,  Ber.,  27,  1254  (1894). 

*  Jones,  Am.  Chem.  /.,  20,  39  (1898). 
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of  carbethoxyhydroxamic  acid,  and  also  the  benzyl  derivative,  H(HO)- 
N — CO.OC7H7,  the  first  solid  compound  of  this  type. 

The  benzoyl  esters  of  these  compounds  were  readily  obtained  by  treat* 
ing  the  aqueous  solution  of  the  hydroxamic  acid  with  benzoyl  chloride 
in  the  presence  of  potassium  carbonate.  The  silver  salts  of  these  esters 
were  precipitated  when  an  aqueous  solution  of  silver  nitrate  was  added  to  an 
alcoholic  solution  of  the  benzoyl  ester,  to  which  an  equivalent  quantity 
of  ammonium  hydroxide  had  been  added. 

When  treated  in  this  way,  all  of  the  compounds  investigated  produce 
bright  yellow  silver  salts;  but  while  the  yellow  color  of  the  methyl,  ethyl 
and.  propyl  compounds  was  permanent,  the  yellow  precipitates  produced 
in  the  case  of  the  higher  members  of  the  series  {viz.,  isobutyl,  isoamyl, 
benzyl)  immediately  became  colorless.  The  precipitates  separated  as 
curds,  and  if  one  of  the  lumps  was  broken,  the  interior  was  found  to  be  of 
the  original  yellow  color.  Whether  the  change  was  due  to  contact  with 
the  alcohol  or  the  water,  or  whether  the  phenomenon  was  a  photochemical 
one  has  not  yet  been  definitely  determined.  The  white  salts  are  much 
more  sensitive  to  the  Hght  than  the  yellow  ones,  and  blacken  readily, 
even  if  preserved  in  an  amber  desiccator. 

Interestingly  enough,  these  salts,  both  the  yellow  and  the  white,  were 
slightly  soluble  in  ether,  and  readily  dissolved  by  chloroform  or  benzene. 
When  alcohol  was  added  to  these  solutions,  bright  yellow  needles  were 
precipitated,  regardless  of  the  original  color  of  the  salt.  The  yellow  salts 
thus  produced  were  perfectly  stable,  scarcely  affected  by  light,  and  showed 
no  tendency  to  change  to  the  white  forms  at  room  temperature  (see, 
however,  the  silver  salt  of  the  isoamyl  derivative).  At  higher  tempera- 
tures, however,  the  conversion  was  rapid,  and  the  resulting  white  modifi- 
cations were  also  stable;  that  is,  at  room  temperature,  even  in  contact 
with  the  yellow  variety  they  did  not  revert  to  the  yellow  modifications. 
No  decomposition  occurred  during  this  change;  there  was  no  apparent 
change  in  the  crystalline  form,  and  both  modifications  had  the  same 
ultimate  composition,  which  was  that  of  the  simple  silver  salts,  without 
any  solvent  of  crystaUization.  Therefore,  the  two  forms  must  represent 
either  polymers  or  tautomers. 

In  the  dry  state,  the  yellow  silver  salt  of  the  benzoyl  ester  of  carbiso- 
amyloxyhydroxamic  acid  changed  to  the  white  modification  rapidly  at 
about  75  °,  and  it  seemed  possible  that  the  molecular  weight  in  boiling 
benzene  (b.  p.  80.5**)  might  differ  from  the  value  determined  by  the  freezing 
point  method  in  the  same  solvent.  If  the  same  values  were  obtained,  it 
would  argue  for  a  tautomeric  change,  while  if  the  values  were  multiples 
of  each  other,  polymerization  Would  be  indicated.  The  values  actually 
obtained,  however,  were  not  conclusive.  By  both  methods  of  determining 
the  molecular  weight,  association  of  two  or  more  molecules  was  indicated; 
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and  f  arthermore,  the  molecular  weight  of  these^X)mplexes  increased  as  the 
concentration  of  the  solutions  increased.  No  change  in  color  was  ap* 
parent  when  the  solution  was  raised  to  the  boiling  point,  and  the  change 
which  occurs  when  the  dry  salt  was  heated  probably  does  not  take  place 
in  solution,  or  proceeds  in  such  a  way  that  equilibrium  is  reached  between 
the  yellow  and  the  white  modifications. 

All  of  the  white  salts  investigated  so  far  dissolved  in  chloroform  or  in 
benzene  to  form  yellow  solutions  from  which  alcohol  precipitated  the 
yellow  salts.  As  mentioned  above,  when  prepared  in  alcoholic  solution, 
the  yellow  salts  of  the  compounds  with  the  larger  alkyl  radical?,  became 
white  on  the  surface  where  they  are  in  contact  with  the  solvent.  Further- 
more, if  the  yellow  salts  precipitated  from  chloroform  or  benzene  solutions 
were  dried  and  then  suspended  in  alcohol,  they  gradually  lost  their  yellow 
•color  and  passed  over  into  the  white  form.  Therefore,  it  appears  that 
low  temperatine  and  the  presence  of  chloroform,  benzene  (and  ether) 
favor  the  yellow  form,  while  alcohol,  water  and  higher  temperatures 
stabilize  the  white  salts.  No  solvent  has  been  found  in  which  the  white 
salts  do  not  change  to  the  yellow  form,  so  it  does  not  seem  possible  to  de- 
termine their  molecular  weight  at  present. 

All  the  chemical  evidence  indicates  that  the  yellow  salts  have  the  silver 
bound  to  nitrogen,  but  as  these  reactions  were  carried  out  in  the  presence 
of  ether,  which  favors  the  yellow  form,  it  may  be  that,  if  alcohol  (which 
favors  the  white  form)  is  used  as  the  medium,  alkyl  hahdes  may  react 
to  give  compotmds  in  which  the  alkyl  group  will  be  bound  to  oxygen. 
Such  results,  of  course,  would  indicate  that  the  white  and  yellow  salts  are 
tautomeric.  These  experiments  will  be  carried  out.  Likewise,  attempts 
will  be  made  to  prepare  the  carbalkyloxyhydroxamic  acids  containing 
large  aromatic  radicals  in  order  to  study  the  effect  of  such  groups  on  the 
relative  stability  of  the  white  and  yellow  forms. 

Experimental  Part. 

o  =  c~OR 

Derivatives  of    Carbalkyloxyhydroxamic    Acids,  \  . — The  only 

H— N— OH 

one  of  these  compotmds  which  has  been  described  is  the  ethyl  derivative 
prepared  by  Hantzsch  and  later  by  Jones.*  It  seemed  desirable  to  pre- 
pare some  of  the  homologs  of  this  compound  as  they  are  the  materials 
from  which  it  seemed  possible,  as  outlined  above,  to  obtain  the  oximido- 
-carbonic  esters.  The  method  used  by  Jones*  for  preparing  carbethoxy- 
hydroxamic  add  was  used  to  prepare  the  corresponding  methyl,  propyl, 
isobutyl,  isoamyl  and  benzyl  derivatives.  The  procedure  was  as  follows : 
One  equivalent  of  hydroxylammonium  chloride  was  pulverized  and 
thoroughly  mixed  with  two  equivalents  of  powdered  potassium  carbonate. 
>  Jones,  Loc.  Hi. 
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The  mixttire  was  covered  with  moist  ether  and  one  equivalent  of  the  chloro- 
carbonic  ester  was  added  in  small  portions,  while  the  flask  was  cooled  by 
running  water.  After  all  the  chlorocarbonate  was  added,  the  flask  was- 
connected  with  a  reflux  condenser,  and  the  reaction  mixture  allowed  to- 
stand  until  the  evolution  of  carbon  dioxide  had  ceased  (lo  to  12  hours).. 
0=C--OR  CMC— OR 

I  +  NHi(OH)Cl  +  KjCOt  -  I  -f  2KCI  +  CO,  +  H,0. 

CI  H— N7-OH 

After  removing  the  potassitun  chloride  by  filtration,  the  ether  was  washed 
with  a  small  quantity  of  water,  and  dried  over  fused  sodium  sulfate. 
The  ether  was  then  removed  by  distillation,  and  the  remaining  oil  was. 
placed  in  a  desiccator  which  was  exhausted  for  several  hotu^  to  remove- 
the  last  traces  of  ether.  In  this  way,  colorless  or  slightly  yellow  oils 
possessing  characteristic  odors  were  obtained.  The  benzyl  derivative^ 
was  a  crystalline  solid.  When  treated  with  ferric  chloride,  solutions  of 
these  compotmds  give  a  deep  blue  or  purple  color  reaction.  They  im- 
mediately reduced  ammoniacal  silver  nitrate. 

As    mentioned    above,    the    benzoyl    esters    of    these    compounds,. 
0=C— OR 

H — N— OC — CeHj,  were  formed  when  their  aqueous  solutions  were  treated 

I! 
o 

with  benzoyl  chloride  in  the  presence  of  potassitun  carbonate.  These- 
esters  may  be  purified  by  extracting  their  ether  solutions  with  sodium 
hydroxide.  If  carbon  dioxide  was  passed  through  the  alkaline  solution, 
the  benzoyl  esters  were  precipitated.  However,  these  compounds  were 
very  easily  hydrolyzed  by  dilute  alkalies,  even  in  the  cold,  and  some  of  the 
product  was  invariably  lost  in  this  way. 

7.  Derivatives  of  Carbmethoxyhydroxamic  Acid. 

0=C— OCH, 
Carbmethoxyhydroxamic    Acid,  \  . — ^Twenty-five    grams    of 

H— N— OH 
chlorocarbonic  methyl  ester,  18.4  g.  of  hydroxylammonium  chloride,  and 
36.5  g.  of  potassium  carbonate  produced  21  g.  of  thick  yellow  oil  which 
was  very  soluble  in  water.    This  was  not  analyzed  but  was  converted 
into  its  benzoyl  ester. 

0=C— OCH, 
I 
The  Benzoyl  Ester  of  Carbmethoxydroxamic  Acid,   H — N — OC — C«H». — 

O 
To  9  g.  of  carbmethoxyhydroxamic  add  and  6.8  g.  of  potassium  carbonate 
dissolved  in  water,  13.8  g.  of  benzoyl  chloride  were  added  in  small  portions. 
A  colorless  oil  separated  which  soon  solidified.    After  reoystallizatiotL 
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from  warm  chloroform  and  ligroin,  it  formed  white  needles  melting  at 
S2  ®.    The  yield  was  12.5  g. 

0.2550  g.  g^ave  17  cc.  Ni  at  29^  and  746  mm. 

Calc.  for  C|Hf04N:  N,  7. 18.     Found:  N.  7. 16%. 

The  compomid  was  soluble  in  ether,  in  chloroform  and  in  alcohol,  but 
insoluble  in  water  and* in  cold  ligroin. 

The  Silver  Salt  of  the  Benzoyl  Ester  of  Carbmethoxyhydroxamic  Acid, 
O  =  C— OCH, 

Ag — ^N— OC— CjHj. — Nine  grams  of  the   benzoyl  ester  described  above 

II 
o 

i^ere  dissolved  in  alcohol  and  the  equivalent  quantity  of  ammonium 

iydroxide  was  added  to  it.    When  this  solution  was  treated  with  7.8  g. 

of  silver  nitrate  dissolved  in  water,  a  bright  yellow  precipitate  was  formed 

which  was  separated  by  filtration,  washed  with  alcohol  and  water,  and 

•dried  on  a  porous  plate.    Yield,  11  g. 

0.4870  g.  gave  0.1735  g.  Ag. 

Calc.  for  C9H|04NAg:  Ag,  35- 74-     Found:  Ag,  35- 62%. 

The  salt  melted  at  149-150**,  was  very  stable  toward  light,  and  was  the 
only  one  of  the  silver  salts  investigated  which  was  not  soluble  in  chloroform 
or  in  benzene. 

//.  Derivatives  of  Carbethoxyhydroxatnic  Acid. 

The   Silver   Salt   of  the   Benzoyl   Ester   of  Carbethaxydroxamic  Add, 
O  =  C— OCiH, 

Ag — NOC--C«H,. — Forty  grams  of  this  salt^  were  obtained  by  the  action 

II 
O 

'Of  30  g.  of  silver  nitrate  on  37  g.  of  the  benzoyl  ester  of  carbethoxyhy- 
•droxamic  add.  After  the  salt  was  dried,  it  was  dissolved  in  warm  chloro- 
form, the  solution  filtered  and  cooled  to  — ^5^.  Alcohol  was  then  added 
-and  a  mass  of  bright  yellow  needles  was  precipitated.  These  were  col- 
lected on  a  filter,*  and  dried  on  a  porous  plate. 

0.3540  g.  gave  0.12 10  g.  Ag. 

Calc.  for  CioHic04NAg:  Ag,  34- 15-     Found:  Ag,  34- 18%. 

The  salt  was  readily  soluble  in  chloroform  and  in  benzene,  but  only  slightly 
-soluble  in  ether  and  insoluble  in  alcohol.  When  heated  to  156-157  ^ 
the  yellow  color  faded  and  a  pure  white  salt  resulted  which  darkens  rapidly 
if  the  temperature  was  raised  beyond  this  point.  The  salt  melted  with 
•decomposition  at  174^.  The  white  form  was  stable  at  room  temperature 
though  it  was  much  more  sensitive  to  light  than  the  yellow  variety  was. 
On  ignition,  a  sample  gave  the  following  values: 

*  Jones,  Loc.  cit.,  p.  49. 
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0.4356  g.  gave  0.1489  g.  Ag. 

Calc.  for  CioHio04NAg:  Ag,  34- 15-     Found:  Ag,  34- 18%. 

The  behavior  of  the  yellow  sUver  salt  when  treated  with  ethyl  iodide  or 
with  isoamyl  iodide  was  described  in  the  previous  paper,  ^  and  it  will 
sufSce  to  point  out  here  that  the  products  obtained  had  the  alkyl  bound 
to  nitrogen.  Samples  of  these  materials  which  had  not  been  distilled  gave 
the  same  products  when  hydrol3rzed  showing  that  no  rearrangement  had 
taken  place  during  the  distillation. 

Structure  of  the  Yellow  Silver  Salt, — ^Provided  direct  replacement  of  the 
metal  occmred,  the  formation  of  these  products  indicates  that  the 
silver  salt  has  the  silver  botmd  to  nitrogen.  If  this  be  true,  it  is  evident 
that  the  compound  produced  by  the  action  of  chlorocarbonic  ester  on  the 
silver  salt  of  dibenzhydroxamic  acid  should  be  identical  with  the  sub- 
stance formed  by  the  action  of  benzoyl  chloride  on  the  silver  salt  tmder 
discussion.     These  reactions  are  shown  by  the  following  equations: 

O  =  C— OCH5 

I 
Ag—N— OC— CtHs  -f-  C6H,C— CI 

»  =  C— OCiHs 


ii\ 


aHjC— N— OC— C«Hs  +  AgCl. 

Ag  CI    /f  \\  \\ 

I  I    /         o  o 

C«HsC— N— OCC«Hj  +  O  =  C— OCjHs 

II  II. 

o  o 

(a)  Action  of  Benzoyl  Chloride  on  the  Silver  Salt  of  Carbeihoxyhydroxamic 
Acid. — Eleven  and  five-tenths  grams  of  the  silver  salt,  suspended  in  ether, 
were  treated  with  5  g.  of  benzoyl  chloride.  After  standing  four  hours, 
the  silver  chloride  was  separated  by  filtration,  and  the  ether  was  removed 
by  distillation.  Bight  grams  of  a  colorless  oil  remained,  which  slowly 
deposited  prismatic  crystals.  When  recrystallized  from  ether  and  ligroin,. 
the  compound  melted  at  7^-72°. 

(6)  Action  of  Chlorocarbonic  Ethyl  Ester  on  the  Silver  Salt  of  Dibem- 
hydroxamic  Acid. — ^Five  grams  of  the  silver  salt  of  dibenzhydroxamic 
add'  were  treated  with  1.5  g.  of  chlorocarbonic  ethyl  ester  in  the  presence 
of  ether.  After  two  weeks,  the  silver  chloride  and  the  unchanged  silver 
salt  were  removed  by  filtration,  and  the  liquid  evaporated  in  vacuo.  Mtkr 
standing  for  several  days,  the  odor  of  the  ester  had  disappeared,  and  the 
remaining  oil  slowly  solidified.  The  crystals  melted  at  71-72*',  and  a 
mixture  of  the  products  of  the  reactions  described  under  (a)  and  (fr> 
melted  at  the  same  temperature. 

*  Jones  and  Oesper,  Tms  Journal,  36,  729  (1914). 

*  Lossen,  Ann.,  i6x,  360  (1872)  . 
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The  same  product,  therefore,  resulted  in  both  of  these  reactions,  and 
it  was  identical  with  the  dibenzoyl  ester  of  carbethoxyhydrozamic  add 
described  by  Jones,^  who  prepared  it  from  the  sodium  salt  of  the  benzoyl 
ester  of  carbethoxyhydroxamic  acid  and  benzoyl  chloride. 

///.  Derivatives  of  Carbpropyloxyhydroxamic  Acid. 

O  =  C— OC,H,  ' 

Carbpropyloxyhydfoxamic  Add,  \  . — ^Twenty-five  gleams  of 

H— N— OH 

chlorocarbonic  propyl  ester  were  added  to  a  mixture  of  14.2  g.  of  hydroxyl- 
ammonium  chloride  and  28  g.  of  potassium  carbonate.  22.5  g.  of  a  thick 
colorless  oil  were  obtained  which  were  converted  inte  the  benzoyl  ester. 

O  -  C— OCiH, 

Benzoyl    Ester   of  Carbpropyloxyhydroxamic    Acid,  H— N— OC— C|H,. — 

.         II  . 

f) 

Twenty-seven  grams  of  a  colorless  oil  were  obtained  by  the  action  of  20  g. 
of  carbpropyloxyhydroxamic  acid»  11. 5  g.  of  potassium  carbonate  and 
23.5  g.  of  benzoyl  chloride.  All  attempts  to  solidify  the  oil  were  un- 
successful. Accordingly,  it  was  di^olved  in  alcohol,  neutralized  with 
ammonium  hydroxide  and  2 1  g.  of  silver  nitrate  were  added  to  the  solution. 
A  bright  yellow  precipitate  was  obtained.  This  was  ciystalHzcd  trctd 
chloroform  and  alcohol,  and  fonhed  yellow  needles  which  melted  at  144- 

145".  •  '\     ;••'  ;:  /     ^ 

0.4360  g:  give  0.1418  g.  Ag.  ••      .      •' '  -'    .     ^ 

Calc.  for  CiiHis04NAg:  Ag,  32.67.     Found:  Ag,  32. 52%.        "  'v    , 

When  heated,  this  salt  showed  no  indication  of  changing  to  a  white  m«difi- 
catiop; 

Dibemoyl  Ester  of  Carbisopropyloxyhydroxamic  Acid, 
0=C-K)C.Ht 

CJJ*C— >J7^C---CfH4.--Ten,  grams   of   the   silver   salt   described    abov;e 

.ir:;.  Q  \    ■      q      .....       ,:•:•/.•    .    .•    :    -     -^  "  •  : 

were  suspended  in  ether  and  4.2  g.  of  benzoyl  chloride  were  added.  Tht 
reaction  was  completed  in  three  days.  The  silver  chloride  was  removed 
by  filtration  and  the  ether  evaporated  in  vacuo.  Nine  grams  of  a  thi6k 
oil  remained  which  slowly  deposited  transparent  cubical  crystals.  Thesis 
crystals,  when  recrystallized  from  chloroform  and  Ugroin,  melted  at  78-89  **• 

o.28i22  g.  gave  11 .4  cc.  Ns  at  28^  and  745  nun. 

Calc.  for  !5iai?3P»N:  N,  4. 28.     Found:  N,  4. 36%.  .      ; 

This  compound  was  soluble  in  ether,,  in  chloroform  and  in*  akohoU  but  it 
was  insoluble  in  G(M  'ligroin  and  in  waters  • .  .  ^ 

'  Jones,  Loc.  cit.,  p.  50.  ^        .  •        . 
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The  N 'Ethyl  DerivaHve  of  the  Benzoyl  Ester  of  Carbpropyloxyhydroxamic 
0==C— OCHt 

I 

Acid,  CiHr— N— OCCfHi.  —  Fifteen  grams    of    the    silver    salt    described 

II 
o 

above  were  suspended   in  ether,   and  7  g.  of  ethyl  iodide  were  added. 

After  standing  two  weeks  in  the  dark,  the  silver  iodide  was  removed,  and 

the  other  evaporated  in  vacuo.    Nine  grams  of  a  light  yellow  oil  with  a 

spicy  odor  remained. 

0.2402  g.  gave  12.2  cc.  Ni  at  22.5**  and  735  mm. 
Calc.  for  ChHit04N:  N,  5  53-    Found:  N,  5. 57%. 

When  heated  in  a  sealed  tube  with  hydrochloric  add,  |9-ethyl  hydroxy!- 
ammonium  chloride  was  obtained.  This  was  identified  by  condensing 
it  with  ^-nitrobenzaldehyde.*  The  product  obtained  showed  that  the  alkyl 
group  was  bound  to  nitrogen. 

IV,  Derivatives  of  CarbisobtUyloxyhydroxamic  Add. 

O  «  C— OC4H, 
Carbisobutyloxyhydroxamic  Acid,  \  . — ^Twenty-five  grams  of 

H— N— OH 

chlorocarbonidsobutyl  ester,  12.8  g.  of  hydroxylammonium  chloride  and 
25  g.  of  potassitun  carbonate  produced  21  g.  of  a  colorless  oil  which  was 
not  very  soluble  in  water.  When  treated  with  copper  acetate  solution  it 
produced  a  crystalline  green  precipitate  which  was  not  affected  when  boiled 
with  water. 

O  =  C— OC4H, 

Benzoyl    Ester    of    Carbisobutylhydroxamic    Acid,    H— N— OC— C«H,. — 

II 
O 

A  colorless  oil  was  produced  by  the  action  of  19  g.  of  benzoyl  chloride, 

9.4  g.  of  potassium  carbonate  and  18  g.  of  carbisobutyloxyhydroxamic 

add.    This  was  dissolved  in  ether  and  extracted  with  dilute  sodium 

hydroxide.    The  alkaline  solution  was  cooled  to  5^  and  carbon  dioxide 

was  passed  with  the  solution.    A  crystalline  predpitate  appeared.    When 

recrystallized  from  warm  chloroform  and  ligroin  it  formed  needles  melting 

at  43~44''-     Yidd,  19  g. 

0.2944  %'  save  16.5  cc.  N|  at  28^  and  751  mm. 
Calc.  for  ChHuO«N:  N,  5.90.    Found:  N,  6.09%. 

The  compotmd  was  soluble  in  ether,  in  chloroform  and  in  alcohol,  but 
was  insoluble  in  water  and  in  cold  ligroin. 

The  Silver  Salt  of  the  Benzoyl  Ester  of  Carbisobutyloxyhydroxamic  Add, 

'  Hantzsch  and  Hillard,  Ber.,  3I1  2066  (1898). 
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0^=C— OC4H1 

I 

Ag— N— OC — CiHj. — ^An    alcoholic    solution    of    21.5    g.    of  the  benzoyl 

O 
derivative  was  treated  with  one  equivalent  of  ammonium  hydroxide,  and 
then  with  an  aqueous  solution  of  15  g.  of  silver  nitrate.  A  bright  yellow 
precipitate  was  formed  which  immediately  became  colorless  where  it  was 
in  contact  with  the  solvent.  The  interior  of  the  precipitate  was  still 
yellow  after  standing  j&ve  minutes.  The  precipitate  was  collected  on  a 
filter,  thoroughly  washed  with  alcohol,  and  dried  on  a  porous  plate  placed 
in  an  amber  desiccator.  After  standing  over  night,  the  entire  mass  had 
blackened.  This  material  was  extracted  with  warm  chloroform,  the  solu- 
tion cooled  to  — $^  and  an  excess  of  alcohol  added.  Bright  yellow  needles 
were  precipitated. 

o .  2492  g.  gave  o .  0784  g.  Ag. 

Calc.  for  CiiHiiO^NAg:  Ag,  31. 37-    Found:  Ag,  31. 46%. 

When  warmed  to  80-82**,  the  yellow  crystals  become  white.  The  white 
mass  softened  slightly  at  144**  and  finally  melts  at  158**.  The  white  form 
did  not  change  to  the  yellow  form  at  room  temperature.  A  sample  of 
the  white  salt,  on  ignition,  gave  the  following  values: 

0.4230  g.  gave  0.1325  g.  Ag. 

Calc.  for  CuHx404NAg:  Ag,  31 .37.    Found:  Ag,  31 .32%. 

The  conversion  of  the  yellow  form  into  the  white  form  took  place  very 
slowly  at  40**,  but  the  change  occurred  only  in  certain  parts  of  the  mass 
and  the  rest  of  the  material  remained  yellow.  Furthermore,  the  change 
appeared  to  commence  in  the  interior  of  these  regions  and  to  spread 
outward,  which  would  seem  to  indicate  that  the  phenomenon  is  not  of  a 
photochemical  nature.  The  most  curious  efiect,  however,  was  observed 
if  the  portion  of  the  white  form  was  rubbed  against  a  hard  stuiace  with 
a  porcelain  spatula.  Where  it  was  rubbed,  a  bright  yellow  streak  appears 
which  immediately  becomes  colorless  again.  The  rapidity  of  the  re- 
version to  the  white  form  seemed  to  be  influenced  by  the  intensity  of  the 
light,  for  the  change  was  almost  instantaneous  in  direct  sunlight,  slower  in 
diffused  light,  while  if  the  salt  is  rubbed  in  the  dark  it  remains  yellow  until 
brought  into  the  light.  No  explanation  of  this  peculiar  behavior  is  offered. 
The  N 'Ethyl  Derivative  of  the  Benzoyl  Ester  of  Carbisobutyloxyhydfoxamic 
0=<:— OC4H1 
I 
Acid,  CaH«— N— OC— CJIj. — ^Twenty-one    and   five-tenths   grams   of   the 

O 
yellow  silver  salt  described  above  were  suspended  in  ether,  and  10  g.  of 
ethyl  iodide  added.    The  reaction  was  complete  after  two  weeks.    A 
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bright  yellow  oil  with  a  spicy  odor  was  obtained  when  the  ether  was 
evaporated.    Yield,  14  g. 

0.3096  g.  gave  15.6  cc.  at  29**  and  740  mm. 
Calc.  for  C14H10O4N:  N,  5. 28.     Found:  N,  5. 37%. 

When  heated  in  a  sealed  tube  with  concentrated  hydrochloric  acid  for 
six  hotu^  at  no®,  j8-ethyl  hydroxylammonium  chloride  was  obtained, 
showing  that  this  Was  the  nitrogen  derivative. 

V.  Derivatives  of,  Carbisoamyloxyhydroxamic  Acid. 

0=C— OC5HU 
Carbisoamyloxyhydroxamic    Acid,  \  . — ^Twenty-five  grams 

H— N— OH 
of  chlorocarbonicisoamyl  ester,  11.5  g.  of  hydroxylammonium  chloride 
and  22.8  g.  of  potassium  carbonate  were  allowed  to  react  in  the  usual  man- 
ner, and  23  g.  of  a  thick,  light  yellow  oil  were  obtained.  The  compound 
had  a  slight  odor  suggestive  of  isoamyl  alcohol  and  was  only  slightly  soluble 
in  water.  Copper  acetate  produced  a  green  crystalline  precipitate  from 
an  alcoholic  solution  which  was  not  affected  when  boiled  with  water. 

0  =  0— OC^Hu 

The  Benzoyl  Ester  oj  Carbisoamyloxyhydroxamic  Acid,  H— N— OC— C4H,. 

II 
O 

— All  attempts  to  obtain  this  compound  in  the  soHd  state  were  fruitless. 
The  product  of  the  reaction  of  carbisoamyloxyhydroxamic  acid,  potassium 
carbonate  and  benzoyl  chloride  was  a  colorless  oil,  which,  when  dissolved 
in  sodium  hydroxide  and  precipitated  by  carbon  dioxide,  remained  liquid 
even  when  thoroughly  dried  and  cooled  to  — 10®  for  several  hours.  It 
was  very  easily  hydrolyzed  by  dilute  alkalies,  and  the  yield  was  extremely 
poor  if  the  compound  was  purified  in  this  way. 

0==C— OCiHn 

I 

SiUfer   Salt   of   Carbisoamyloxyhydroxamic   Acid,    Ag— N— OC— C»H». — 

O 
The  silver  salt  was  precipitated  from  an  alcoholic  solution  of  the  benzoyl 
ester  in  the  form  of  bright  yellow  curds  which  turn  white  immediately. 
Alter  drying  the  salt  over  night,  it  was  dissolved- in  wanri  chloroform  and 
reprecipitated'by  alcohol  in  the  form  of  bright  yellow  needles. 

0.4506  g.  gave  0.1354  %•  Ag. 

Calc.  for  Ci,Hi604NAg:  Ag,  30. 13.     Found:  Ag,  30.06%. 

When  heated  to  40°,  the  salt  turned  white  in  patches,  and  at  about  75**, 
the  change  was  rapid  and  complete.  If  the  temperature  was  raised  stiU 
higher,  no  further  change  occurred  until  the  salt  melted  at  141-143**. 
•The  whhe  forth,  o£i  ignition,  gave  the  following  result^: 


Digitized  by  VjOOQIC 


HYDROXYURSTHANES  AND  CHROMOISOMERIC  SU^V^t  SALTS.        2221 

0.3632  g.  gave  0.1090  g.  Ag. 

Calc.  for  CuHitOiNAg:  Ag,  30.13.    Pound:  Ag,  30.01%. 

This  white  form  sbbwed  no  tendency  to  revert  to  the  yellow  modification, 
even  in  contact  with  a  particle  of  the  latter  at  — lo®.  On  one  occasion, 
however,  the  yellow  form  was  precipitated  as  usual  from  a  chloroform 
solution  by  alcohol,  and  as  soon  as  the  crystals  were  separated  from  the 
solvent  by  filtration  they  began  to  turn  white.  However,  the  change  was 
localized,  and  after  two  weeks  the  yellow  and  the  white  forms  still  existed 
side  by  side.  We  have  never  been  able  to  duplicate  this  change  at  room 
temperature. 

As  was  stated  above,  it  seemed  possible  that  molecular  weight  determin- 
ations might  throw  some  light  on  the  nature  of  this  color  change.  The 
figures  obtained  in  freezing  benzene  gave  values  which  varied  from  739  to 
15 14  depending  on  the  concentration  of  the  solution,  and  the  values  in 
boiling  benzene,  using  Menzies^  method,  were  of  the  same  order.  The 
value  for  the  simple  salt  is  538. 

Dibenzoyl  Derivatives  of  Carbisoamyloxyhydroxamic  Acid, 

0=C— OCiHu 
I 
C«H»C— N— OC — CiH*. — Eight  grams   of  the   silver  salt  described  above 

II  II 

o  o 

were  treated  with  3.1  g.  of  benzoyl  chloride.    The  reaction  was  completed 

after  2  weeks  and  5  g.  of  a  colorless  oil  were  obtained  on  evaporating  the 

ether.    After  standing  in  an  exhausted  desiccator  for   10  days,  dear 

prismatic  crystals  were  deposited,  which,  after  recrystallization  from  warm 

ligroin,  melted  at  69-70**. 

0.3050  g.  gave  II  cc.  Ns  at  26*^  and  749.5  mm. 
Calc.  for  CaoHtiOiN :  N,  3  •  94-     Found :  N,  3 .  95  %. 

The  compound  is  soluble  in  ether,  in  chloroform  and  in  alcohol,  slightly 
soluble  in  ligroin  and  insoluble  in  water. 

The  Ethyl  Derivative  of  the  Benzoyl  Ester  of  Carbisoafnyloxyhydroxamtc 
O  -  C— OCjHii 

Acid,  CiHi— N— OCC4H4. — Eleven  grams  of  the  yellow   salt   and   4.8   g. 

II 
O 

of  ethyl  iodide  were  allowed  to  react  in  the  presence  of  ether  for  two  weeks. 

A  light  yellow  oil  remained  when  the  ether  evaporated. 

0.4323  g.  gave  20  cc.  Ns  at  25^  and  745  mm. 
Calc.  for  Ci»Hsi04N:  N,  5  01.    Found:  N.  5. 06%. 

It  gave  /5-ethylhydroxylamine  upon  hydrolysis. 

»  Menzies,  This  Journal,  3a,  1615  (1910). 
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VI.  Derivatives  of  Carbbenzyloxyhydroxamic  Acid. 

o  -  c  »  ocHicais 

Carbbenzyloxyhydroxamic    Acid,  \  . — Forty   grams   of 

H— N— OH 
chlorocarbonic  benzyl  ester,  16.2  g.  of  hydroxylammonium  chloride  and 
32.4  g.  of  potassium  carbonate  produced  a  thick  yellow  oil  which  solidified 
on  standing  over  night.  When  recrystallized  from  chloroform  and  ligroin, 
the  compound  was  obtained  in  shining  scales  melting  at  65  **.  Yield,  30  g. 
0.2530  g.  gave  19,4  cc.  Ns  at  28^  and  747.5  mm. 
Calc.  for  C«H»0,N:  N.  8.38.    Found:  N.  8.29%. 

The  compound  was  insoluble  in  ether,  in  alcohol  and  in  chloroform,  some- 
what soluble  in  water  and  insoluble  in  cold  ligroin. 

0==C— OCHtCtH, 
I 
The  Benzoyl  Ester  of  Carbbenzyloxyhydroxamic  Acid,  H—N— OC— CeHj  . 

O 
— Eighteen  and  five-tenths  grams  of  carbbenzyloxyhydroxamic  add  were 
treated  with  7.46  g.  of  potassium  carbonate  and  15.6  g.  of  benzoyl  chloride. 
An  oil  separated  which  was  soon  solidified.   When  recrystallized  from  warm 
alcohol  and  ligroin  it  formed  white  needles  melting  at  109-110®. 

0.2944  g.  gave  13.6  cc.  Nj  at  23.5®  and  748.5  mm. 

Calc.  for  CiiHijOiN:  N,  5 •  16.    Found:  N,  5  •  12%. 

The  compound  was  soluble  in  alcohol,  in  ether  and  in  chloroform,  and 
insoluble  in  water  and  in  cold  ligroin. 

The  Silver  Salt  of  the  Benzoyl  Ester  of  Carbbenzyloxyhydroxamic  Acid, 
O  »  C— OCH,C«H, 

Ag— N — OC — C^H,. — Sixteen  grams  of  the  benzoyl  ester,   when   treated 

II 
O 

with  ammonium  hydroxide  and  10.3  g.  of  silver  nitrate  gave  a  yellow 

precipitate  which  immediately  turned  white.    When  recrystallized  from 

chloroform  and  alcohol  it  formed  bright  yellow  needles  which  melted  at 

0.3583  g.  gave  0.1025  g.  Ag. 

Calc.  for  Ci»Hji04NAg:  Ag,  28.67.    Found:  Ag,  28.61%. 

The  salt  became  white  when  heated,  but  the  transition  temperature  was 
so  near  the  melting  point  that  it  was  not  possible  to  isolate  the  white  form 
in  this  way. 

Ethyl  Derivative  of  the  Benzoyl  Ester  of  Carbbenzyloxyhydroxamic  Acid, 

0=C— OCHtCiH. 
I 
CtH«— N— OC— C«H». — Eight  grams  of  the  silver  salt    described    above 

O 
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were  allowed  to  react  with  2.3  g.  of  ethyl  iodide  for  one  week.    5  g.  of  a 
light  yellow  oil  were  obtained. 

0.4658  g.  gave  20  cc.  Ns  at  21  **  and  745  mm. 

Calc.  for  C17H17O4N :  N,  4 .  68.     Found :  N,  4 . 8 1  %. 

Summary. 

1.  In  the  course  of  experiments  which  had  in  view  the  preparation  of 
mixed  oximidocarbonic  esters,  RO.C(NOH).OR'  several  new  hydroxy- 
urethanes,  including  the  methyl,  isopropyl,  isobutyl,  isoamyl  and  benzyl 
derivatives  were  prepared,  and  their  benzoyl  esters  studied. 

2.  The  silver  salts  of  some  of  these  benzoyl  esters  were  obtained  in  two 
modifications,  white  and  yellow,  of  the  same  composition  and  mutually 
transformable.  While  the  methyl,  ethyl  and  isopropyl  derivatives  were 
prepared  only  as  yellow  salts,  the  compounds  with  larger  radicals,  viz., 
isobutyl,  isoamyl,  and  benzyl,  were  obtained  in  two  forms. 

3.  These  silver  salts  have  been  found  to  yield  derivatives  with  the 
alkyl  groups  bound  to  nitrogen  instead  of  to  oxygen.  This  unforseen  re- 
action prevented  us  from  obtaining  the  acyl  derivatives  of  mixed  oximido- 
carbonic esters,  which  would  otherwise  have  resulted  from  the  action  of 
various  alkyl  halides  upon  these  silver  salts. 

CiMcmKATi,  Ohio. 


[Contribution  from  the  Otho  S.  A.  Spragub  Memorial  iNSTtruTE,  Laboratory 
OF  Clinical  Research,  Rush  Medical  College.  ] 

THE  ISOLATION  OF  CRYSTALLINE  ^/-GLYCERIC  ALDEHYDE 
FROM  A  SYRUP  OBTAINED  BY  THE  OXIDATION 
OF  GLYCEROL. 

By  BoOAR  J.  WiTZBMAKN. 

Received  August  7,  1914. 

d/-Glyceric  aldehyde  is  a  compound  of  considerable  importance.  In 
the  various  more  or  less  theoretical  discussions  of  the  break-down  and 
synthesis  of  the  hexoses,  either  in  the  chemical  laboratory  or  in  the  living 
organism,  ctt-glyceric  aldehyde,  along  with  dihydroicyacetone,  assumes  a 
prominent  place.  The  collection  of  facts  with  regard  to  its  behavior  in 
the  body  has  been  retarded  by  the  difficulty  of  obtaining  sufficient  quanti- 
ties with  which  to  work.  The  only  method  now  known  of  preparing  the 
pure  substance  is  that  of  Wohl,  and  this  method  is  extremely  laborious. 
For  physiological  experiments  in  man,  quantities  are  required  which  make 
WoU's  method  well  nigh  prohibitive.  The  method  of  Fenton  and  Jackson 
is  simple  and  undoubtedly  gives  a  large  yield  of  glyceric  aldehyde,  although 
admixed  with  impurities.  Dr.  R.  T«  Woodyatt,  of  this  laboratory,  some- 
time ago  published  a  preliminary  report  on  the  use  of  glyceric  aldehyde, 
prepared  cCi:xx>rding  to  the  latter  method,  in  diabetes  mellitus.^  The  nature 
of  these  results  was  such  as  to  emphasize  the  necessity  of  determining 
>  /.  Am.  Med.  Assoc.,  55,  2109-2112  (19x0). 
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more  definitely  than  has  yet  been  done  the  composition  of  the  crude 
glyceric  aldehyde  syrup  employed  and  if  possible  to  develop  a  method  for 
purifying  it. 

The  only  known  compound  of  glyceric  aldehyde  which  would  serve  for 
its  identification,  and  which  could  also  be  subsequently  used  as  a  source 
of  free  glyceric  aldehyde,  is  glyceric  aldehyde  diethyl  acetal..  If,  therefore, 
glyceric  aldehyde  diethyl  acetal  could  be  made  from  the  Fenton  and 
Jackson  reaction  mixture  it  would  at  once  prove,  more  conclusively  than 
has  yet  been  done,  the  presence  of  glyceric  aldehyde  and  also  serve  for  its 
isolation.  The  following  paper  is  a  report  on  the  successful  execution 
of  the  plan  outlined  above,  as  suggested  by  Dr.  Woodyatt. 

When  glycerol  is  acted  upon  by  one  atom  of  oxygen  two  oxidation  prod- 
ucts are  theoretically  possible,  namely: 

CH,OH  CHjOH 

I  1  , 

CHOH  and  CO 

I  \ 

CHO  CHiOH 

Glyceric  aldehyde.  Dihydroxy  acetone. 

The  preparation  of  pure  d/-glyceric  aldehyde,  or  any  derivative  from  whkh 
pure  glyceric  aldehyde  itself  can  be  isolated,  from  an  oxidatic»i  product 
of  glycerol  has  apparently  been  frequently  tried  but  without  success. 
In  fact,  in  most  cases  in  which  the  presence  of  glyceric  aldehyde  has  been 
reported  its  identity  was  estabUshed  through  the  formation  of  phenyl- 
glycerosazone  with  phenylhydrazine,  which,  however,  is  produced  by  both 
of  the  oxidation  products  given  above.'  This  reagent  will,  therefore, 
not  help  in  deciding  which  of  the  above  compotmds,  or  whether  both,  are 
present  in  a  reaction  mixture. 

Since  the  literature  on  the  formation  of  glyceric  aldehyde  by  oxidation 
methods  is  very  Scattered  it  may  be  well  to  give  a  brief  history  of  this  sub- 
ject at  this  point.  J.  van  Deen*  observed  that  either  an  electrical  current 
or  nitric  acid  acting  on  glycerol  gave  an  optically  inactive,  fermentable 
syrup,  which  reduced  cupric  oxide  in  alkaline  solution  and  which  he  con* 
sidered  to  be  a  sugar.  Huppert,'  Kirchner  and  Meissner,^  Heynshis,^ 
Perl*  and  G.  Werther^  all  disputed  v.  Deen's  results  as  a  whole  or  in  part.' 
Pr2ib3rtek^  found  that  prussic  acid  acting  on  glycerol  gives  some  glyceric 

I  Fischer  and  Tafel,  Bet,,  ao,  1088  (1887). 

*  NederL  Tydschfi  v.  Geneesk.,  4,  Aug.,  i860. 
,      « Arch.  /.  HeUkunde,  3,  289  (1862). 

V^.  ration.  Med.,  [3]  16,  289  (1862).  * 

.  ^'Viderl.  Tydschr.  v.  Geheesk.,  6;  641  (1862). 
^  Konigsherger  M^d.  Jahrb.,  8,  84  (1862);  /.pra*/.  Chem.,  88,  r48  (1862).   - 

-    ♦  J:  prakt.  Chem.i  88,  151  (^862). •         j 

'      ^  Por  a  good  acconnt  see  Chafk.  Zmir,,  1863, 833-41 ;  or  Jakrb.  f.  Chem.;  1663*  ioi. 

•  /.  Russ,  Chem,  Soc.,  xa,  214  (18.^7);  13,  330  (1888). 
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aldehyde  in  addition  to  meso-tartaric  and  saccharic(?)  acids.  Grimanx^ 
oxidized  glycerol  with  platinum  black  and  states  that  he  obtained  ''glyceric 
aldehyde"  which  was  fermentable.  Fischer  and  TafeP  oxidized  glycerol 
with  nitric  acid  and  got  a  compound  which  reduced  Fehling's  solution 
in  the  cold  and  gave  the  phenylglycerosazone.  They  challenge  Grimaux*s 
right  to  priority  on  the  ground  that  he  identified  his  so-called  glyceric  alde- 
hyiie  only  by  its  ability  to  reduce  alkaline  copper  solutions.  A  short  time 
latef  they  synthesized  acrosc*  by  hydrolyzing  acrolein  bromide  and  con- 
cluded that  glyceric  aldehyde  must  be  an  intermediate  in  the  synthesis 
of  tikii  compound.  Later*  they  prepared  a  product  which  they  declared 
was  probably  glyceric  aldehyde,  (i)  by  the  oxidation  of  glycerol  with 
brotukie  in  the  presence  of  soda  and  (2)  by  the  oxidation  of  lead  glycerate 
with-  "bromine  vapors.  They  subsequently  decided  that  these  products 
w^e  ctiefly  dihydroxyacetone*  without  definitely  proving  that  there  was 

•  any  glyceric  aldehyde  present  at  all.  Later  Wohl  and  Neuberg*  showed 
by'  liieans  of  the  phloroglucinol  test  that  the  product  obtained  in  (i)  is 
tnakljy,  if  not  solely,  dihydroxyacetone,  while  the  product  obtained  in 
{2)  Is  also  mainly  dihydroxyacetone  but  contains  a  little  glyceric  aldehyde, 

N»ince  it  gave  a  slight  positive  phloroglucinol  test.  Piloty  and  Ruff^  had 
previously  shown  that  the  product  in  the  latter  case  gave  a  large  amount 
-of  dihydroxyacetoxime,  from  which  they  likewise  concluded  that  this 
ctvide  oxidation  syrup  consisted  for  the  most  part  of  dihydroxyacetone. 
W.  E.  Stone  and  McCoy*  probably  obtained  traces  of  glyceric  aldehyde 
4yr  dihydroxyacetone;  as  shown  by  qualitative  tests  when  solutions  of 
glycerol  containing  sulfuric  acid  or  sodium  nitrate  were  electrolyzed. 
Ijikewi^  Fonzes-Diacon*  obtsuned  detectable  quantities  of  **glycerose" 
by  th€  action  of  mercuric  chloride  on  glycerol.  Lobry  de  Bruyn*®  found 
that  the  hydrolysis  of  dibromoacrolein  gave  detectable  quantities  of 
"glyceric  aldehyde."  Wohl**  synthesized  glyceric  aldehyde  from  acrolein 
by  preparing  acrolein  diethyl  acetal  which,  when  oxidized  with  potas- 
sium  permanganate   under   the    prescribed   conditions,    gave    glycteric- 

•  Compt.  rend.,  104,  1276  (1S87);  Chem.  Zentr.,  1887,  629;  Bull.  soc.  chim.,  45, 
48X  (1886). 

» Ber.,  ao,  1088  (1887);  Chem,  Zentr.,  1887,  691. 
» Ibid.,  20,  2566  (1887);  1887,  1491. 

*/wa.,  20, 3384  (1887);  21, 2634  (1888);  1888, 277,  1303. 

»/Wd.,  22,  106  (1889);  1889, 1,  278. 

•  Ber.,  33,  3098,  3109  (1900). 
» Ibid.,  30,  1663  (1897). 

•i4m.  Chem.  J.,  15,  656  (1893);  Chem.  Zentr.,  1894,  I,  199. 

•  Bidl.  soc.  chim.,  [3]  13,  862  (1895);  Chem.  Zentr.,  1895,  II,  676. 
»•  Rec.  trav.  chim.,  1%  258  (1898);  Chem.  Zentr.,  1898,  II,  964. 

"  Ber.,  31,  1796,  2394  (1898);  Chem.  Zentr.,  1898,  II,  419,  1608;  see  also  Wohl  and 
Neuberg,  Ber.,  32,  1352  (1899);  33i  3095  (i9«>);  Chem.  Zentr.,  19^^  I,  1272;  1900,  11, 
1197. 
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aldehyde  diethyl  acetal.  Glycericaldehyde  diethyl  acetal  on  hydrolysis 
in  O.I  iV  sulfuric  add  gave  (^-glyceric  aldehyde.  This  was  the  first 
time  that  this  compound  had  been  prepared  in  pure  form.  The  next 
year  (1899)  Penton  and  Jackson^  reported  on  the  oxidation  of  glycerol 
with  hydrogen  peroxide  in  the  presence  of  10%  of  ferrous  sulfate. 
The  syrup  product  of  this  reaction  reduced  Fehling's  solution  in  the 
cold,  gave  the  reaction  for  aldehydes  with  Schiff's  reagent  and  yielded 
phenylglycerosazone  with  phenylhydrazine.  They  treated  a  portion 
with  prussic  acid  according  to  the  method  of  Fischer  and  Tafel.'  Tri- 
hydroxyisobut3rric  acid»  which  should  have  been  formed  if  dihydroxy- 
acetone  was  present,  could  not  be  found.  When  another  portion  was 
treated  with  the  calculated  quantity  of  hydroxylamine  there  was  no  sign 
of  the  formation  of  dihydroxyacetoxime  crystals.'  Fenton  and  Jackson, 
therefore,  concluded  that  the  product  obtained  by  them  probably  ccm* 
sisted  chiefly  of  ^/-glyceric  aldehyde.  Ciamidan  and  Silber^  observed 
that  glycerol  is  oxidized  to  "glycerose"  by  quihone,  which  is  simultaneously 
reduced  to  quinhydrone.  By  the  action  of  ozone  on  glycerol  Harries* 
obtained  glyceric  aldehyde  or  dihydroxyacetone  as  shown  by  the  formation 
of  phenylglycerosazone  with  phenylhydrazine.  Seyewetz  and  Gibello* 
found  that  trioxymethylene  and  sodium  sulfate  gave  a  sugar-like  com- 
pound in  which  **formose'*  and  "glycerose"  have  been  found.  When 
glycerol  is  treated  with  sodium  hypochlorite  in  the  presence  of  cobalt 
chloride,^  or  sodium  hypochlorite  and  chlorine  in  the  presence  of  cobalt 
chloride  "glycerose,**  identified  as  the  phenylosazone,  is  formed.  Neuberg* 
obtained  some  ^/-glyceric  aldehyde  by  the  electrolysis  of  d/-erythronic 
add,  and  in  similar  products  from  d-galactonic  add,  dAyxostt  dl-ety- 
thronic  add*  and  2-arabonic  add.^^  Neuberg  also  found^^  that  a  5%  aqueous 
solution  of  glycerol,  containing  0.8%  of  uranium  sulfate,  when  exposed 
for  six  hours  to  Jime  sunlight  developed  a  reducing  power  equal  to  2.1% 
solutions  of  glucose,  which  corresponds  to  a  42%  transformation.  Glyceric 
aldehyde  was  identified  by  the  formation  of  the  phenylosazone,  by  a  re- 

»  J.  Chem.  Soc,  75,  4  (1899);  Chem.  News,  78,  187  (1898);  Chcm.  Zentr.,  1898, 
II,  loii;  1899, 1,  249,521. 

•  Ber.,  22,  106  (1889). 

»  Piloty,  Ruff,  Ibid.,  30,  1663  (1897)- 

•  AUi  accad.  Ltncei,  (5]  10,  I,  92  (1901);  Chem.  Zentr.,  1901,  I,  770. 

•  Ber.,  36,  1933  (1903);  Chem.  Zentr.,  1903,  II,  189. 

•  Compt.  rend.,  138,  150  (1904);  Chem.  Zentr.,  1904,  I,  581. 

^  Tarugi,  Gasz.  chim.  iUU.,  36,  I.  332  (1906);  Chem.  ZetUr.,  1906,  II,  558. 

•  Biochem.  Ztschr.,  7,  527  (1907);  Chem.  Zentr.,  1908,  I,  1165;  C.  A.,  2,  1724. 

•  Neuberg,  Scott,  Lachmatm,  Biochem.  Ztschr.,  24,  152  (1910);  Chem.  Zenir.,  19x0, 

I,  1231;  C.  A.,  4,  1474. 

»•  Neuberg  and  Hirschberg,  Biochem.  Zlschr.,  27,  327  (1910);  Chem.  Zentr.,  19x0, 

II,  1455;  C.  A.,  5f  313. 

"  Biochem.  Ztschr,,  13, 307  (1908);  Chem.  Zentr.,  1908,  II,  1485;  C.  A.,  3, 2142. 
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duction  of  Fefaling's  solution  in  the  cold,  by  the  absence  of  the  characteristic 
reaction  with  resordnol  and  by  the  formation  of  a  glucoside-like  crystalline 
compound  with  phlorogludnoL^ 

Bxparimentai  Part 

The  crude  glyceric  aldehyde  syrup  was  prepared  essentially  as  described 
by  Penton  and  Jackson.'  100  g.  of  glycerol  in  100  cc.  of  water,  to  which 
5  or  10  g.  of  ferrous  sulfate — previously  dissolved  in  15  cc.  of  water — ^have 
been  added,  are  placed  in  a  two  liter  flask.  771  cc.  of  6%  hydrogen  per- 
oxide (1.25  mols  hydrogen  peroxide  for  i  mol  glycerol)  were  added  at 
the  rate  of  about  100  cc.  in  an  hour,  care  being  taken  to  avoid  a  rise  in 
temperature  of  more  than  5^  to  7®.  After  adding  a  portion  of  50  to  100  cc. 
of  the  hydrogen  peroxide,  it  seems  desirable  to  wait  before  adding  subse- 
quent portions  until  the  red  color  of  the  reaction  mixture  has  faded 
somewhat.  When  all  of  the  hydrogen  peroxide  has  been  added  the 
mixture  is  allowed  to  stand  24  hours  in  order  to  allow  the  oxidation  to 
continue  until  the  solution  becomes  dear  and  pale  yellow  in  color.' 

^  See  also  Neuberg,  Z.  pkysiol.  Chem.,  31,  564  (1900) ;  ZL  ver^  RuhAlnd.,  Z90I1 
a7o> 

*  The  result  obtained  in  the  oxidation  of  glycerol  with  hydrogen  peroxide  may 
vary  quite  widely.  On  one  occasion  the  attempt  was  made  to  prepare  some  of  this  ssmip 
in  a  shorter  time.  The  same  quantities  of  materials  were  used  as  given  above;  the  mix- 
ture was  kept  constantly  in  an  ice-water  bath.  The  only  difiFerence  in  procedure 
was  that  the  hydrogen  peroxide  was  all  added  a  little  at  a  time  in  the  course  of  5  hours. 
This  reaction  mixture  did  not  become  pale  irellow  in  color  on  standing  for  2  days;  it 
remained  quite  red.  The  reaction  mixture  was  strongly  acid  and  showed,  by  titration 
with  Pehling's  solution,  some  22%  of  the  sugar  theoretically  derivable  from  100  g.  of 
glycerol.  In  the  meantime  Dr.  Nef,  of  the  University  of  Chicago,  had  become  inter- 
ested in  these  experiments  and  was  conducting  a  series  of  quantitative  experiments  in 
order  to  determine  something  more  about  the  limits  of  this  reaction.  His  quantita- 
tive data  would  indicate  that  the  amount  of  add  formed  increases,  and  the  amount  of 
sugar  formed  decreases  as  the  length  of  time  is  diminished  during  which  the  hydrogen 
peroxide  is  added.  Likewise,  he  found  that,  if  the  hydrogen  peroxide  is  added  very 
slowly  (drop  by  drop  for  example),  much  acid  and  little  sugar  are  formed.  In  order, 
therefore,  to  get  more  definite  data  on  the  best  mode  of  procedure  in  this  oxidation, 
the  following  experiment  was  made: 

100  grams  of  glycerol  (pure  double  distilled)  and  10  grams  of  ferrous  sulfate  (pre- 
cipitated by  alcohol)  in  xoo  cc.  of  water  were  treated  with  784  cc.  of  5 .89%  hydrogen 
peroxide  (or  i  .25  molecules),  at  the  following  rate:  45  cc.  were  added  in  the  first  hour, 
65  cc.  in  the  2nd  hour,  70  cc.  in  the  3rd  hour,  85  cc.  in  the  4th  hour,  100  cc.  in  the  5th 
and  6th  each,  1 10  in  the  7th,  120  cc.  in  the  8th,  and  the  remainder  (90  cc.)  in  40  min- 
utes more.  All  of  the  hydrogen  peroxide  was  added  in  one  working  day.  The  mix- 
ture was  kept  in  ice-water  throughout  the  experiment.  The  temperature  of  the  reaction 
mixture  was,  as  a  rule,  10 ^  sometimes  8^  rising  usually  to  I2^  but  sometimes  to  15^ 
on  adding  the  hydrogen  peroxide.  The  peroxide  was  added  in  small  portions  at  first 
(2-3  cc.)  but  in  the  later  stages  as  much  as  10  cc.  were  added  at  one  time.  This  mix- 
ture, on  standing  in  the  refrigerator  over  night,  had  become  pale  yellow  in  color  and 
gave  a  negative  test  for  hydrogen  peroxide.    It  had  a  perceptible  odor  of  formaldehyde 
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This  solution  is  then  neutralized  at  room  temperature  as  completely 
as  possible,  by  simply  shaking  with  an  excess  of  powdered  calcium  carbon- 
ate.* 

The  sediment  (chiefly  excessive  calcium  carbonate)  is  filtered  off  by 
means  of  a  suction  filter.  The  filtrate  is  then  concentrated  to  a  S3aiip 
by  distilling  in  vacuo  (bath  temperature  40-45**),  during  which  process 
a  considerable  quantity  of  calcium  salts  separate  in  the  bottom  of  the 
flask  (mostly  calcium  sulfate).  The  residue  from  the  distillation  is  then 
mixed  with  four  to  five  volumes  of  absolute  alcohol  containing  some  ether. 
This  solution  is  then  freed  from  its  precipitate  by  sedimentation  and 
filtration  and  again  reduced  to  a  thick,  clear,  pale  yellow  syrup  by  dis- 
tilling in  vacuo  (bath  temperature  not  over  45®).  The  total  yield  of 
syrup  is  70  to  80  g.  By  extracting  the  sediment  of  calcium  salts,  etc., 
with  another  portion  of  alcohol  somewhat  more  material  may  be  recovered. 

The  final  product  has  a  sweet  taste  accompanied  by  a  sUghtly  aromatic 
sour  or  sometimes  a  bitter  taste.  This  latter  taste  is  probably  due  in 
part  to  the  diethyl  acetal  of  glyceric  aldehyde.  The  amotmt  of  it  seems 
to  increase  with  the  amotmt  of  free  acid  left  unneutralized  by  the  caldiun. 
carbonate  and  the  time  during  which  the  aldehyde  remains  in  the  absolute 
alcohol  solution.  The  syrup,  on  heating,  gives  the  odor  of  burnt  sugar 
and  leaves  a  slight  residue  on  ignition.  Fehling's  solution  is  reduced  slowly 
in  the  cold,  in  a  minute  or  two  at  room  temperature  and  instantly  at  50^. 
If  10  cc.  of  a  1%  solution  are  treated  with  i  cc.  of  20%  potassium  hydroxide 
and  the  alkaline  mixture  allowed  to  stand  for  half  an  hour,  or  if  it  is  heated 
to  boiling,  its  ability  to  reduce  Fehling's  solution  at  room  temperatitfe 
is  lost  but  the  solution  retains  its  power  to  reduce  Fehling's  solution  on 
boiling.  The  above  change  indicates  acrose  (hexose)  formation.  The 
reducing  power  of  the  syrup,  as  determined  with  Fehling's  solution,  is 
frequently  52-58%  of  that  of  pure  glucose.  With  Schiff's  reagent  it  gradu- 
ally gives  the  characteristic  color  tests  for  aldehydes.  By  treating  with 
phenylhydrazine  in  the  usual  way  an  osazone  is  readily  formed,  which, 
after  recrystallization  from  50%  alcohol  and  then  from  benzene,  gives  a 
melting  point  of  130-1°  (phenylglycerosazone).  When  several  drops 
of  a  0.25%  solution  of  this  sugar-containing  S3niip  were  warmed  with 

and  when  titrated  with  Fehling's  solution  showed  a  glucose  equivalent  corresponding 
to  38%  of  that  which  could  occur  if  all  the  glycerol  had  been  converted  into  glucose. 
A  parallel  experiment  in  which  only  1 .  o  molecule  of  hydrogen  peroxide  was  added 
during  the  same  period  showed  about  the  same  amount  of  sugar  and  less  formaldehyde 
and  free  acids.     These  solutions  were  turned  over  to  Dr.  Nef. 

It  is  quite  possible  that  a  further  variation  of  conditions  might  serve  to  increase 
the  yield  in  sugar  by  5  to  15%.     Experiments  will  be  made  on  this  point. 

*  If  this  material  is  not  to  be  used  for  physiological  experiments  it  is  better  to  use 
barium  carbonate  to  neutralize  the  free  acid  because  barium  sulfate  is  so  much  less 
soluble. 
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0.5  fcc.  of  a  cold'saturisited  phloroglticinol  sqlutioti,  in  the  presence  of  a  trace 
ofsolfnric  add,  a  flocculent  precipitate  was  formed  in  about  one  minute 
when  the  mixture  was  placed  in  hot  water.  This  precipitate  corres}x)tid^ 
well  with  the  description  of  the  glucoside-like  compound  between  plhloro-^ 
gludnol  and  glyceric  aldehyde  as  given  by  Wohl  and  Neuberg.*      ;. 

All  of  the  above  stated  facts  harmonize  well  with  the  supposition  that* 
the  syrup  contains  chiefly  d/-glyceric  aldehyde,  as  maintained  by  Fenton 
and  Jackson,  but  they  do  not  prove  it  conclusively  since  a  mixture  of  aldo- 
and  keto-trioses  would  give  similar  reactions. 

A  method  of  separating  the  glyceric  aldehyde  from  any  dihydroxy- 
acetone  or  other  impurities  that  may  be  present  in  the  mixture,  was 
needed.  It  was  thought  that  the  acetal  derivative  would  enable  this  to 
be  done.  Wohl  not  only  synthesized  glyceric  aldehyde  by  the  hydrolysis 
of  its  acetal  but  also  demonstrated  that  the  aldehyde  could  be  coriverterf 
back  into  the  acetal*  by  the  method  used  by  Fischer  and  Giebe,^  which 
consists,  in  dissolving  the  aldehyde  in  absolute  alcohol  containing  1%  of 
dry  hydrochloric  acid  gas,  and  allowing  the  mixture  to  stand  five  days  in' 
the  cold,  after  which  it  is  worked  up  for  the  acetal.  Ketones  react  very' 
mudi  more  diflicultly  to  form  acetals  under  these  conditions.*  In  fact 
the  acetal  of  dihydroxyacetone  is  not  known  as  yet.  It  was  ho^ed, 
therefore,  to  convert  the  glyceric  aldehyde  of  the  Fenton  and  Jackson' 
mixture  into  the  acetal  by  the  method  of  acetylating  used  by  Fischer 
arid  Giebe,  to  remove  and  purify  the  acetal  by  fractional  distillation^ and 
finally  to  liberate  pure  glyceric  aldehyde  from  the  acetal  so  formed  iii 
accordance  with  the  method  used  by  Wohl.  ' 

The  following  is  a  brief  record  of  the  experiments  made  in  the  preparation^ 
of  d/-glyceric  aldehyde  diethyl  acetal: 

(a)  Ten  grams  of  the  crude  glyceric  aldehyde  were  dissolved  in  87  cc. 
of  absolute  alcohol  and  cooled  to  o**.  13  cc.  of  8.5%  dry  hydrochloric 
acid  gas  in  absolute  alcohol  were  added  and  the  mixture  placed  in  a  !ne- 
frigerator  at  o*.  The  reducing  power  of  this  solution  was  tested^  from 
time  to  time,  with  Fehling  solution  and  finding  no  further  loss  at  the  end' 
of  three  weeks,  it  was  worked  up  as  follows:  The  solution  was  treated 
with  an  excess  of  lead  carbonate  in  order  to  remove  the  hydrochloric  acid. 
On  filtering,  a  clear,  reddish  yellow  solution  was  obtained,  which  was  con- 
centrated by  distilling  in  vacuo  at  21-22°.  No  tar  was  formed.  A  hot 
ceresin  bath  (150°)  was  now  placed  around  the  flask.  Distillation*  began* 
at  a  low  temperature  and  the  rise  in  temperature  was  slow  up  to  60**,' 
rapid  from  60**  to  110'',  and  slow  from  110°  to  144°,  at  which  point  it 

*  Ber.,  33,  3095  (1900).  \ 
^  Ibid.,   33,   3103, 

*Tbid.,  30,  3055;  3 If  545- 

*  Meyer  u.  Jacobson,  "Lehrb.  d.  Org.  Chem.,"  2nd  Ed.,  Vol.  I,  i,  p.  64. 
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remained  a  moment  before  dropping  qtdddy  to  138  *'.  The  pressure  was 
22  to  25  mm.  throughout  the  distillation.  The  distillate  between  iio^ 
to  144^  showed  a  strong  add  reaction  and  reduced  Pefaling's  solution  in 
the  cold.  The  drop  of  colorless  liqtdd  cm  the  thermometer  did  not  reduce 
Pehling's  solution  in  the  cold.  The  unsatisfactory  results  of  this  experi- 
ment are  due  largely  to  the  presence  of  add,  as  will  appear  in  the  following 
experiments: 

(b)  Sixty  grams  of  the  crude  aldehyde  were  treated  as  in  (a)  and  after 
remaining  at  0°  for  one  month  the  reaction  mixture  was  worked  up.  The 
addition  of  a  little  water  made  it  possible  to  completdy  neutralize  the 
solution  with  lead  carbonate.  The  alcohol  was  removed  by  distilling 
in  vacuo  as  before.  The  residue  was  diluted  with  an  equal  volume  of 
water  and  saturated  with  findy  powdered  potassium  carbonate.^  The 
inixture  was  cooled  from  time  to  time  as  it  became  perceptibly  warm. 
Toward  the  end  the  solution  separated  in  two  layers,  the  upper  one  of 
Which  was  a  red  oil.  Suffident  ether  was  then  added  to  dissolve  the  upper 
layer.  The  solution  was  extracted  fotu*  more  times  with  ether.  The 
ether  solution  was  filtered  through  a  dry  filter  and  dried  over  ni{^t  with 
anhydrous  sodium  sulfate.  After  driving  off  the  ether  this  oil  distilled 
at  134®  at  15  mm.  presstu-e  (ceresin  bath  at  150®).  The  thick  oily 
distillate  had  only  a  very  slight  yellowish  tinge  and  an  acrid  burning  taste. 
Yield,  estimated  4  or  5  g. 

(c)  The  experiment  was  repeated  as  in  (6)  except  that  the  residue  after 
distilling  off  the  alcohol  was  extracted  at  once  with  ether  and  not  treated 
with  water  and  potassium  carbonate  as  in  (b).  This  gave  19.5  g.  of  a 
thick,  golden  yellow  oil.  When  this  oil  was  distilled  in  vacuo  two  fractions 
were  obtained,  one  boiling  mostly  below  80®,  the  other  between  132-40® 
at  18  mm.  The  latter  weighed  4  g.  and  subsequently  proved  to  be  nearly 
pure  glyceric  aldehyde  diethyl  acetal.  A  large  quantity  of  a  dark  red, 
tarry  liquid  remained  in  the  flask.  Subsequently  a  higher  boiling  fraction 
of  unknown  composition,  boiling  mostly  at  155-70°  at  18  mm.,  was  ob- 
tained from  this  residue.  This  method  is  less  satisfactory  than  that 
used  in  (6).- 

(d)  Experiment  (6)  was  repeated  using  320  g.  of  crude  aldehyde.  In 
the  distillation  two  fractions  were  collected.  The  first  consisted  of  11. 5  g. 
oi  material  distilling  below  120°  at  11  mm.  pressure.  The  second  was 
41  g.  distilling  between  120°  and  140°  at  the  same  pressure.  When  the 
low  boiling  or  first  distillate  was  redistilled  10.  i  g.  distilled  below  no® 
at  1 1  mm.  When  the  high  boiling  or  second  distillate  was  placed  in  the 
flask  containing  the  small  residue  of  the  previous  distillation  it  was  found 
that  distillation  began  at  112®  at  11  mm.  pressure.  The  temperature 
arose  rapidly  to  119®,  then  slowly  to  121®  at  whidi  point  the  larger  part 

»  Wohl,  Ber,,  31,  1796  (1898);  33f  3099  (1900). 
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of  the  distillate  passed  over.  The  temperature  then  rose  fairly  rapidly 
to  123^,  and  the  distillation  was  interrupted  at  this  point.  The  tem- 
perature of  the  ceresine  bath  throughout  was  never  above  140°  and  was 
at  127  ^^  when  distillation  was  interrupted.  The  oily  distillate  was  almost 
transparent  like  water,  had  a  burning  taste  and  weighed  29.5  g.  The 
boiling  point  of  <2{-glyceric  aldehyde  diethyl  acetal  as  given  by  Wohl* 
is  136^  at  27  mm.  pressure.  The  above  material  was  redistilled  subse- 
quently and  was  found  to  distil  freely  at  132  ^  at  22  mm.  pressure  with  an 
outside  bath  temperature  of  140^  The  boiling  points  observed  (121^ 
at  II  mm.;  132^  at  22  mm.),  therefore,  coincide  very  closely  with  those 
of  dt-glyceric  aldehyde  diethyl  acetal  as  observed  by  Wohl.* 

In  order  to  complete  the  identification  of  this  oil  as  ^/-glyceric  aldehyde 
acetal,  it  now  remained  only  to  show  that  it  yields  ^/-glyceric  aldehyde 
upon  hydrolysis.  1.6  g.  of  the  above  oil  were  dissolved  in  ten  parts  of 
0,1  N  sulftuic  add'  and  allowed  to  stand  at  room  temperature  for  two 
days.  The  mixture  was  then  carefully  neutrahzed  with  barium  hydroxide,, 
filtered  and  reduced  to  a  thick  syrup  in  a  desiccator  over  sulfuric  acid. 
A  few  da3rs  after  stirring  with  a  glass  rod  the  thick  syrup  showed  signs  of 
crystallization,  and  in  about  two  months  assumed  the  form  of  an  opaque^ 
brittle  nearly  white,  solid  mass.  When  partides  of  this  mass  were  dissolved 
in  water  the  solution  reduced  Fehling's  solution  within  a  minute  in  the 
cold  and  gave  the  characteristic  aldehyde  test  with  Schiff's  reagent.  The 
taste  resembled  that  of  the  original  acetal  of  which  no  doubt  a  considerable 
amount  was  still  left  unchanged. 

A  10  g.  portion  was  similarly  hydrolyzed  and  after  concentrating  to  a 
syrup  in  vacuo,  when  treated  with  ammoniacal  lead  acetate  solution,  gave 
the  characteristic  predpitate  of  the  lead  compound  of  ^/-glyceric  aldehyde 
which  turned  yellow  on  exposiu-e  to  the  air  as  described  by  Wohl  and 

*  Ber.,  33f  3103  (1900). 

*  In  one  experiment  a  considerable  quantity  of  syrup  was  treated  as  in  (d)  except 
that  it  was  allowed  to  stand  in  the  laboratory  instead  of  in  the  refrigerator.  When 
worked  up  I  was  greatly  surprised  to  obtain  about  30  g.  of  a  low-boiling  liquid  and  no 
i^^glyceric  aldehyde  diethyl  acetal  whatever.  This  compound,  boiled  at  97-100^  at 
12  nun.  or  93-96°  at  8  mm.  pressure.  When  it  is  recalled  that  experiment  (d),  in  which 
the  hydrochloric  acid  was  not  neutralized,  quickly  gave  10  g.  of  a  similar  low-boiling 
distillate  and  that  experimept  (e),  in  which  I  took  special  pains  to  neutralize  quickly, 
gave  none  of  this  low-boiling  compound  whatever,  it  seemed  dear  that  the  compound 
is  in  some  way  related  to  glyceric  aldehyde.  Further  experiments  will  detennin^ 
whether  or  not  it  is,  as  is  suspected,  the  ^-ethyl  glucoside  of  ^/-glyceric  aldehyde. 

(Since  the  above  was  written  Emil  Fischer  {Ber,,  46,  1983)  has  published  a  paper 
on  glucosides  in  which  he  has  expressed  the  belief  that  a  glucoside  of  glyceric  aldehyde 
is  formed  under  the  conditions  here  described  and  in  which  he  has  promised  to  investi- 
gate this  possibility,  so  that  it  will  no  doubt  shortly  be  known  whether  an  ethyl  glu- 
coside of  glyceric  aldehyde  is  formed  here  or  not.) 

•Wohl,  Ber.,  31,  1800;  33,  3103. 
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Neub^g.^  The  original  crude  material  also  gave  this  test.  When  several 
dtd^s  of  a  0.25%  solution  of  this  sjrrup  were  mixed  with  0.5  cc.  of  a  ccM 
Satiu'ited  solution  of  phloroglucinol,  in  the  presence  of  a  trace  of  sulfuric 
ftcji4J  'the  flocculent  precipitate  described  by  Wohl  and  Neuberg^  was 
fipirined  at  ohce  when  the  mixture  was  immersed  in  hot  water.-  This  syrt^ 
also  gave'  the  Fehliilg  solution  test  and  the  Schiff  test  described  above. 
The^ySrfUp'^th  which  these  tests  were  made  did  not  crystallize  and  had  a 
bitt^  fe^te  so  that  it  dearly  lacked  some  of  the  essential  characteristics 
of  pxire*  di-glyceric  aldehyde. 

'  Thesfe  experiments  had  reached  this  point  when  they  were- 'interrupted 
in  order  to  sjoithesize  dZ-glyceric  aldehyde  according  to  Wohl's  method.* 
In  cthe  "light  of  the  experience  gained  here,  the  experimentsr  were  then 
t^ki^np  again  and  completed  as  described  below. 

'  '  (^)--Six  hundred  grams  of  the  glycerol  oxidation  syrup,,  which  had  been 
^t&hditig  in  the  laboratory  for  six  months,  were  dissolved  in  6  liters  of 
absokfte.alcbhol  containing  1%  of  dry  hydrogen  chloride  and  kept  in  an 
lUhitaoiili^^ooled  refrigerator  for  three  months.  This  solution  was  worked 
u|>'in:thk^  equal  portions  of  2  liters  each  as  follows:  Bach  portion  w^ 
tn^kted'  with  200  cc.  of  water  and  then  shaken  vigorously  with  an  excess 
•bf  '^CX)«  f or  an  hour  or  more.  Finally  the  last  portions  of  add  were  re- 
movi^d  l^y  adding  small  amounts  of  sodium  bicarbonate  until  the  .solution 
was  no  longer  acid  to  moist  litmus  paper.  This  solution*  was  then  con- 
cetitrated'  in  vacuo  to  a  rather  thick  syrup.  About  two  volumes,  of  water 
were  added  in  which  the  syrup  was  readily  dissolved.  The  whole  was 
now  saturated  with  potassium  carbonate,  A  dark  red  upper  layer  sep- 
arated which  was  taken  up  in  ether.  The  remaining  solution  was  then 
extracted  fotu-  or  five  times  more  with  ether.  A  very  thick,  almost  black* 
tar:  reinained  as  the  residue  of  the  top  layer.  The  orange  colored  ether 
solution  was  dried  with  potassium  carbonate  and  concentrated,  which 
gave  125. g.  of  a  red  oil.  This  distilled  in  vacuo  gave  50  g.  of  a  colorless 
distillate  boiling  between  100^  and  140°  at  8  mm.  pressure.  On  redistil- 
lin^,^/^., distilling  between  108**  and  125**  (mostly  118^  to  r22'*)  at  8  mm. 
pressure  were  obtained.  This  was  dissolved  in  370  cc.  o.i  iV  sulfuric  add 
and  allowed  to  stand  at  room  temperature  for  one  week.  Two  grams  of 
glacial  acetic  add  were  added  and  then  170  cc.  of  0.212  N  barium  hy- 
droxide. After  filtering  off  the  barium  sulfate  the  solution  was  adjusted 
by  the  addition  of  small  amounts  of  6.1  N  sulfuric  add  until  only  a  shgfat 
positive  test  for  barium  could  be  obtaii^ed.  This  solution  was  freed  from 
barium  sulfate  by  filtering  through  a  filter  containing  a  pinch  of  washed 
animal  charcoal.  The  filtrate  was  freed  from  water  by  distilling,  in  vacuo. 
Thd  yellow  gum  was  taken  up  in  absolute  alcohol,  treated  with  ether  to 

*  Loc.  cU. 

*  Cf.  This  Journal,  36,  1908  (1914). 
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Temove  inorganic  matter,  and  concentrated  in  vacuo.  The  syrup  ob- 
tained was  inoculated  with  a  few  particles  of  crystalline  ^/-glyceric  alde- 
hyde. In  a  week  crystallization  was  complete.  The  crystals  were  filtered 
off,  washed  freely  with  absolute  alcohol  and  dried  in  the  air  for  one  day 
and  then  three  dajrs  in  vacuo  over  concentrated  sulfuric,  add.  These 
crystals  melted  at  142  ^.  When  mixed  with  ^/-glyceric  aldehyde,  obtained 
by  Wohl's  method  and  similarly  dried,  the  melting  point  (142^)  was  un- 
changed. A  second  crop  of  i  g.  made  the  total. quantity  obtained. 5^  g., 
i.  e.,  about  25%  of  the  amotmt  theoretically  possible  if  all  of  the  material 
hydrolyzed  was  glyceric  aldehyde  acetal. 

It  was  thus  definitely  estabUshed  that  this  oxidation  syrup  contaiils 
^-glyceric  aldehyde;  furthermore,  it  is  also  clear  from  the  xlatagiveii:  that 
this  method,  at  least  in  its  present  form,  is  valueless  bs  a  pi^etical  methdd 
of  preparing  (//-glyceric  aldehyde.  Wohl  and  Neuberg^  succeed'  in 
-converting  only  11%  of  their  ^/-glyceric  aldehyde  into  the  diethyl  acetal 
when  they  used  the  piu^  sugar.  In  Experiment  (d)  only  5.1%  of  the 
crude  material  was  obtained  as  tkt  acetal.  In  another  experiment  7.5% 
was  obtained  as  crude  acetal.  Ji  these  acetals  had  been  aji^utely  pu^ 
this  would  be  a  very  favorable  restdt,  but  they  were  no  doubt  mixed  with 
small  amoimts  of  other  acetals  or  acetal-like  compounds  of  glycerol,,  etc., 
which  either  failed  to  hydrolyze,  or  form  products  of  hydrolysis  which  pre- 
vent the  crystallization  of  the  ^/-glyceric  aldehyde  present  to  a.  large  ex- 
tent. Such  acetals  and  acetal-like  derivatives  of  aldehyde  with  glycerol 
and  the  higher  alcohols  are  known  to  be  formed^  and  especially 'in  the 
presence  of  hydrogen  chloride.* 

The  results  just  presented  make  it  clear  that  it  ought  to  be  possible^ 
to  obtain  crystalline  d/-glyceric  aldehyde  directly  from  the  glycerol 
oxidation  syrup  by  seeding  the  absolute  alcohol  solution  with  the 
xaystallized  material.  All  my  efforts  in  this  direction  have  thus  far 
met  with  practically  negative  results.  In  each  test  in  which  it  was  tried 
a  very  small  amount  crystallized  out  on  long  standing,  but  the  amount 
thus  obtained  was  Uegligible  for  practical  purposes.  The  dihydroxyacetone 
of  which  there  is  no  doubt  some  present,  and  possibly  the  glycerol  appear 
to  hinder  crystallization.  Further  experiments  with  this  syrup  are,  hoTT- 
ever,  still  being  made. 

Summary. 

It  has  been  shown  that  the  reaction  mixture,  obtained  on  oxidizing 
^Loc.  cU. 

*  Cf.  Meyer  .aad  Jacobson's  "Lehrbttch  der  Org.  Chemie/'  I,  n,  pp.  157  and  171 

for  references. 

3  Schultz,  ToUens,  Ann.,  289,  29  (1895);  Nef,  Ibid.,  335,  215  (1904);  and  Fischer, 
Ber.,  aS,  1169  (1895). 

*  Cf .  also  the  paper  on  the  preparation  of  glyceric  aldehyde  according  to  WohPs 
method,  Tnts  Journal,  36,  1908  (1914)* 
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glycerol  with  hydrogen  peroxide  in  the  presence  of  ferrous  iron,  contains 
{/{-glyceric  aldehyde: 

(i)  By  converting  the  aldehyde  into  glyceric  aldehyde  diethyl  acetal, 
which  was  separated  by  extraction  with  ether  and  subsequent  distillation 
and  was  identified  by  its  color,  taste,  boiling  point,  and, 

(2)  By  liberating  and  crystallizing  pure  glyceric  aldehyde  from  the 
syrup  obtained  on  hydrolyzing  the  above  acetal  ia  0.1  N  sulfuric  add. 

The  presence  or  absence  of  glycolaldehyde  and  dihydroxyacetone  was 
not  established  by  these  experiments. 

This  is  the  first  time  that  either  (//-glyceric  aldehyde  or  its  acetal  have 
been  isolated  from  an  oxidation  syrup  or  in  fact  from  any  source,  except 
by  the  synthetic  method  devised  by  Wohl.  It  is  likewise  the  first  time' 
that  a  sugar  has  been  isolated  from  a  reaction  mixture  by  converting  it 
into  the  acetal. 

Chicago,  IiA. 
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Ihtrodttction  to  Modern  Inorganic  Chemistry.  By  J.  W.  M«ux>r,  D.Sc.  1914. 
pp.  xvi  +  657.  8vo.  Longmdns,  Green  &  Co.,  London,  New  York.  Price, 
$1.30. 

The  earlier  and  similar  work  by  the  same  author,  ''Modem  Inorganic 
Chemistry,*'  1912,  has  been  reviewed  in  This  Journal,  35,  494.  In  the 
preface  to  the  present  book  the  author  says:  "I  have  prepared  a  smaller 
introductory  volume  to  suit  students  who  want  to  start  with  a  rather 
simpler  book,  and  I  have  been  persuaded  to  introduce  some  pages  dealing 
with  a  few  of  the  more  important  compounds  which  the  inorganic  chemist 
borrows  from  the  organic  chemist.  My  larger  book  can  now  be  regarded 
as  a  kind  of  sequel  to  the  present  work.*' 

We  all  believe  that  good  teaching  requires  us  to  arouse  and  hold  the 
attention  of  the  student,  but  those  of  us  who  have  to  perform  this  task 
for  freshmen  may  well  be  discouraged  over  our  feeble  efforts  on  reading 
such  an  exciting  book  as  this.  Our  attempts  to  keep  the  students  awake 
by  such  crude  means  as  strange  smells  and  explosions  are  here  supplanted 
by  poetry  and  drama.  Who  ever  suspected  that  chemistry  afforded  such 
opportunities  for  literary  effect  as  we  find  on  page  erne?  **Wind  is  air  in 
motion,  and  wind  has  sufficient  energy  to  propel  our  sailing  ships,  to  drive 
the  machinery  of  our  windmills,  and,  when  stirred  by  cytdonic  blast,  to 
uproot  trees,  sweep  away  buildings,  and  lash  the  surface  of  the  ocean  into 
void  monster  waves."  Again,  how  the  student  will  be  aroused  by  the 
paragraph  commencing  **Let  us  assume  the  function  of  a  judge  in  a  law 
cotul  and  sum  up  the  evidence  for  the  jury,"  etc.  How  many  of  us  have 
ever  thought  of  reciting  stanzas  from  Shelley's  poem  **The  Cloud"  to  en- 
Kven  oiu-  lecture  on  water?    We  find  a  paragraph  headed,  ''Nature  AbhcMTS 
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a  Vacuum/'  and  the  next,  "Death  of  the  Hypothesis:  Nature  Abhors  a 
Vacuum."  There  lacks  only  an  illustration  of  Nature  shrinking  in  terror 
from  a  Vacuum,  and  another  of  the  D3ring  H3rpothesis. 

But  if  the  above  suggested  illustrations  are  lacking  there  is  no  dearth 
of  others.  We  are  shown  countless  hands  holding  test  tubes,  mice  lan- 
guishing in  miniature  black  holes  of  Calcutta,  a  man  watching  a  big  pile 
of  wood  turning  to  charcoal,  bacteria  growing  on  the  root  of  a  bean  plant, 
literally  dozens  of  generating  flasks  with  delivery  tubes  and  pneumatic 
trougl^,  eyes  looking,  mouths  blowing,  and  many  other  tmique  chemical 
phenomena.  The  visual  memory  is  surely  nbt  neglected.  (One  of  these 
illustrations,  molecules  of  hydrogen  and  chlorine,  on  page  150,  is  not 
arranged  according  to  the  labels.) 

The  author  is  much  interested  in  words.  He  distinguishes  carefully 
between  the  Latin  and  Greek  numeral  prefixes,  although  he  allows  "tri- 
valent"  to  slip  in,  p.  523,  instead  of  his  chosen  **tervalent."  We  wonder  if 
beginners  in  England  are  usually  required  to  understand  such  terms  as 
"Fremy's  salt,"  **atmol)rsis,"  "eremacausis,"  "temoin  tube,"  etc.? 

A  suggestive  feature  of  the  book  is  the  unconventional  order  of  presenta- 
tion. No  attempt  is  made  near  the  beginning  to  treat  completely  the 
compounds  of  any  element.  The  effort  seems  to  have  been  rather  to  select 
only  such  descriptive  material  as  will  aid  in  presenting  the  fundamental 
principles.  There  are  places,  however,  where  one  hunts  in  vain  for  any 
sequence.  Thus,  in  Chapter  XXIX,  we  find  several  paragraphs  on  air 
followed  by  one  on  "Maximum,  Active,  and  Sleeping  Valences."  On 
p.  282  we  find  a  paragraph  on  "Dialysis"  (being  a  treatment  of  colloids) 
out  of  any  apparent  connection  with  the  rest  of  the  chapter.  (Dial3rsis 
is  again  defined  on  p.  594.) 

There  are  very  full  historical  references.  The  student  is  usually  given 
the  historical  explanations  of  phenomena — as,  for  example,  in  the  full 
discussion  of  the  phlogiston  conflict — ^before  being  introduced  to  the  mod- 
em viewpoint. 

In  reading  a  textbook  which  is  "modem"  by  title,  one  is  surprise 
no  use  made  of  the  ionic  theory.  It  is  presented  in  Chapter  X3 
in  terms  that  indicate  that  the  author  is  rather  afraid  of  any 
hypothetical.  Thus,  "The  ionic  hypothesis  is  to  be  regarded  as  ; 
stroke  of  scientific  speculation'  which  is  very  fashionable;"  ai 
"In  this  way  the  ions  have  been  invested  with  such  imaginary  p 
as  may  be  needed  to  keep  the  ionic  hypothesis  in  accord  with  t 
Quite  an  elaborate  system,  fairly  consistent  with  itself,  has  been 
on  the  above  postulates.  Neither  the  ionic  nor  the  chain  (C 
h3rpothesis  has  proved  an  adequate  explanation  of  the  facts,  and 
the  majority  of  chemists  favor  the  ionic  hypothesis,  yet  it  is  re 
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that  it  has  many  defects  whidi  witt  render  a  change  necessary  when  diem- 
ists  can  think  of  a  better."  This  fear  of  overbold  hypotheses  does  not 
prevent  the  author  from  confidently  writing  structural  formulas  for  a. 
large  number  of  inorganic  compounds;  and  explaining  that  the  failure  of 
ammonia  to  precipitate  the  hydroxides  of  magnesium  and  manganese  in 
the  presence  of  ammonitun  salts  as  due  to  the  formation  of  double  salts. 
It  is  always  interesting  to  find  what  theories  are  accepted  without  qualm 
by  those  who  look  upon  ions  with  suspicion. 

On  p.  414  we  find  the  possibility  of  arranging  the  elements  in  a  series 
''representing  the  strength  of  the  current  (in  volts)/'  etc.  A  sentence  on 
page  458,  referring  to  passive  iron,  says  what  the  author  evidently  does, 
not  mean. 

As  in  the  larger  book,  numerous  questions  are  subjoined  to  each  chapter. 
These  are  exceedingly  interesting,  and  would  alone  r^ay  the  teadier  for 
the  purchase  of  the  book.     *  JoEi«  H.  Hildbbrand. 

Die  Theorie  der  Strahlung  und  der  Quantea.  Vbrhandlunoen  auf  binbA  von  b. 
SoLVAY  BiNBBRUPBNBN  ZusAMMBNKUNPT  (30  Oktober  bis  3  November  191 1). 
Mit  einem  Anhange  fiber  Die  Entwicklung  der  Quanten  theorie  vom  Herbst  191 1 
bis  zum  Sommer  1913.  In  Deutsdier  Sprache  iieratisgegebeii  von  A.  Eucken^ 
Halle.  Dnick  und  Verlag  von  Wilhelm  Knapp,  pp.  i-zii  und  1-405.  Price^ 
15  M  60  pf. 

This  volume  bears  witness  not  only  to  the  extraordinary  activity  and 
success  of  the  German  physicists  in  the  development  of  the  Quantum 
theory,  but  also  to  their  industry  and  zeal  in  getting  the  latest  phases  of 
this  subject  both  from  the  experimental  and  the  theoretical  side  into  the 
most  convenient  possible  form  for  the  use  of  the  German  scientist.  The 
book  before  us  represents,  in  the  first  place,  the  trandation  into  German  of 
the  addresses  and  discussions  on  the  Theory  of  Quanta  which  were  beki  in 
Brussels  in  November,  191 1,  and  were  published  in  Frendi  in  1913.  Thes^ 
addresses  represent  practically  the  only  source  to  which  one  can  as  yet  go 
for  authoritative  information  as  to  what  is  involved  in  the  theory  of  Quanta 
and  what  experimental  success  that  theory  has  had.  If,  however,  these 
addresses  were  the  entire  content  of  the  volume,  one  might  question 
whether  their  translation  into  German,  when  they  were  already  available 
in  French,  would  be  worth  while,  even  from  the  point  of  view  of  the  Ger- 
man reader.  For  papers  on  a  subject  which  is  in  its  early  infancy,  the 
aspect  of  which  is  changing  almost  every  month,  must,  of  necessity,  have 
much  about  them  which  is  ephemeral.  But  Dr.  Eucken  has  done  much 
more  than  render  these  notable  addresses  into  good  German.  He  has 
added  a  thirty-five  page  paper  of  his  own  which  is  just  as  notable  as  any 
paper  which  was  presented  at  the  Solvay  Congress.  In  it,  Dr,  Eucken, 
though  a  very  young  man  himself,  has  sketched,  with  the  hand  of  a  master. 
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the  devdopments  ol  the  Quantuni  theory  from  the  fall  of  1911  to  the 
smmner  of  1913.  There  are  few  men  who  possess  either  the  ability  or  the 
knowledge  to  present  so  comprehensive,  and  at  the  same  time,  so  judicial 
and  so  discriminating  a  view  of  all  the  work  which  appeared  withhi  these 
two  years  upon  this  subject.  This  review  gives  to  the  German  edition  of 
the  "Theory  of  Radiation  and  of  Quanta"  a  value  greatly  in  excess  of  that 
possessed  by  the  French  edition. 

To  present  a  review  of  the  content  of  the  addresses  themselves  is  wholly 
beyond  the  possibilities  of  a  book  review  such  as  this.  There  is  a  limit 
beyond  which  concentration  cannot  be  carried  and  this  limit  was  about 
reached  in  some  of  the  original  addresses.  Suffice  it  to  say  that  anyone 
who  would  familiarize  himself  with  the  theory  of  Quanta,  can  do  no  better 
than  to  get  the  book  in  hand  and  read  the  papers  of  Einstein,  of  Nemst,  of 
Planck,  of  Lorenz,  of  Sommerfeld,  of  Langevin  and  of  Eucken.  The  paper 
of  Perrin  is  very  long  and  has  no  immediate  bearing  upon  the  theory  of 
Quanta.  Also,  the  papers  of  Knudsen  and  of  Jeans  may  be  omitted  for  the 
purpose  at  hand ;  the  first,  because  it  does  not  bear  on  the  subject  of  Quanta, 
and  the  second,  because  the  viewpoints  taken  in  it  have  now  been  aban- 
doned even  by  the  author.  All  the  rest  of  the  volume  is  a  storehouse  *of 
information  for  the  student  of  the  theory  of  Quanta. 

R.   A.   MlJ^LIKAN. 

Die  LichthrMhtmg  in  GaMn  ala  iihjallcalischM  imd  ehemiscliM  Problem.  Dr.  Stanis- 
LAW  LoRiA.  Bminachweig.  Vieweg  ft  Sohn.  1914.  pp.  vi  +  92.  Prioe» 
3  Marks. 

The  **Sammlung  Vieweg**  is  to  be  devoted  to  scientific  or  technical 
matters  which  are  in  active  development.  By  means  of  brief  monographs 
it  hopes  to  make  their  present  state  more  widely  known  and  to  suggest 
the  directions  of  possible  progress. 

Dr.  Loria's  Uttle  book  is  the  fotuth  of  the  series.  The  Uterature  con- 
cerned with  refraction  in  gases  is  extensive.  Much  of  it,  though  still  of 
interest  to  the  historian  or  bibUographer  or  student  oi  methodology,  is 
not  utilized  in  this  monograph,  whose  object  is  to  revise  all  of  our  ex- 
perimental knowledge  of  the  refraction  and  dispersion  of  light  by  gases, 
in  the  hope  of  obtaining,  in  the  futtu-e,  information  as  to  the  structure  of 
the  atom.  Since  this  subject  will  interest,  not  only  physicists,  but  also 
chemists,  the  book  b^ns  with  a  chapter  for  the  benefit  of  the  latter,  en- 
titled "Elektromagnetische  Dispersionstheorien.'' 

The  working  model  of  the  optical  action  of  even  the  simplest  molecule 
or  atom  is  not  yet  devised.  This  little  book  well  sets  forth  the  facts  and 
theoretic  relations  from  which  such  a  model  may  sometime  be  derived. 
It  is  commended  to  the  attention  of  those  who  are  interested  in  physical 
chemistry.  Edward  W.  Moruy. 
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Crystallognphy.    An  Outiliie  oi  tfie  (Hometfktl  Propertteg  of  Cfj«talt«    By  T.  L. 

Waucsr,    M.A.,    Ph.D.    pp.    ziv  +  204.    Illustrated.    Cloth,    6X9.    New 
York:  McGraw-Hill  Book  Co.     1914.    Price*  $3.00. 

This  is  the  first  comprehensive  treatment  in  English  of  the  fundamental 
concepts  of  crystallography  based  on  the  methods  of  Victor  Goldschmidt. 
The  treatment  is  practical  rather  than  theoretical.  The  author  lays 
especial  stress  in  the  projection  of  crystal  forms  and  the  derivation  of  their 
symbols  from  the  projections. 

The  book  consists  of  17  chapters,  of  which  8  are  very  short.  These 
are  devoted  to  such  subjects  as  the  chemical  and  physical  properties  of 
crystals,  their  formation,  symmetry,  the  irregularities  of  crystal  surfaces, 
crystal  drawing,  etc.  Of  the  remaining  9  chapters,  6  deal  with  the  dis- 
cussion of  the  six  crystal  systems,  one  treats  of  oystal  aggregates  (mainly 
twinned  crystals),  one  of  the  mathematical  characteristics  of  oystals, 
including  their  meastu'ement  and  projection  and  in  one — ^the  last — ^the 
author  illustrates  the  methods  of  procedture  in  crystallographic  investiga- 
tions by  reprinting  in  full  the  article  by  Goldschmidt  and  Nicol  on  "New 
Forms  of  Sperrylite,"  and  that  by  Eakle  on  "Colemanite  from  Southern 
California."    This  last  chapter  serves  as  a  summary  of  all  that  precedes  it. 

The  voltmie  is  satisfactory  in  every  respect.  It  is  clearly  written  and 
well  printed;  its  discussions  are  logical  and  the  subject  matter  is  funda- 
mental. The  book  is  an  excellent  one  ior  mature  students  and  for  those 
who  are  familiar  with  the  elements  of  oystallography.  It  is  unquestion- 
ably the  best  book  in  English  for  those  who  desire  to  make  a  serious  study 
of  crystals.  Its  author  and  publisher  are  to  be  congratulated  upon  its 
publication.  W.  S.  Bayu^y. 

Quantitative  Analyats.  By  Edward  G.  MAmN,  Ph.D.,  Associate  Professor  of  Chem- 
istry in  Purdue  University.  First  edition.  New  York:  McGraw-Hill  Book 
Company,  Inc.     1914.    pp.  ix  -h  511;  119  ills.     14  X  20  cm.    Price,  $3.00  net. 

This  is  another  member  of  the  International  Chemical  Series,  of  which 
Prof.  H.  P.  Talbot  is  consulting  editor,  and  is  tmiform  in  external  form 
with  the  other  members  of  the  series. 

To  quote  from  the  preface,  "The  author  has  felt  a  desire  that  has  proba- 
bly been  felt  by  every  teacher  of  quantitative  analysis,  to  produce  a  book 
that  would  cover  the  ground  that  he  wishes  to  cover  in  the  college  courses, 
providing  a  reasonable  degree  of  latitude  in  the  selection  of  exercises  for 
other  possible  users  of  the  book,  and  at  the  same  time  to  present  a  theo- 
retical and  practical  discussion  of  the  subject,  sufficiently  simple  to  be 
comprehended  by  the  average  student  but  not  so  elementary  as  to  destroy 

his  self-respect The  general  discussions  have  been  given  a  large 

share  of  attention  although  elaborate  or  involved  theoretiad  discussions 
have  been,  as  far  as  possible  avoided."  The  first  half  of  the  book  is  de- 
voted to  principles  and  standard  methods  of  analysis,  as  may  be  gleaned 
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from  the  titles  of  Chapters  i  to  10:  general  prmcq>les,  gravimetric  analysis, 
experimental  gravimetric  analysis,  electroanal3rsis,  volmnetric  analysis, 
color  change  of  indicatcurs,  standardization,  experimental  volumetric 
analysis,  oxidation  and  reduction,  titrations  involving  the  formation  of 
precipitates.  Silver  chloride,  by  the  way,  must  fuse  far  above  151^ 
(p.  70),  for  it  will  be  recalled  that  Richards  latterly  dries  it  at  250^  without 
fusion.  The  second  half  of  the  book  is  entirely  occupied  by  Chapter  1 1, 
analysis  of  industrial  products  and  raw  materials,  witJi  the  following  sub- 
heads: carbonate  minerals  (6  pp.),  silicate  minerals  (7  pp.),  coal  and  coke 
(total  24  pp.),  gas  mixtures  (18  pp.),  burning  oils  (6  pp.),  lubricating  oils 
(5  PPO*  ^ble  fats  and  oils  (26  pp.)i  water  for  industrial  uses  (13  pp.), 
water  for  sanitary  uses  (26  pp.),  iron  and  steel  (33  pp.),  fertilizers  (18  pp.), 
dairy  products  (23  pp.),  assaying  gold  and  silver  ores  (22  pp.),  from  which 
titles  one  can  obtain  an  indication  of  how  far  the  author  has  endeavored 
to  cover  some  of  the  fields  of  applied  analysis. 

Even  in  the  second  part  of  the  book,  the  manual  training  soUdity  of  the 
subject  is  leavened  somewhat  by  an  infusion  of  reason  and  reasonableness, 
and  the  unavoidable  high  concentration  of  facts  and  directions  somewhat 
diluted  by  recollections  of  theory.  ''References  to  original  papers  have 
been  carefully  selected  with  a  view  to  actual  reading  by  the  student.. . . " 
The  book  is  modem  and  well-done,  and  will  doubtless  prove  acceptable 
to  many  who  wish  to  use  a  book  of  a  content  such  as  this  one  oflfers. 

Alan  W.  C.  Mbnzies. 

Quantitative  Analysis  by  Electrolysis.  By  Albxandbr  Classbn  with  the  codperation 
of  H.  Clobrbn.  Translated  from  the  "Thoroughly  Revised  Fifth  German  Edition" 
by  William  T.  Hall,  Assistant  Professor,  Massachusetts  Institute  of  Technology. 
New  York:  John  Wiley  &  Sons,  Inc..  London:  Chapman  &  Hall,  Limited. 
1913.     8vo.    X  +  308  pp.     52  figures.     Cloth,  $2.50  net  (10/6  net). 

This  book  was  issued  sometime  ago,  with  the  excellent  print  and  binding 
characteristic  of  the  pubUcations  of  J.  Wiley  and  Sons.  As  stated  in  the 
review  of. the  German  edition  (This  Journal,  3I1  513)  tins  fifth  edition 
differs  particularly  in  its  introduction  from  the  previous  editions,  and  is 
altogether  one  of  the  best  books  on  the  subject.  As  before,  the  book  con- 
sists of  four  parts — Part  I,  Introduction,  100  pages;  Part  II,  Electro- 
analytical  Determinations,  88  pages;  Part  III,  Separation  of  Metals, 
63  pages,  and  Part  IV,  Special  Analyses,  60  pages.  The  introduction  has 
been  rewritten  entirely,  and  presents  the  fundamental  facts  of  electro- 
chemistry according  to  our  present-day  manner  of  viewing  them.  This 
presentation  is  fairly  accurate,  but  the  absence  of  divisional  headiiigs  and 
experiments  or  demonstrations  makes  it  difficult  for  study  by  a  beginner. 

The  other  parts  of  the  book  retain  the  form  and  much  of  the  matter  of 
the  former  editions,  but  the  results  of  recent  investigations  on  the  subject 
have  been  carefully  added,  and  obsolete  matter  has  been  omitted.    The 
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inforniation  given  is  reliable  in  the  main.  It  is  to  be  regretted  that  the 
author  has  omitted  as  important  a  method  as  the  ammoniacal  ekctrotytt 
for  the  determination  of  silver,  and  that  he  credits  the  cyanide  electrol3rte 
for  silver  as  being  absolutely  accturate;  also,  that  he  fails  to  mention  that 
all  methods  for  determining  zinc  give  too  high  results.  But  these  errors 
and  omissions  are  exceptional. 

The  presentation  of  the  separate  topics  is  excellent,  but  as  a  whole  the 
book  lacks  plan :  it  does  not  give  the  student  such  a  perspective  view  of  tiie 
subject  as.  a  modem  presentation  should  give.  The  metals  are  not  pre- 
sented in  their. electrochemical  relation.  Thus  iu  Part  II  the  metals  are 
taken  up  in  this  order:  copper,. lead,  cadmium,  bismuth,  silver,  etc.,  wfaidh 
may  tie  a  very  good  iH-der  for  a  series  of  exercises  to  be  given  to  stadents, 
btit  which  has  absolutely  no  theoretical  basis,  and  hence  is  not  a  desirable 
order  for  either  a  textbook  or  for  a  reference  book  in  which  facts  are  to  be 
correlated  as  much  as  possible.  This  lack  of  correlation  shows  itself  to 
particular  disadvantage  in  Part  III — Separation  of  Metals~in  which, 
with  proper  plan  and  correlation,  much  needless  and  really  bewildering 
duplication  could  have  been  avoided. 

Part  IV — Special  Analyses — ^is  particularly  valuable.  It  reflects  the 
author's  wide  experience  and  great  ability  in  selecting  and  combining  the 
methods  for  different  metals  into  plans  for  the  rapid  and  accurate  analysis 
of  special  compounds  such  as  the  commercial  alloys  and  the  important 
metalUferous  minerals. 

The  book  may  truly  be  designated  as  one  of  the  standards  of  analytical 
chemistry,  and  should  be  found  in  every  chemical  library. 

E.   P.   SCHOCH. 

Qualitative  Chemical  Analysis.  A  Laboratory  Text  Treating  of  the  Common  Cl^nents 
and  their  Compounds.  By  Anton  Vorisbk,  Professor  of  Analydcal  Chemistry, 
College  of  Pharmacy,  Columbia  University,  in  the  City  of  New  Vork.  P.  Blakis- 
tons'  Son  and  Co.,  Philadelphia,  pp.  x  +  226,  with  a  plate  of  specba,  tables 
and  text  figures.     Pride,  $a.oo.  « 

The  appearance  of  still  another  textbook  on  Qualitative  Analysis  can 
hatdly  fail  to  cause  some  curiosity  on  the  part  of  teachers  r^arding  the 
originality  of  the  material  contained  in  the  book,  and  of  the  method  erf 
presentation.  The  author  of  this  book  states  in  the  preface:  "The 
object  of  the  volume  is  to  present  a  concise  but  thorough  course  of  qualita- 
tive analysis  of  the  commonly  occurring  compounds  and  their  diemical 
constituents.''  Many  other  texts  have  had  the  same  purpose,  and  have 
in  a  large  number  of  cases  fulfilled  it  with  distinct  success.  It  therefore 
becomes  necessary  to  sedc  the  qualities  of  this  book  which  mark  it  as  dis- 
tinct from  those  we  already  possess. 

The  thorough  description  of  all  the  compoimds  the  student  is  likely  to  meet 
in  an  elementary  course,  or  even  in  a  more  advanced  one,  is  a  feature  of  this 
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book  wanting  in  nearly  all  the  smaller  texts.  These  descriptions  precede 
the  presentation  of  the  systematic  separations  and  are  of  such  a  nature  that 
the  student  who  has  mastered  them  is  in  a  position  to  prepare  for  himself 
schemes  of  analysis.  This  is  true  not  only  of  the  basic  analysis;  for  the 
ssone  method  is  adopted  in  the  presentation  of  the  analysis  for  addic  con- 
stituents. The  concise  form  in  which  the  chemical  facts  are  thus  presented 
should  make  the  book  of  value  as  a  laboratory  reference  book. 

It  is  to  be  regretted  that  these  excellent  features  are  marred  by  the  ab- 
sence,  in  all  discussions  and  reactions  which  accompany  the  descriptions, 
of  any  regard  to  the  theories  of  ionic  dissociation  or  to  the  reversibility 
of  reactions  developed  in  other  parts  of  the  book.  Even  though  the  author 
acscepts  the  prevailii^;  views  of  chemistry  in  aqueous  solutions  he  writes 
reactions,  such  as  the  formation  of  barium  sulfate  and  silver  chloride  as, 
BaCJ,  +  HtS04  «  BaSOi  +  2HCI,  and  AgNO,  +  HCl  «  Aga  +  HNO,, 
aiul  cites  these  as  typical  examfles  of  irreversible  reactions.  (See  p..  3  and 
again  p.  185.)  Moreover,  the  theoretical  portion  itself  is  weak  and  in- 
accurate, and  its  utility  in  the  correlation  of  the  facts  and  methods  pre- 
sented is  exceedingly  slight. 

Some  of  the  itiaccturades  are  of  rather  a  serious  nature.  The  algebraic 
statement  of  the  mass  in  equation  6  on  page'  180,  and  its  application  on 
page  181  and  in  other  parts  of  the  book,  is,  to  say  the  least,  unintelligible. 
Again,  on  page  180,  the  formula  for  hydrogen  fluoride  in  aqueous  solution 
is  given  as  HF,  whereas  it  is  generally  recognized  that  nearly  all  the  sub- 
stance present  in  such  a  solution  has  the  formula  HsPs.  Similar  examples 
of  inaccuracy  and  vagueness  are  not  infrequent  in  other  parts  of  the  book. 

Altogether,  the  usefulness  of  the  book,  from  either  the  scientific  or  the 
pedagogical  aspect,  is  by  no  means  apparent.        Ludwig  Rosbnstein. 

Nndeic  Adds.  Their  Chemical  Properties  and  Physiological  Conduct.  By  Waltbr 
Jones,  Ph.D.,  Professor  of  Phsrsiological  Chemistry  in  the  Johns  Hopkins  Medical 
School.  Longmans,  Green  and  Company,  London,  1914.  viii  +  118  pp.,  Ro3ral 
Octavo.    Price,  $1.10. 

This  small  volume,  after  considering  historically  the  discovery  of  nucleic 
acid  and  its  clear  separation  from  the  nucleins  and  nucleoproteins,  takes 
up  a  detailed  discussion  of  its  chemistry.  The  identity  of  all  animal  and 
of  all  vegetable  nucleic  acids  is  emphasized,  after  which  thymus  nucleic 
acid  and  yeast  nucleic  acid  are  taken  up  at  length  as  representative  mem- 
bers of  these  groups.  The  second  half  of  the  volume  deals  with  the  physi- 
ological behavior  of  nucleic  acid. 

The  book,  as  a  whole,  states  fairly  oiu-  present  knowledge  of  the  subject. 
Due  consideration  is  given  the  several  score  of  workers  who  have  made 
this  field,  and  their  several  hilndred  articles.  But  it  is  more  than  the  so 
common  review,  in  which  all  findings  and  all  views  are  given  the  same  space, 
and  are  made  to  appear  as  of  equal  value.    Jones*  view  is  critical  and  since 
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his  contributions  to  the  biochemistry  of  nucleic  add  and  its  derived  pur- 
ines, and  to  the  ferments  acting  upon  these,  are  to  be  counted  among  the 
really  substantial  ones  of  American  physiology,  his  judgment  means  some- 
thing. 

An  appendix  to  the  voltune  gives  in  excellent  form  an  outline  for  pre- 
paring thymus  nucleic  acid,  for  isolating  and  identifying  its  various  de- 
rivatives and  for  proving  the  presence  or  absence  of  the  various  purine 
ferments. 

One  does  not  add  this  new  volume  to  the  Plimmer  and  Hopkins  series 
of  monographs  on  biochemistry  without  renewed  commendation  of  the 
editorial  spirit  which  has  brought  them  into  being,  and  of  the  courage  ci 
the  publishers  in  bringing  them  out.  We  could,  to  the  benefit  of  sdenttfic 
development  in  the  United  States,  advantageously  exdiange  many  of 
otu-  textbooks  for  monographs  of  this  type.  Nor  does  one  note  carelessly 
that,  in  adding  Jones'  name  to  the  list,  we  become  inddited  to  another 
non-medical  investigator  and  writer  for  light  in  a  field  which  from  many 
angles  has  been  considered  peculiarly  medical.  Medical  men  have  literally 
filled  shelves  with  books  and  articles  on  "uric  add"  and  its  allies  and  said 
nothing.  Will  the  day  not  come  soon  when  our  ranks  will  agsdn  show  the 
effects  of  that  same  mental  disdpline  demanded  in  other  branches  of 
science?  Martin  H.  Pischbr 
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Introductory. 
Considerable  work  has  been  done  in  this  laboratory,  especially  during 
the  past  five  years,  on  the  conductivity  and  dissociation  of  organic  acids 
in  water  as  a  solvent,  over  a  fairly  wide  range  of  temperatiu-e  and  dilu- 
tion. This  investigation  is  a  continuation  of  those  in  non-aqueous  and 
mixed  solvents,  which  have  been  in  progress  in  this  laboratory  during  the 
past  dozen  years.*  Since,  up  to  the  present  but  very  little  has  been  done 
here  with  solutions  of  the  organic  acids  in  absolute  ethyl  alcohol,  it  was 
decided  to  extend  our  investigations  into  this  field.' 

A  few  rather  crude  measurements  of  the  conductivity  of  organic  acids 
were  made  comparatively  early  in  the  history  of  the  conductivity  method. 
Wakeman,^  in  1893,  measured  the  conductivities  of  certain  organic  acids 
in  mixtures  of  alcohol  and  water,  ranging  from  pure  water  to  50%  alco- 
hol.   He  calculated  the  dissociations  of  these  acids  and  their  dissocia- 

^  This  investigation  was  carried  out  with  the  aid  of  a  grant  to  H.  C.  Jones  from  the 
Carnegie  Institution  of  Washington. 

*  Carnegie  Institution  of  Washington,  Publication  No.  X70. 

*Am.  Chem.  J.,  44^  ^56  (i9io);46,  56  (i9ii);48,  320,  411  (1912);  50,  i  (1913)- 

^  Z.  physik.  Chem.,  zz»  49  (1893). 
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tion  constants.    The  dissociations  decrease  slowly  with  increase  in  the 

amount  of  alcohol  present.    The  constants  decrease  much  more  rapidly 

for  the  same  increase  in  alcohol.    Wakeman  {dotted  curves  with  molec- 

,^     ,  ^.    „  ..  ular  conductivities  as  ordinates 

and  percentage  alcohol  as  ab- 
scissas, and  showed  that,  when 
they  were  extended  beyond  50% 
alcohol  in  the  direction  of  100% 
alcohol,  the  conductivities  {u-oba- 
bly  approached  zero  as  a  limit. 
He  calculated  that  dissociation  in 
the  mixttu'e  is  much  less  than 
would  be  expected,  and  showed 
that  the  Ostwald  dilution  law 
could  not  be  applied  to  the  mix- 
tures containing  large  amounts 
of  alcohol. 

Schall,^  in  1894,  determined  the 
conductivity  of  certain  organic 
adds  in  ethyl  alcohol,  and  in 
mixtures  of  ethyl  alcohol  widi 
water.  We  also  did  some  work 
on  isobutyl  alcohol.  Schall  con- 
cluded from  his  results  that  the 
molecular  conductivity  of  organic 
acids  is  much  less  in  thcalcohols 
than  in  water,  and  that  the  adds 
behave  very  differently  in  akohol- 
water  mixtures  than  in  the  pure 
solvents.  Some  of  them  seem  to 
behave  just  the  opposite  of  what 
might  be  expected  from  their 
conduct  in  the  pure  solvents. 
For  example,  picric  add  gives  a 
much  higher,  and  the  others  much 
lower,  conductivity  values  in 
^water-alcohol  mixtures  than  in 
the  ptn-e  alcohol. 

A  careful  piece  of  work  on  the 
conductivity  of  certain  organic 
adds  in  absolute  alcohol  at  18^  seems  to  have  been  done  by  Wilderman^  in 
>  Z.  physik.  Chem.,  14,  701  (1894). 
*Ibid.,  14,231  (1894). 
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1894.  A  great  number  of  precautions  were  taken  by  him  in  preparing  the 
solutions  and  in  measuring  the  conductivity.  He  does  not  give  his  results 
with  the  weaker  adds,  but  simply  states  that  between  the  volumes  10 
and  160  the  molecular  conductivity  increases  approximately  propor- 
tional to  the  volume.  In  summing  up  his  work,  Wilderman  says  that  it 
is  possible  to  apply  the  Kohlrausch  method  to  the  determination  of  the 
conductivity  of  strong  acids  in  absolute  alcohol,  but  that  no  reliable  re- 
sults could  be  obtained  for  such  weak  acids  as  acetic,  monochloroacetic 
and  succinic.  He  remarks  that  much  time  and  patience  on  the  part 
of  the  experimenter  are  required  to  obtain  results  which  are  at  all  reUa- 
ble. 

In  a  second  investigation^  Wilderman  studied  the  same  adds  as  in  the 
earlier  work,  using  in  this  case  a  predsion  galvanometer  method  and 
working  at  25°  instead  of  18°.  We  found  this  method  more  generally 
applicable  than  that  of  Kohlrausch. 

Considerable  work*  has  recently  been  dooe  in  this  laboratory  on  the 
conductivity  of  solutions  in  both  methyl  and  ethyl  alcohols,  but  this  need 
not  be  discussed  here. 

Experimental. 

The  conductivity  apparatus  and  method  used,  for  making  the  measure- 
ments were  similar  to  that  employed  in  previous  work  in  this  laboratory, 
except  that  on  account  of  the  high  resistance  offered  by  the  alcoholic 
solutions  of  the  adds,  it  was  necessary  to  make  use  entirdy  of  the  cylin- 
drical type  of  conductivity  cell.  The  method  of  obtaining  the  constants 
of  these  cells  has  already  been  described.' 

Since  the  percentage  temperature  coeffidents  of  conductivity  for  sub- 
stances dissolved  in  alcohol,  as  well  as  the  coeffident  of  expansion  of  the 
alcohol  itself,  are  so  large,  it  is  necessary  to  regulate  the  temperature 
as  dosely  as  possible.  This  was  secured  by  the  combination  of  a  spe- 
cially devised  gas  regulator  and  thermoregulator.  These  have  already 
been  described  in  earlier  papers.^ 

In  co5peration  with  Dr.  P.  B.  Davis,  of  this  laboratory,  a  new  form  of 
constant  temperature  bath  was  also  designed.  Its  construction  can  be 
seen  from  Pig.  II.  A  full  discussion  of  the  finally  adopted  form  will  be 
presented  in  a  paper  to  be  published  by  Davis,  Putnam  and  Jones.  In 
these  baths  the  temperature  ordinarily  does  not  vary  more  than  0.02^ 
which  is  sufl&dently  constant  for  our  purpose.  With  special  precautions 
as  to  insulation  against  changes  in  temperature,  and  with  ftuther  modifica- 
tion of  the  thermoregulator,  the  variation  can  be  decreased  to  a  few 

*  Z.  physik.  Chem.,  14,  247  (1894). 

'  Carnegie  Institution  of  Washington,  Publications  Nos.  80  and  i8o. 

*Am,  Chem.  /.,  42,  527  (1909);  44,  6^  (19"). 

«  Z.  physik.  Chem.,  9%,  519  (1913)- 
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thousandths  of  a  degree.    Aside  from  the  better  temperature  regulation 
obtained  in  this  form  of  thermostat  bath,  there  are  also  one  or  two  other 

advantages  derived  from  its  use. 
The  bath  is  made  of  copper  which 
does  not  rust,  and  the  stirring  ar- 
rangements and  the  cooling  coil 
are  on  the  side  of  the  bath,  and 
are  therefore  out  of  the  way.  A 
number  of  minor  improvements 
were  also  made. 

Solutions  were  made  up  in  200 
cc.  flasks  caUbrated  for  25  **,  and 
the  measurements  of  the  conduc- 
tivities of  these  solutions  were 
made  at  15°,  25°  and  35°. 
Pipets,  on  account  of  greater  con- 
venience in  handling,  were  fre- 
quently used  for  measuring  pur- 
poses. They  were  in  all  cases 
carefully  recalibrated.  Correc- 
tions for  the  expansion  and  con- 
traction of  the  alcoholic  solutions 
at  35  ^  and  1 5  °,  respectively,  were 
of  course  appUed  to  the  conduc- 
tivity measiurements. 

The  alcohol  was  prepared  by 
heating  ordinary  95%  alcohol  for 
several  days  with  fresh  lime  in 


I.... 


I^JlI 


Fig.  II. 


^a  copper  tank,  provided  with  a  groimd  brass  stopper  and  reflux  con- 
denser, and  then  distilling  it  through  a  block-tin  condenser.  The  dis- 
tillate was  reheated  with  fresh  lime  and  again  distilled,  the  first  and 
last  portions  of  this  distillate  being  discarded.  A  few  sticks  of  sodium 
hydroxide  added  during  the  last  day  of  heating  insured  the  removal 
from  the  distillate  of  any  aldehyde  which  might  have  been  present, 
and  which  otherwise  would  have  distilled  over  with  the  alcohol.  By 
taking  proper  precautions,  it  is  possible  to  obtain  alcohol  by  this  method 
having  a  specific  gravity  of  o .  78506  to  within  the  limit  of  error  ^  o .  00002. 
According  to  Circular  19  of  the  Bureau  of  Standards,  such  alcohcd  is  pure. 
The  alcohol  employed  in  the  conductivity,  measurements  varied  in  specific 
gravity  from  0.78506  to  0.78517,  the  latter  containing  99.964%  alcohol. 
The  receiver  for  the  distillate  was  a  6-liter  Jena  glass  bottle.  The  stopper 
was  a  three-holed  paraffined  cork.  Through  one  holt  passed  a  siphon, 
through  another  an  adapter  with  a  glass  stopcock,  and  through  the  third 
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a  calcium  chloride-soda  lime  tube,  also  having  a  glass  stopcock.  In 
this  way  the  alcohol  was  well  protected  dming  distillation  from  impurities 
in  the  air,  and  small  quantities  sufficient  for  making  up  the  solutions 
could  be  drawn  off  without  exposing  the  main  supply. 

After  weighing  out  the  quantity  of  dried  and  purified  acid  necessary 
to  make  a  solution  of  the  required  normality,  the  acid  was  washed  off 
the  watch  glass  or  out  of  the  weighing  bottle  into  a  fimnel,  and  then  into 
a  200  cc.  Jena  flask  which  had  previously  been  thoroughly  washed  with 
water,  and  then  with  some  of  the  alcohol  with  which  the  solution  was  to 
be  made  up.  The  flask  was  then  filled  to  the  neck  with  alcohol  and  shaken 
tmtil  all  the  acid  had  dissolved.  It  was  then  hung  in  a  25^  thermostat 
bath  until  temperature  equilibrium  was  reached,  and  finally  filled  to  the 
mark. 

In  the  meantime  a  conductivity  cell,  which  had  been  thoroughly  washed 
the  day  before,  and  in  which  pure  alcohol  had  been  allowed  to  stand 
over  night,  was  dried  with  filtered  dry  air.  It  was  then  rinsed  several 
times  with  portions  of  the  solution  which  had  just  been  made  up,  and 
finally  nearly  filled  with  this  solution. 

It  was  at  first  thought  advisable  to  use  an  alcoholic  solution  of  potas- 
sium hydroxide  for  titration  purpose^.  General  difficulties  were,  however, 
encountered.  An  approximately  0.1  N  solution  of  potassium  hydroxide 
in  absolute  alcohol  was  made  up  and  allowed  to  stand  for  a  couple  of 
days.  The  carbonate  settles,  leaving  a  clear,  supernatant  solution.  But 
if  the  bottle  was  opened  even  for  a  very  short  time,  the  solution  became 
cloudy,  and  when  poured  into  a  buret  became  white  with  precipitated 
carbonate. 

A  method  of  filtering  the  solution,  being  a  modification  of  one  previously 
used  in  this  laboratory,  was  then  adopted,  together  with  an  arrangement  for 
siphoning  the  solu-  ^^^      ^^ 
tion  out  of  the  bot-  ^j\      \J\ 


tie  into  the  buret. 
Fig.  Ill  shows  the 
design  of  the  filter- 
ing apparatus.  The 
tower  T  con- 
tains sticks  of  so- 
d  i  u  m  hydroxide, 
and  T'  is  partly 
filled  with  metallic 
sodium .  The 
former  acts  as  '  a 
protecting  agent  to 
the    latter,    which 


MM 


Pig.  ni. 
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serves  both  for  removing  the  last  traces  of  carbon  dioxide  and  for  drying  the 
air.  B  is  an  empty  bottle,  which  is  later  interchanged  with  a  bottle  filled 
with  an  alcoholic  solution  of  potassium  hydroxide  prepared  from  freshly  dis- 
tilled alcohol.  Tube  E  is  connected  with  suction,  so  that  dried,  purified 
air  passes  through  the  whole  system,  including  the  Gooch  ftmnel  F,  con- 
taining asbestos  previously  washed  with  an  alcoholic  solution  of  potassium 
hydroxide  and  then  pure  alcohol,  and  through  the  receiving  bottle.  A. 
When  the  system  has  been  thoroughly  cleansed  with  diy  air,  free  from 
carbon  dioxide,  the  stopcocks  G  are  closed  and  the  bottle  B  is  replaced 
by  the  one  containing  alcoholic  potash.  The  stopcocks  are  then  opened 
and  suction  again  applied  at  E.  When  all  the 
solution  has  been  filtered,  A  is  removed  and,  as 
quickly  as  possible,  the  stopper  arranged  to  con- 
nect it  by  a  siphon  with  the  buret  is  introduced 
as  shown  in  Pig.  IV.  A  little  carbonate  is  formed 
by  opening  in  this  way  to  the  air,  but  it  is  a  very 
'  small  quantity,  and  in  the  course  of  a  few  days 
is  entirely  precipitated  to  the  bottom  of  the 
bottie. 

The  dr3Hng  fiasks  are  filled  with  a  mixture  of 
calcium  chloride  and  soda  lime,  to  protect  the 
alcoholic  solution  when  the  stopcocks  S  and  S' 
are  opened.  The  stoppers  T  and  T'  are  of  cork 
[  and  are  thoroughly  paraffined.  Such  a  «ystem  as 
this  remains  protected  from  the  air  for  a  period 
of  several  months. 

The  alcoholic  solution,  in  course  of  time,  be- 
comes colored  slightly  yellow,  but  its  alkaline  con- 
centration is  apparently  not  changed,  as  can  be  seen  by  comparing  titra- 
tions made  against  a  standard  acid  in  February  and  again  in  May. 

On  February  25,  10  cc.  of  standard  acid  «  8.87  cc.  of  alkali. 
On  May  7,  10  cc.-  of  standard  add  »  8.87  cc.  of  alkali. 

The  bottle  containing  the  alkali  was  covered  with  a  dark  material,, 
since,  in  the  presence  of  light,  the  tendency  of  the  alkaline  solution  to  be- 
come colored  is  much  greater  than  in  the  dark. 

One  of  the  greatest  difficulties  encountered  in  connection  with  the 
alcoholic  potash  method  was  that  of  temperature  changes.  The  co- 
efficient of  expansion  of  alcohol  is  so  large  that  even  small  changes  in  the 
temperature  of  the  laboratory  and  consequent  changes  in  the  tempera- 
ture of  the  solution  will  change  quite  appreciably  the  normality  of  the 
alkali. 

It  was  this  difficulty  which  led  us  to  use  an  aqueous  solution  of  ammo- 
nia with  coralline  as  an  indicator,  instead  of  the  alcoholic  caustic  potash 


Fig.  IV. 
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with  phenolphthalein  as  the  indicator.  The  ammonia  was  prepared  by- 
heating  concentrated  ammonia  and  passing  the  gas  which  was  given  off, 
first  over  sticks  of  sodium  hydroxide,  whidh  collected  a  large  part  of  the 
water  vapor  and  any  carbon  dioidde,  and  then  over  sodium,  which  ab- 
sorbed the  remainder  of  the  water- vapor;  and  finally  into  a  weighed  quan- 
tity of  conductivity  water  in  a  measuring  flask,  tmtil  the  amotmt  of  the 
gas  necessary  to  make  ao.i  N  solution  was  dissolved.  This  solution  was 
titrated  against  standard  sulfuric  acid  to  obtain  its  normality. 

Coralline  was  used  as  the  indicator,  because  it  is  sensitive  to  the  or- 
ganic adds,  and  is  not  sensitive  to  carbon  dioxide,  except  when  the  latter 
is  present  in  fairly  large  quantity.  In  order  to  test  whether  coralline 
is  sensitive  to  smaU  quantities  of  carbon  dioxide,  under  the  conditions 
under  which  we  worked,  another  investigator  in  this  laboratory — Mr. 
J.  K.  L.  Holmes — ^measured  out  two  equal  quantities  of  a  standard  add, 
added  an  equal  amount  of  coralline  to  eadi,  and  then  allowed  carbon 
dioxide  to  bubble  through  one  of  these  solutions  for  some  minutes.  Titra- 
tions of  both  solutions  were  made,  and  practically  no  effect  due  to  the 
presence  of  carbon  dioxide  was  foimd.  £qual  volumes  of  the  standard 
add  were  again  measured  out  and  carbon  dioxide  passed  into  one  of  the 
solutions  for  a  considerable  time.  The  two  solutions  were  then  titrated. 
There  was,  under  these  conditions,  a  small  difference  noted.  In  both 
cases  the  amount  of  carbon  dioxide  dissolved  in  the  solutions  was  incom- 
parably greater  than  would  ordinarily  be  present  in  such  solutions  as  we 
were  titrating.  It  was  found  necessary  to  use  from  eight  to  ten  drops 
of  tl^e  solution  of  coralline  in  alcohol  for  each  titration.  Even  then  the 
end-point  is  not  quite  as  sharp  and  distinct  as  with  phenolphthalein. 

It  was  found  that,  when  adculating  the  concentration  of  the  organic 
add  in  the  alcohol  from  the  values  obtained  by  titrating  against  am- 
monia, a  slightly  different  value  for  the  concentration  was  obtained 
from  that  formed  from  titrations  against  alcoholic  caustic  potash.  We 
dedded  to  find,  if  possible,  the  cause  of  this  discrepancy,  and  to  apply 
any  necessary  corrections.  A  known  quantity  of  the  standard  sulfuric 
add  was  titrated  against  alcoholic  potassium  hydroxide,  using  phenol- 
phthalein as  the  indicator.  Several  titrations  were  made  in  every  case, 
and  then  an  equal  quantity  of  the  add  was  titrated  against  the  base, 
using  coralline  as  the  indicator.  The  results  in  the  latter  case  did  not 
agree  with  those  in  the  former  by  about  0.2  cc..  10  cc.  of  add 
being  used  in  each  case.  That  the  difference  was  not  due  to  carbon 
dioxide,  which  might  have  been  dissolved  in  the  sulfuric  add,  can  be 
seen  from  the  fact  that  the  same  difference  appeared  in  the  titrations 
with  an  organic  add  dissolved  in  absolute  alcohol  in  which  carbon  dioxide 
is  only  slightly  soluble. 

It  was  found  that  if  the  same  quantity  of  phenolphthalein  or  coralline 
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used  when  making,  the  ordinary  titrations  were  added  either  to  pure  alco- 
hol or  to  water,  and  if  these  solutions  of  the  indicators  alone  were  titrated 
against  the  alkaU,  and  then  back  against  the  standard  add,  an  appreciable 
quantity  of  the  alkali  was  required  to  change  the  color  in  the  one  direction, 
and  about  as  much  of  the  standard  acid  to  change  it  in  the  reverse  direction, 
the  alkali  and  acid  being  of  very  nearly  the  same  strength.  Corrections 
for  the  amounts  of  alkali  and  acid  necessary  to  produce  such  color  changes 
were  then  applied  to  the  titration  volumes  of  the  sulfuric  add  and  alco- 
holic potash,  when  agreement  to  within  the  limits  of  experimental  error 
between  the  results  for  the  two  indicators  was  obtained.  In  all  of  the 
titrations  in  which  alcoholic  potassium  hydroxide  was  used,  the  tempera- 
ture of  the  solution  was  recorded;  and  when  different  from  25®,  which 
was  chosen  as  the  standard  temperature,  a  volume  correction  was  applied. 
It  was  found  necessary  to  keep  all  of  the  other  solutions,  particularly 
those  of  the  organic  adds  in  alcohol,  as  well  as  the  alcoholic  potash,  at 
the  standard  temperature,  and  this  was  not  difficult  to  do. 

The  titration  values  of  the  ammonia  and  standard  acid  were  also  cor- 
rected, as  just  stated,  for  the  amounts  necessary  to  produce  color  change, 
and  the  concentration  of  the  ammonia  was  then  calculated.  The  nor- 
mality of  1-2-4  dinitrobenzoic  acid  in  alcohol  was  determined  from  this 
standardized  ammonia,  making  the  same  corrections  as  above;  and  it 
agreed  to  within  0.2%  with  that  obtained  by  means  of  potassium  hy- 
droxide. Similar  corrections  were  therefore  applied  to  the  titrations  of 
all  the  organic  adds.  The  sulftiric  add  used  to  standardize  the  alkali 
was  made  up  in  large  quantity,  and  its  normality  determined  by  the  usual 
barium  sulfate  method. 

Owing  to  the  large  amotmt  of  preliminary  work  required,  it  has  been 
possible,  up  to  the  present,  to  make  conductivity  measurements  of  only 
nine  organic  adds.  The  same  methods  of  purifying  the  acids  were  em- 
ployed as  when  the  conductivities  of  these  adds  were  determined  in 
aqueous  solution.  In  most  cases  the  various  dilutions  were  made  up 
by  directly  wdghing  the  add. 

In  the  work  in  alcohol  it  was  necessary  to  discard  all  of  the  weaker 
organic  acids,  notwithstanding  the  fact  that  our  cell  constants  were  about 
eight  times  smaller  than  those  of  Wilderman.  After  trying  acetic  add 
several  times  we  gave  up  hope  of  obtaining  satisfactory  results  with 
such  weak  adds.  Even  the  strongest  adds  with  which  we  worked  do  not 
give  a  molecular  conductivity  greater  than  unity. 

Titrations  of  the  adds  against  the  standard  alkali  were  made  simul- 
taneously with  the  conductivity  measurements  at  every  temperature. 
At  first  the  alcoholic  solution  of  the  acid  was  not  kept  at  constant  tem- 
perature, but  it  was  ^bon  found  that,  in  order  to  obtain  comparative  re- 
sults, and  to  avoid  the  considerable  fluctuations  of  laboratory  tempera- 
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ture,  it  was  necessary  to  have  all  the  solutions  continuously  at  one  tem- 
perature, preferably  at  25®. 

Results. 

In  the  following  tables  of  conductivity,  V^  is  the  volume  for  which  the 
solutions  were  made  up;  Vc  is  the  corrected  volume.  The  ccMTections 
apphed  were^both  for  expansion  or  contraction  of  the  alcohol,  and  for 
change  in  the  concentration  of  the  acid  due  to  formation  of  ester.  Molec- 
ular conductivity,  Af,,  was  calculated  in  the  usual  manner,  as  were  also 
temperature  coefficients  and  percentage  temperature  coefficients. 

Table  I. — ^Malonic  Acid. 

Temperature  Coefficients 
Molecular  Conductivity.  of  Conductivity. 

15-25^  25-35  •. 

"a 

Vm.       Vc.       '^IS*.  Vc.  '^25».  Vc.       ih3S\ 

8        8.12  0.0190       8.13  0.0237       8.18  0.0319 

32      32.9     0.0434     33.2  0.0555     33.7     0.0737 

128    129.3     0.0775   129.5  0.0985   129.6     0.1351 

512    512.8     0.2533  5149  0.3160  518. I     0.4338 

Specific  conductivity  of  alcohol  at  15**,  0.000254  to  0.000246;  at  25®,  0.000257  to 
0.000249. 

Table  II. — o-Chlorobenzoic  Acid. 

Temperature  Coefficients 
Molecular  Conductivity.  of  Conductivity. 

15"25«.  25-35*. 


Cond. 
units. 

Per 

cent. 

Cond. 
units. 

Per 
cent. 

0.0046 

24  5 

0.0079 

33.9 

0.0113 

26.7 

0.0192 

35.9 

0 . 0207 

26.1 

0.0359 

36.9 

0.0613 

24.2 

O.I  145 

36.4 

^  Cond.       Per        Cond.        Per 

Vm.         Vc.       thl5'*.  Vc.       Mr  25*.  Vc.       'S  35*.  units.       cent.        units.        cent. 

8  8.14  0.01303       8.16  O.OI5P       8.28  0.0197  0.00281   21. 1  0.00344  22.1 

32  33.1     0.01530     33.6     0.0198     34.9     0.0271  0.00451   28.1  0.00605  31.9 

128  129.5     0.0279     129.7     0.0371    129.8     0.0555  0.00903  32.8  0.0180     49.2 

512  313.8     0.1330     516.5     0.1714  519.9     0.2497  0.0375     20.80.0759     44.6 

Specific  conductivity  of  alcohol  at  15**,  0.000531  to  0.000540;  at  25**,  0.000578  to 
0.000622;  at  35®,  0.000637  to  0.00071 1. 

Table  III. — /)-Chlorobenzoic  Acid. 

Temperature  Coefficients 
Molecular  Conductivity.  of  Conductivity. 

15-25*  23-35*. 


Cond.  Per       Cond.        Per 

Vm,       Vc.        fhlS**.  Vc.        '^25*.         Vc.       ^^35*.  units.  cent,      units.       cent 

8      10. O     0.0017      10.08  0.0025      10. II   0.0035  0.00067  48.2  0.00086  41.7 

32      33.69  0.0082     34.18  0.0117     34,9     0.0160         0.00315  40.2  0.00382  34.7 

128    129.7     0.0157   130.3     0.0189  130.9     0.0270         0.00314  19.9  0.0079     42.4 

512    514  8     0.1263  520.0     0.1547  522.7     0.1853  0.0368  29.3  0.0293      19.2 

Specific  conductivity  of  alcohol  at  15**,  0.000585  to  0.000586;  at  25*,  0.000650  to 
0.000656;  at  35  ^  0.000752  to  0.000827. 
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Table  IV. — />-Bromobbnzoic  Acid. 

Temperature  Coefficients 
Molectilar  Conductivity.  of  Conductivity. 

15-25  *».  25-35  ^ 


Cond.       Per       Cond.       Per 
Vm.         Vc.         H\S'*.  Vc.        '»r25*.  Vc.        th35'*.  units,      cent,      tmitt.      cent, 

8  8.147  0.00264       8.24  0.00353        8.27  0.0047  0.0008  30.7  0.0012  34.9 

32  32.57     0.01252     33.3     0.0147       34-33  0.0200  0.0019   15.4  0.0046  32.3 

.128  129. I       0.0349     129.2     0.0418     129.5     0.0559  0.0068   19.6  0.0138  33.3 

512  512.8       0.1651     517.5     0.1976     518.9     0.2637  0.0307   18.6  0.0607  29.9 

Specific  conductivity  of  alcohol  at  15®,  0.000217  to  0.000214;  at  35®,  0.000264  to 
0.000233. 

Table  V. — o-Nitrobenzoic  Acid. 

Temperature  Coefficients 
Molectdar  Conductivity.  of  Condtictivity. 

15-25  ^  25-^». 

Cond.  Per       Cond.      Per 

Vm.        Vc.      'S  15^  Ve.      'S  25^  Vc.     MpSSr  units.         cent.      units,      oeat. 

8  8.21  0.00785        8.27  0.00937       8.27  0.0120  0.00142    18.56  0.0025  27.45 

32  33.19  0.0204       34.3     0.0253       34.95  0.0337  0.0040     20.31  0.0084  35.44 

128  129.3     0.0460     129.5     0.0477      129.6     0.0734  0.0642     35.94  0.0413  17.00 

512  512.5     0.1788     5170     0.2452     518.5     0.2877 

Specific  conductivity  of  alcohol  at  15°,  0.000232  to  0.000227;  at  25  ^  0.000242  to 
0.000238;  at  35°,  0.000237  to  0.000232. 

Table  VI. — P-Nitrobenzoic  Acid. 

Temperature  Coefficients 
Molecular  Conductivity.     0  of  Conductivity. 

15-25'.  25-35  •. 

Cond.       Per      Cond.      Per 
Kn*.        Vc       '^15«.  Vc       '^25^  Vc.       ^^^^  units.       cent,     units,      cent. 

32      32.96  0.0102     33.61   O.OI51      34.56  0.0214  0.0045  45.5  0.0055  38.2 

128    129.2     0.0516   129.3     0.0570  129.5     0.0785  0.0053    12.9  0.0212  37.5 

512    512.8     O.1417  517.6     O.1814  520.5     0.2399  0.0401   28.6  0.0565  31.4 

Specific  conductivity  of  alcohol  at  15",  0.000237  to  0.000231;  at  25",  0.000237  to 
0.000227;  at  35®,  0.000232  to  0.000216. 

Table  VII. — i,2,4-Dinitrobenzoic  Acid. 

Temperature  Coefficients 
Molecular  Conductivity.  of  Conductivity. 

15-25*.  25-35  •. 


Cond.       Per      Cond.      Per 
Vm.        Vc.       Mpl5*».         Vc.        '*f25^         Vc.         %35«».  units,      cent,     units,      cent. 

8        8.13  0.0379       8.24  0.0481        8.24  0.05879  0.0094  25.2  0.0104  22.3 

32      33.62  0.0964     33.62  0.0848     33.62  0.10512  0.0171   26.9  0.0194  23.9 

128    133.5     0.2556  133.5     0.1670  133.5     0.20043  0.0323  25.3  0.0359  22.4 

Specific  conductivity  of  alcohol  at  15  ^  0.000882  to  0.000936;  at  25*,  0.000991  to 
0.000935;  at  35  ^  0.001133  to  0.00123. 


Digitized  by  VjOOQIC 


CONDUCTIVITY  OF  CERTAIN  ORGANIC  ACIDS. 


^^55 


Table  VIII. — i,2,4-Dihydroxybenzoic  Acid. 

Temperature  CoeflBcients 
Molecular  Conductivity.  <  of  Conductivity. 

15-25^  25-35  *». 


Vm.  Vc.  i^lS",  Vc.  '*»25«». 
8        9-99  0.0080     10.06  0.0098 

32  33.0  0.0155  33  01  0.0197 
128  129. I  0.0171  129.3  0.027^ 
512    514.9     0.1008  517.5     0.1464  520.2     0.2018 


Vc,        thf  35*». 

Cond.       Per       Cond.       Per 
units.      cent,      units,      cent. 

10.10  0.0126 

0.0014  20.9  0.0023   28.3 

33  01  0.0254 

0.004     26.5  0.0054  28.3 

29.6     0.0391 

o.ioo    59.1  0.0117  43.4 

Specific  conductivity  of  alcohol  at  15" 
0.000682 ;  at  35  ^  0.000735  to  0.000791 . 


0.000551  to  0.000613;  at  25",  0.000631  to 


Table  IX. — Tetrachlorophthalic  Acid. 


Molecular  Conductivity. 


Temperature  Coefficients 
of  Conductivity. 

15-25*.  25-35*. 


Vm. 

Vc 

M»15«. 

Vc. 

^25*. 

Vc. 

^35*. 

Cond. 
units. 

Per 
cent. 

Cond. 
units. 

Ptr 

cent. 

16 

64 

256 

5x2 

1024 

16.08 
64.06 
258.9 

0.0543 
O.IOII 

0.1294 

16. 21 

64.06 
259.3 

0.0639 
0.1198 
O.1541 

16.21 
64.06 
260.0 

0.0770 
O.1461 
O.1813 

0.0045 
0.0093 
0.012 I 

16.9 

18.5 
18. 1 

0.0064 
O.OI31 
0.0171 

18.9 
21 .9 
32.5 

1027.0 

0.3208 

1036.0 

0.3860 

1043.0 

0.4960 

0.0309 

19  3 

0.0527 

27.6 

Specific  conductivity  of  alcohol  at  15**,  0.000543  to  0.000554;  at  25  *" 
0.000637;  at  35°,  0.0007 1 1  to  0.000742. 


0.000616  to 


The  rate  at  which  the  organic  acids  combine  with  alcohol  can  be  seen 
from  the  following  data.  The  times  at  which  the  titrations  were  made 
are  given,  and  the  percentage  decrease  in  normality  shows  the  rate  of 
ester  formation. 

Table  X. — ^Malonxc  Acid. 
Changes  in  Concentration 


Time. 

Observed 
normality. 

CalctiUted 
normality. 

Per  cent. 
decrease  in 
normaUty. 

12.40  P.M. 

0.1232 

0.1250 

1-44 

2.30  P.M. 

0.1229 

0.1250 

1.68 

4.00  P.M. 

0.1222 

0.1250 

2.24 

12.50  P.M. 

0.03039 

0.03125 

2.75 

2.30  P.M. 

0.03008 

0.03125 

3.75 

4.10  P.M. 

0.02966 

0.03125 

5.09 

12.00  M. 

0.00773 

0.007812 

1.05 

2.30  P.M. 

0.00772 

0.007812 

1. 18 

4.00  P.M. 

0.00771 

0.007812 

1. 31 

12.10  P.M. 

0.001950 

0.001953 

0.16 

2.40  P.M. 

0.001942 

0.001953 

0.51 

4. 10  P.M. 

0.001930 

0.001953 

1. 18 
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TablB  XI. 
0-CH]:x>ROBBNz6ic  Acifi.  ^-ChlorobsnzoIC  Aci0. 

ChatigeS  in  Concentration. 


Time. 

Observed 
normality. 

Calcu-      Per  ceot. 

Uted  nor-  decrease  in 

nudity,     normality. 

Tiive. 

Observed 
normality. 

Calcu-       Per  cent. 

latednor-  decrease  in 

mallty.     normality. 

lO.OO  A.M. 

0.1228 

0.1250 

1.76 

12.30  P.M. 

0.0996 

0.1250 

20.32 

ia.i5  P.M. 

0.1225 

0.1250 

2.00 

2.00  P.M. 

0.09919 

0.1250 

20.65 

4.15  P.M. 

O.I2IO 

0.1250 

3.20 

4.15  P.M. 

0.0989 

0.1250 

20.90 

4.40  P.M. 

0.1208 

0.1250 

3.36 

12.40  P.M. 

0.0297 

0.03125 

5.09 

11.00  A.M. 

0.03018 

0.03125 

3.43 

2.00  P.M. 

0.0292 

0.03125 

6.40 

11.50  A.M. 

0.02976 

0.03125 

4.77 

4.30  P.M. 

0.0286 

0.03125 

8.42 

II3.3OP.M. 

0.02914 

0.03125 

6.76 

12.30  P.M. 

0.00771 

0.007812 

1. 31 

4.30  P.M. 

0.02862 

0.03125 

8.42 

2  .  20  P.M. 

0.007691 

0.007812 

1.55 

11.40  A.M. 

0.00772 

0.007812 

1. 18 

2 

3.30  P.M. 

0.00767 

0.007812 

1.77 

12.30  P.M. 

0.00771 

0.007812 

1.31 

days  " 

4.10  P.M. 

0.00766 

0.007812 

1.99 

2.30  P.M. 

0.00770 

0.007812 

1.44 

later 

5.00  P.M. 

0.00763 

0.007812 

2.25 

4.00  P.M. 

0.00769 

0.007812 

1.57 

12.35  P.M. 

0.001942 

0.001953 

0.57 

11.35  A.M. 

0.001946 

0.001953 

0.36 

3.15  PM. 

0.001923 

0.001953 

1.54 

12.30  P.M. 

0.001936 

0.001953 

0.88 

2 

12.30  P.M. 

O.OOI916 

0.001953 

1.97 

2.50  P.M. 

0.001932 

0.001953 

1.08 

dajrs ' 

3.30  P.M. 

O.OOI913 

0.001953 

2.05 

4.45  PM. 

0.001923 

0.001953 

1.54 

later 

.     415  P.M. 

0.001903 

0.001953 

2.57 

Tabl9  xn. 

^Bromobbnzoxc  Acm.  o-Nitrobbnzoic  Acm. 

Changes  in  Coooentration. 


Time. 

II  .30  A.M. 

2.45  P.M. 

4 .  40  P.M. 
II  .40  A.M. 

2  .  50  P.M. 

4.50  P.M. 
II  .00  A.M. 
12.15  P'M. 

4,00  P.M. 


Calcu-       Per  cent. 
Observed  lated  nor-  decrease  In 
normality,    mality.     normality. 


0.12275 
O.12129 
0.12088 
0.03070 
0.03007 
0.02914 

0.00774 
0.00773 
0.00771 


0.1250 

0.1250 

0.1250 

0.03125 

0.03125 

0.03125 

0.00781 

0.00781 

0.00781 


II.IOA.M.  0.001950  0.001953 
12.25  P.M.  0.001932  0.001953 
4. 10  P.M.  0.001927  0.001953 


1.80 
2.97 
3  30 
1.76 
3.76 
6.76 
0.89 
I  .00 
1.22 
0.16 
1.08 
1.34 


Time. 

Observed 
normality. 

Calcu-        Per  cent. 

lated  norw  decrease  In 

mality.      normality. 

12.15  P.M. 

O.12176 

0.1250 

3.60 

12.30  P.M. 

0.12088 

0.1250 

3  30 

4.30  P.M. 

0.12088 

0.1250 

3.30 

12.30  P.M. 

0.03013 

0.03125 

3.59 

2.30  P.M. 

0.02914 

0.03125 

6.77 

4.30  P.M. 

0.0286 

0.03125 

8.45 

12.00  M. 

0.00773 

0.00781 

1.03 

2.30  P.M. 

0.00772 

0.00781 

1. 17 

4.00  P.M. 

0.00771 

0.00781 

1.29 

12.10  P.M. 

O.001951 

0.001953 

O.II 

2.40  P.M. 

0.001934 

0.001953 

0.98 

4.10  P.M. 

0.001928 

0.001953 

1.28 
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^-NlTROBBNZOIC  ACID.  1,2,4-DlNITROBBNZOIC  ACID. 

Changes  in  Concentration. 


2255 


Time. 

Obserred 
normality 

Caku-      Per  cent. 

Uted  nor-  decrease  in 

nudity,     normality. 

Time. 

Obserred 
normality. 

Calcu- 
Utednor- 
maUty. 

Per  cent, 
decrease  in 
normality. 

12.00  M. 

0.03034 

0.03125      2.93 

12.30  P.M. 

0.1230 

0.1250 

1.60 

2.30  P.M. 

0.02976 

0.03125     4.77 

2 .  30  P.M. 

O.1213 

0.1250 

2.96 

4.45  P.M. 

0.02893 

0.03125     7  43 

4.30  P.M. 

0.1213 

0.1250 

2.96 

I2.00H 

0.007738 

0.007812  0.95 

12.20  P.M. 

0.02974 

0.03125 

4.83 

2.30  P.M. 

0.007734 

0.007812   1.00 

4.00  P.M. 

0.02974 

0.03125 

4.83 

4.45  P.M. 

0.007721 

0.007812    J. 17 

5.00  P.M. 

p. 02974 

0.03125 

4.83 

12.00  M. 

0.001950 

0.001953  0.16 

12.35  P.M. 

0.00749 

0.007812 

4.13 

2.30  P.M. 

0.001932 

0.001953   1.08 

2.30  P.M. 

0.00749 

0.007813 

5     4.13 

4.30  P,M.  0.001921  0.001953  1.64     I  day? 

later  \ 
This  titration  was  made  with  the  solution  after  it  had  stood  in  the  cell  over  night. 


10.00  A.M.   0.00764    0.007812     2.21 


TablB  XIV. 
1,2,4-DiHYDROxYBBNzoic  Acid.  Tbtrachlorophthalic  Acid. 

Changes  in  Concentration. 


Time. 

Observed 
normality. 

Calcu-       Per  cent. 

latednor-  decrease  in 

mality.     normality. 

Time. 

Observed 
normality. 

Calcu-        Per  cent. 

latednor-  decrease  in 

maUty.      normality. 

11  .  15  A.M. 

0.10008 

0.1250 

19.94 

11.50  A.M. 

0.06218 

0.0625 

0.52 

12.30  P.M. 

0.09940 

0.1250 

20.50 

12.50  P.M. 

0.06168 

0.0625 

1.32 

2.30  P.M. 

0.09899 

0.1250 

20.82 

3.20  P.M. 

0.06168 

0.0625 

1.32 

4.30  P.M. 

0.09873 

0.1250 

21 .02 

4.30  P.M. 

0.06168 

0.0625 

1.32 

12.25  P.M. 

0.03034 

0.03125 

3  09 

12.00  M. 

0.04561 

0.01566 

0.32 

12.45  P.M. 

0.03029 

0.03125 

3  09 

1. 00  P.M. 

0.04561 

0.01566 

0.32 

2  .  30  P.M. 

0.03029 

0.03125 

3  09 

3.30  P.M. 

0.04561 

0.01566 

0.32 

4.30  PJf. 

0.03013 

0.03125 

3.59 

4.30  P.M. 

0.04561 

0.01566 

0.32 

0.2.  QOM. 

0.00774 

0.007812 

0.89 

12.15  P.M. 

0.00386 

0.00391 

1.08 

.2-30  P.M. 

0.00773 

0.007812 

1.03 

2.00  P.M. 

0.00385 

0.00391 

1.28 

4.15  y-M. 

0.00771 

0.007812 

1.27 

4.00  P.M. 

0.00384 

0.00391 

1.54 

12.10  P.M. 

0.00194 

0.001953 

0.51 

12.25  P.M. 

0.000973 

0.000976 

0.31 

3.40  P.M. 

0.00193 

0.001953 

1.08 

2 .  10  P.M. 

0.000965 

0.000976 

1. 13 

4.3OF-M. 

0.00192 

0.001953 

1.59 

4.  10  P.M. 

0.000958 

0.000976 

1.85 

Discussion  of  the  Results. 

It  will  be  noted  in  the  above  tables  that  1,2,4-dinitrobenzoic  acid  shows 
an  irregularity  in  its  titration  values.  The  conductivity  of  this  acid  was 
^Letermined  before  we  began  to  keep  the  solutions  used  in  titration  at  a 
constant  temperature.  In  the  case  of  all  the  other  acids  the  results  show 
that  with  increase  in  time  a  greater  amount  of  esterification  has  taken 
place;  that  is,  the  normality  of  the  add  has  become  less.  The  amount  of 
ester  formed  in  a  given  time  depends  upon  the  nature  of  the  acid. 

Since  each  dilution  was  made  up  independently  of  the  others,  that  is, 
by  direct  weight,  it  is  interesting  to  note  that  the  prc^K>rtion  of  ester 
formed  in  the  less  dilute  solutions,  is  much  greater  than  in  the  more  dilute 
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solutions.  Indeed,  in  some  cases  there  is  practically  no  ester  fonned  in 
the  N/12%  and  N/^12  solutions.  As  has  already  been  stated  none  of  the 
conductivities  is  greater  than  unity,  and  consequently,  the  molecular 
conductivity  of  the  alcohol  for  each  dilution  is  relatively  quite  large, 
the  correction  for  this  factor  being  in  some  cases  as  much  as  70%  of  the 
total  conductivity.  It  can  be  seen  from  the  tables  that  the  conductivity 
of  the  alcohol  alone  varies  considerably,  usually  increasing  appreciably 

with  time.  Some  of  the  conductivities 
of  the  alcohol  increase  with  rise  in 
temperature,  some  actually  decrease, 
while  others  remain  very  nearly  con- 
stant. We  can  offer  no  explanaticm 
for  this  lack  of  uniform  variation,  ex- 
cept to  call  attention  to  the  several 
factors  which  might  affect  the  conduc- 
tivity of  the  pure  solvent.  One  might 
be  the  absorption  by  the  alcohol  of 
traces  of  various  gases  or  water- vapor 
from  the  atmosphere.  This,  however^ 
ought  to  be  a  negligible  factor,  since 
our  cells  were  very  nearly  filled,  and 
were  tightly  closed  with  ground-glass- 
stoppers.  The  decomposition  effects, 
brought  about  by  the  platinum  elec- 
trodes may  be  an  important  factor. 
Compare  here  the  work  of  Wiklerman 
and  others  on  this  question.  It  is  evi- 
dent that  the  electrodes  do  have  some 
effect,  since  fresh  alcohol  just  taken 
from  the  bottle  does  have  a  fairly  uni- 
form conductivity.  Part  of  the  effect, 
with  alcohol  which  stood  in  the  cell 
over  night,  might  be  due  to  the  solu- 
bility of  the  glass  cell.  This,  however, 
is  not  at  all  probable,  since  our  cells, 
have  been  in  constant  use  in  this  laboratory  for  several  years,  and  hard 
glass  is  only  very  slightly  soluble  in  alcohol. 

The  conductivities  of  some  of  the  solutions,  and  curiously  enough  of 
the  more  dilute  solutions,  vary  to  a  much  smaller  extent  with  time,  than 
does  the  conductivity  of  the  pure  alcohol. 

It  will  be  recalled  that  Wakeman  plotted  curves  of  conductivity  of  the 
organic  acids  against  percentage  alcohol  (see  Fig.  I)  and  on  extending^ 
the  ciu^es  in  the  direction  of  100%  alcohol  they  apparently  approached 
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zero  conductivity  as  a  limit.  As  can  be  seen  from  our  results,  the  con- 
ductivities do  not  actually  approach  zero,  but  a  number  less  and  usually 
very  much  less  than  imity. 

One  of  the. most  interesting  facts  which  came  out  in  this  work  is  the 
-extraordinarily  large  percentage  temperatiu'e  coeflScients  of  conductivity 
of  the  organic  adds  in  alcohol.    These  range  from  fifteen  to  fifty  per  cent. 

There  is  often  a  rapid  increase  in  the  conductivity  of  the  organic  acids 

with  increase  in  dilution,  yet  certain  of  the  adds  behave  in  just  the  opposite 

manner;  e.  g.,  (7-chloro-  ^ ,       , 

/?-  Cnlorobenjoic  ftcia 


an 
ai6 
m 

fa/z 

^007 


benzoic  add  and  /7-nitro- 
benzoic  add. 

Our  results  seem  to 
suggest  the  following  pos- 
^bilities,  if  we  take  into 
4iccount  the  work  done 
here  on  the  organic  adds 
in  aqueous  solutions:^ 
that  there  is  much  greater 
4dcoholation  than  hydra- 
tion, and  this  is  decreased 
with  rise  in  temperature. 
T*he  work  already  done  in 
iJiis  laboratory  renders 
"this  highly  improbable. 
The  alcoholates  may  be 
more  unstable  with  rise 
in  temperature  than  the 
iydrates;  but  water 
seems  to  have,  in  general, 
far  more  power  to  com- 
bine with  dissolved  sub- 
stances than  alcohol. 

If  dissodation  in  alco- 
holic solutions  increased  with  rise  in  temperature,  it  might  account  for 
the  large  temperature  coeflScients  of  conductivity  in  such  solutions,  but 
this  again  seems  highly  improbable. 

The  greater  expansion  of  the  alcohol  with  rise  in  temperature  would 
allow  afreer  movement  of  the  ions,  and  this  is  doubtless  of  some  significance. 
A  method  for  determining  the  dissociation  of  the  organic  adds  in  alcohol, 
somewhat  similar  to  that  used  with  aqueous  solutions,  will,  it  is  hoped, 
be  worked  out  in  the  investigation  of  this  subject  which  is  to  follow  this 
preliminary  one.  It  will  involve  the  study,  in  alcohol,  of  the  conductivity 
*  Carnegie  Institution  of  Washington,  Publication  No.  170. 
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of  some  salts  of  the  acids,  as  well  as  of  hydrochloric  add  and  the  ehloiidea 
corresponding  to  these  salts. 


s 

^ 

5     r-   ^ 

-S^ 

^.    r 

^ 

t  1 

^ 

-^   4      ^ 

:      s 

C4     - 

V 

t 

2 

t  ^ 

« 

!x 

J    L^u 

•^ 

1 

. 

^ 

I 


? 


I 


R 

■!^ 

\, 

\ 

\. 

\ 

\ 

\ 

A 

»0 

1 

\ 

s 

' 

Csj 

'^ 

\ 

o 

\ 

1 

5> 

V 

s 

1 

• 

^ 

tQ 

1 

*^ 



^ 

II 


3 


§ 
^ 


I 


The  increase  in  conductivity  with  increase  in  volume  is  shown  graphically- 
in  Figs.  V  and  VI.  The  increase  in  conductivity  with  rise  in  temperature 
can  be  seen  from  Figs.  VII  and  VIII.  In  the  latter  case  the  ciu^es  have  very 
much  the  appearance  of  those  in  aqueous  solutions.    This  suggests  the 
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thought  that  perhaps  the  increase  in  molecular  conductivity  in  alcohol 
with  rise  in  temperature,  is  a  parabolic  function,  as  in  aqueous  solutions; 
and  that  the  Euler  equation 

/IP  =  fto  +  at  +  id^ 
applies  to  both. 

This  will  be  tested  'in  the  later  work  by  determining  the  conductivities 
of  some  of  the  acids  at  temperatures  other  than  the  three  already  named, 
and  comparing  the  results  obtained,  with  those  calculated  from  this  equa- 
tion. The  most  striking  feature  of  the  conductivities  of  the  organic  acids 
in  alcohol,  as  compared  with  the  conductivities  of  the  same  acids  in  water, 
is  their  very  small  value.  When  we  consider  the  relative  powers  of  alcohol 
and  water  to  dissociate  salts,  the  above  fact  does  not  at  present  seem  to 
admit  of  any  very  satisfactory  explanation.  Alcohol  has  from  one-fourth 
to  one-fifth  the  dissociating  power  of  water,  as  shown  by  their  dissociation 
of  salts.  With  the  organic  acids  the  conductivities  in  alcohol  are  often 
several  hundred  times  smaller  than  in  water.  It  is  hoped  that  the  further 
work  which  is  now  in  progress  in  this  laboratory  on  this  problem  may 
throw  some  hght  on  this  relation. 

Johns  Hopkdtb  Unitbuiity, 
Baltzmorb,  Md. 


[Contribution  from  thb  Chbmical  Laboratory  op  ths  TJNivBRsrrY  op  Cau- 

PORNIA.] 

THE  FREE  ENERGY  OF  IODINE  COMPOUNDS. 

Bt  GiLBBBT  N.  LBwn  and  Mbblb  Randall. 
Received  September  11,  1914. 

Elementary  Iodine. 

The  elementary  forms  of  iodine  which  we  shall  consider  are  solid  and 
liquid  iodine,  I2  in  aqueous  solution,  and  the  two  gaseous  modifications, 
li  and  I.    Solid  iodine  is  taken  as  the  standard  state. 

I(s)  =  /(/). — ^The  free  energy  of  liquid  iodine  is  obtained  directly 
from  the  melting  point  of  solid  iodine,  which  was  found  by  Ramsay  and 
Young^  to  be  114**,  a  value  which  is  in  good  agreement  with  those  given 
by  Regnault  and  by  Stas.  From  the  vapor  pressure  measurements  of 
Ramsay  and  Yotmg  the  heat  of  vaporization  of  hquid  iodine  has  been 
calculated  by  Baxter,  Hickey  and  Holmes*  and  shown  to  be  5250  cal. 
per  g.  atom.  From  their  own  measurements,  which  we  shall  presently 
discuss  more  fully,  the  heat  of  sublimation  of  l(s)  at  the  same  tempera- 
ture,  II4^  is  7270  cal.  Subtracting,  we  find  in  round  numbers  for  our 
reaction'  AH  =  2000  cal. 

1  Ramsay  and  Young,  /.  Chem.  Soc.,  49,  453  (1886). 
>  Baxter,  Hickey  and  Holmes,  This  Journal.  29,  127  (1907). 
'  Favre  and  Silbermann  obtained  the  value  1500  cal.,  but  only  made  one  deter* 
mination. 
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We  have  no  safe  means  of  estimating  the  heat  capacity  of  liquid  iodine. 
We  win  therefore  write  AT  =  o.    This  assumption  may   be   quite  er- 
roneous and  therefore  we  must  not  attempt  to  use  over  too  wide  a  range 
of  temperature,  the  free  energy  equation^  which  we  thus  obtain,  namely, 
1(5)  =  1(0;    AF»  =  2000-5.17T,  (i) 

'where  the  value  I  =  — 5.17  is  found  directly  by  writing  AF®  =  o  at  114°  C. 
Hence,  AF°298  =  460. 

2l(s)  =  /2(g). — ^The  heat  capacity,  per  gram  atom,  of  1(5)  was  foimd 
by  Nemst,  Koref ,  and  Lindemann*  to  be  6 . 6  at  room  temperature.  The 
value  will  doubtless  be  higher  at  higher  temperatures,  but  we  have  no 
data  upon  which  to  determine  the  temperature  coeflBcient  above  room 
temperatiu'e.  We  shall  therefore  treat  Cp  as  constant.  The  value  of 
Cp  for  the  gas  1%  we  have  given  in  another  place*  as 
C^(l2)  =  6.5  +  0.0040T. 
We  thus  find*  for  the  reaction  in  question 

Ar  =  — 6.7  +  0.0040T.  (2) 

The  heat  of  sublimation  was  calculated  by  Baxter,  Hickey  and  Holmes* 
to  be  about  15100  cal.  at  30^  whence  AH©  =  16900  and 

AF**  =  16900  +  6.7T  hi  T  — o.oo2oT«  — 78.73T  (3) 

where  the  value  of  I  =  — 78.73  is  calculated  from  the  v£^)or  pressure  meas- 
urements of  Baxter,  Hickey  and  Holmes,  who  find  the  vapor  pressure 

^  For  a  discussion  of  the  general  form  of  the  free  energy  equation  see  Lewis,  Tms 
Journal,  35,  i  (1913). 

*  Nemst,  Koref  and  Lindemann,  Siiz.  Kgl.  preuss.  Akad.  Wiss.,  12,  13,  261-282 
(1910). 

*  Lewis  and  Randall,  This  JoxntNAi;,  34,  1128  (1912). 

*  It  may  at  first  sight  seem  absurd  to  introduce  into  Equation  2  a  term  involving 
the  change  in  specific  heat  of  Ij  with  the  temperature  when  we  have  neglected  a  similar 
term,  possibly  greater  than  this,  in  the  heat  capacity  of  solid  iodine.  This  is,  however, 
by  no  means  the  case.  In  the  handling  of  free  energy  equations  it  proves  to  be  as  im- 
portant to  use  consistent  values  as  to  use  true  ones,  and  any  attempt  to  round  off  in 
the  course  of  a  calculation  data  which  have  previously  been  decided  upon  leads  to  the 
utmost  confusion.  The  reason  for  this  will  become  obvious  if  we  consider  a  simple 
example.  Suppose  that  we  know  accurately  the  heat  capacities  of  the  gases  I2  and  I, 
while  the  heat  capacity  of  1(5)  is  not  accurately  known.  Since,  however,  1(5)  is  taken 
as  the  standard  form,  the  free  energy  equations  to  be  considered  are  those  corresponding 
to  the  two  reactions,  2l(j)  «  h(g)  and  1(5)  «  1(g).  No  matter  how  inaccurate  the 
thermal  data  may  be 'which  are  used  for  1(5),  if  we  use  these  values  consistently  and 
have  kept  in  our  equations  the  accurate  equations  for  I2  and  I,  then  by  subtracting  the 
two  free  energy  equations  we  will  have  an  exact  equation  for  the  reaction  h  —  2I. 
It  is  therefore  of  the  highest  importance  that  when  values  of  Ar  or  AH  or  the  constant 
I  are  once  adopted  for  one  reaction  that  the  data  on  which  these  values  are  based  be 
used  in  exactly  the  same  form  in  all  other  equations.  In  our  first  free  energy  calcula- 
tions an  immense  amotmt  of  time  was  lost  through  neglect  of  this  principle. 

'  Baxter,  Hickey  and  Holmes,  he.  cit. 
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to  be  0.305  mm.  at  25®  and  2. 154  mm.  at  50^  Whence,  assuming  that 
the  vapor  obeys  the  gas  law,  AF^agg  =  4630  and  AF°8m  -  3770  cal. 
These  lead  respectively  to  the  values  — 78.76  and  — ^78.71  for  I.  We 
will  take  I  =  — 78.73  and  AF%«s  =  4640.  (4) 

h(£)  =  2l(g). — ^The  heat  capacity  of  the  monatomic  gas  I  is  imdoubt- 
edly  that  of  other  monatomic  gases;  Cp  =  5.0,  that  of  h  is  given  in 
Equation  2.    Hence 

^r  =  3.5  —  0.0040T 
AH  =  AHo  +  3.5T  — 0.0020T2 
The  heat  of  the  reaction  can  be  obtained  only  from  the  equilibrium 
measurements  of  Starck  and  Bodenstein,^  from   which   we   have   con- 
structed Table  I. 

Table  I. 

T.  K.  AF*.  AH.  I. 

1073  0.0x14  9550  — 2.04 

35670 
"73  0.0474  7115  — -1.94 

37000 
1273  0.165  4560  — 1.94 


1373  0.492  1940 

1473  1.23  —614 


37840 
39640 


Mean,  36860  — 1.99 

The  first  column  gives  the  absolute  temperature,  the  second  the  equi- 
librium constant,'  the  third  gives  the  corresponding  free  energies,  the 
fourth  gives  the  values  of  AH  calculated  from  consecutive  pairs  of  K, 
and  the  fifth  the  values  of  I,  which  are  ultimately  obtained  from  the  several 
values  of  K.  The  mean  value  of  AH  at  the  average  temperature  of  1 2  73  ^  A 
leads  to  AH©   =  35650  cal.    Hence, 

h(g)  =  2l(g);  AF**  =  35650  — 3.5oTlnT  +0.0020T*— 1.99T   (5) 
This  equation  agrees  at  least  as  well  with  the  experimental  data  of  Boden- 
stein  and  Stardc  as  the  equation  which  they  use.    From  our  equatiop 
we  find 

AP®29«  *  29290  cal.  (6) 

Hs)  =  /(g).— Combining  (4)  and  (6);  (3)  and  (5),  AF%98  =  16965, 
AF**  =  26275  +  i.6oThiT  — 40.36T.  (7) 

2I  {s)  =  Ii(aq-)' — ^The  free  energy  of  formation  of  a  molal  solution 
of  iodine  in  water  can  readily  be  determined  from  solubility  measure- 

^  Starck  and  Bodenstein,  Z.  Electrochem.,  i6»  961  (1910). 

'  The  equilibrium  constant  here  given  is,  as  usual^  the  one  involving  gaseous  pres- 
sures (sometimes  designated  as  K^).  It  has  been  calculated  from  the  valueauaLXc 
given  by  Bodenstein. 
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ments.  Jakowkin^  found  the  solubility  of  iodine  at  25  ^  to  be  o .  001334M. 
This  value  is  corroborated  by  the  work  of  Hartley  and  Campbell.*  Bray 
and  MacKay'  show  that  some  of  the  iodine  dissolved  is  not  present  as 
such  owing  to  hydrolysis,  and  they  give  the  true  solubility  as  0.00132M . 

Assuming  now  that  the  activity  of  I2  in  solution  is  proportional  to  its 
concentration,  the  free  energy  of  a  molal  solution  is  given  by  the  equa< 
tion 

AF°298  =  — R'T  hi  0.00132  =  3926  cal.  (8) 

Hydrogen  Iodide. 

V«^2  +  V2l2(g)  =  HI(g). — ^This  reaction  was  carefully  studied  by 
Bodenstein,*  and  the  work  has  been  subjected  to  a  careful  critique  by 
Haber  in  his  "Thermodynamics  of  Technical  Gas  Reactions."  Haber 
expresses  Bodenstein's  data  by  the  free  energy  equation 

AF-  =  -89.575-  1.575T  In  T  +  o.oo549T»  +  R'Thi  ^-^^  +  2.67T. 

From  this  equation  AH398  =  — 96  cal.  and  AF%9«  «  — 1480  cal. 

This  equation,  as  we  shall  see,  gives  values  of  AF°,  AH,  and  Ar,  which 
are  by  no  means  consistent  with  those  obtained  in  other  ways.  Haber 
suggested  the  possibility  that  the  dissociation  of  iodine  into  monatomic 
vapor  might  have  caused  some  error  in  the  calculations  based  upon  Boden- 
stein's  meastu'ements.  Since  then,  the  investigation  of  Bodenstein 
and  Starck  has  permitted  us  to  calculate  the  actual  dissociation  of  It 
at  the  various  temperatures  and  pressures  used  by  Bodenstein.  Thus, 
from  Equation  5  of  this  paper  we  have  calculated  the  fraction  of  Is 
dissociated  at  the  four  absolute  temperatures  given  in  Table  II. 

Tabuc  II. 

T.  353.  633.  713.  793. 

Fraction      Is      dissociated 

(Pi,  =  i) 1.50X10"*    1.35X10"*    0.65X10""*    2.45  X  io"« 

Fraction      h     dissociated 

(ilf  =  V4) 3.01  X  io"«    2.51  X  10-*     i.3iXio~»     490X10-* 

From  this  table  we  may  make  the  small  corrections  to  Bodenstein's 
equilibrium  constants  at  the  .foiu*  temperatures  which  we  have  chosen  as 
representative.  In  Table  III  the  value  of  In  K,  which  Haber  gives,  are 
shown  in  the  second  column,  the  values  of  In  K  corrected  for  the  dissocia- 
tion of  the  iodine  in  the  third,  and  in  the  fourth  the  values  of  AF°  ob- 
tained from  In  K  (cor.). 

*  Jakowkin,  Z.  phys.  Chem.,  18,  590  (1895). 

*  Hartley  and  Campbell,  J.  Chem.  Soc,  93,  741  (1908). 

*  Bray  and  MacKay,  This  Journal,  32,  914  (1910);  33,  1485  (J911). 

*  Bodenstein,  Z.  physik.  Chem.,  29,  295  (1899),  and  earlier  papers. 
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Table  III. 

T. 

In  K  (Raber). 

In  K  (cor.). 

AF«. 

I. 

553 

2.2229 

2.2229 

—2440 

—2.40 

633 

2.0983 

2.0984 

— 2640 

— 2.52 

713 

I. 9631 

1.9638 

— 2780 

—2.51 

793 

1.8195 

I. 8219 

—2870 

— 2.50 

From  these  data  it  is  theoretically  possible  to  repeat  Haber's  procedure 
and  obtain  a  free  energy  equation  with  four  constants,  representing  the 
values  of  AHo,  Ar©,  ATi,  and  I,  and  we  thus  find  for  AH©,  465.2,  instead 
of  Haber's  — 89.6;  for  Ar©,  — 0.246  instead  of  1.575,  and  for  Ari  — 0.008^ 
instead  of  — o.oii.  Now  this  work  of  Bodenstein  is  perhaps  the  most 
careful  investigation  of  a  gaseous  equilibrium  that  is  to  be  found  in  the 
Uterature,  and  the  calculation  that  we  have  just  made  shows  how  impossi- 
ble it  is  to  use  any  such  body  of  data,  obtained  over  a  small  temperature 
range,  for  the  calculation  of  such  quantities  as  AFo  and  AFi,  since  the 
corrections  which  we  made  amounted  to  hardly  more  than  the  probable 
experimental  error  and  yet  have  produced  enormous  changes  in  the 
calculated  thermal  quantities. 

We  must,  therefore,  proceed  in  this  case  as  in  others  and  obtain  otu* 
chief  knowledge  of  the  thermal  data  from  calorimetric  measurements. 
We  have  previously  obtained 

C^(HI)  =  6.5  +  0.0010T 
C^OAHa)  =  3.25  +  0.00045T 
C/>(  V2I2)  =  3.25  +  0. 0020T 
Hence, 

Ar  =  0.00  —  0.00145T  (9) 

Thomsen  gives  6000  and  Berthelot  6300  cal.  (average  6150)  as  the 
value  of  AH  for  the  formation  of  HI  from  solid  iodine  at  room  tempera^ 
ture.  We  have  already  seen  that  the  heat  of  sublimation  of  iodine  at 
room  temperature  is  7550  cal.  Hence  for  oiu*  reaction  AH281  =  — 1400 
and  from  (9)  AH©  =  — 1340  cal.    Thus, 

V2Ha  +  '/Mg)  =  HI(g);  AF°  =  —1340  +  0.000725T2  —  2.48T  (io> 

where  the  "walue  of  I  is  the  average  obtained  from  the  four  values  of  AF 
given  in  Table  III. 

Hence  we  find  AF°298  =  — 2010  cal. 

The  value  of  AF°298  thus  calculated  is  corroborated  by  the  work  of 
Stegmiiller,^  who  measured  the  electromotive  force  of  a  cell  with  hydro- 
gen and  iodine  electrodes  and  hydrogen  iodide  solution  as  electrol)rte» 
The  pressures  of  H2,  I2  and  HI  were  all  measured.  His  results  are  given 
in  Table  IV,  where  the  first  column  shows  the  centigrade  temperature,, 
the  second  the  values  of  AF*^  obtained  from  the  e,  m,  f.,  the  third  the 
»  Stegmiiller,  Z.  Electrochem.,  16,  85  (1910). 
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values  of  AF^  calculated  from  Equation  10,  and  the  fourth  the  values 
of  I  obtained  from  Stegmtiller's  results.  * 

Tablb  IV. 

i.  AP».  AF<>calc.  I. 

31.6  — 2036  — ^2028  — 2.5 

55.2  — 2019  — 2073  — 2.3 

81.6  — 1958  — 2130  — 2.0 

•  It  is  evident  that  some  error,  perhaps  due  to  the  neglect  of  the  liquid 
potential  between  the  HI  solution  and  the  HI  solution  saturated  with 
I2,  has  given  a  false  temperature  trend  to  Stegmiiller's  results,  but  his 
value  at  the  lowest  temperature  is  in  almost  perfect  agreement  with 
Equation  10. 

^/ifitig)  +  I(s)  =  HI(g), — ^By  combining  Equations  3  and  10 
we  find  for  this  reaction  AF%98  =  310  cal.  and 

AF**  =  7iio  +  3.35ThiT  — o.ooo275T«  — 41.845T       (11) 
Iodide  Ion. 

V2^2(a^.)  +  ©  =  I^' — ^The  most  accurate  investigation  of  this  elec- 
trode potential  to  be  foimd  in  the  literature  is  that  of  Maitland,^  who 
obtained  for  the  cell  l2(aq.),I~  IIN.E.;  E%98  =  — 0.3415V.,  E**  being 
calculated  from  the  measured  value  of  E  by  the  equation^ 

RT        (I-) 
E-E    +  — hi^^.. 

.  Some  unpublished  measurements  made  by  Dr.  P.  V.  Farragher  in  this 
laboratory  fuUy  corroborate  Maitland's  experimental  work.  But  the 
recent  investigations  of  Lewis  upon  the  ratio  of  activity  to  concentra- 
tion show  that  Maitland's  result  is  subject  to  a  small  correction.  In- 
stead of  attempting  to  calculate  the  magnitude  of  this  correction,  Farragher 
has  studied  the  same  cell  at  lower  concentrations  and  has  found  that 
with  increasing  dilution  of  l2  and  of  I~  the  normal  e.  m.  f.  reaches  the  con- 
stant value  E%98  =  — 0.3407. 

We  have  found  in  the  preceding  paper'  N.E.  II H+,  H«;  E%m  ==  — o.  2776. 
Hence  for  the  ceU  l2(aq.),I-  II H+ H,;  E%98  =  —0.6183.  This  then  is 
the  normal  potential  of  an  electrode  involving  dissolved,  iodine  and 
iodide  ion.  From  the  equation  AF  =  — »EF',  n  being  in  this  case  — i, 
we  find 

Vtl2(aq.)  +  e  =  I-;  AF%98  =  —14267  (12) 

I(s)  +  0  «  I~.  —  Combining  Equations  8  and  12 

AF%98  =  —12304.  (13) 

*  Maitland,  Z.  Electrochem.,  la,  263  (1906). 

*  The  conventions  employed  in  such  electromotive  force  equations  are  stated  by 
Lewis  (This  Journal,  35,  22  (1913));  sec  also  footnote  to  the  page  dted. 

*  Lewis  and  Randall,  This  Journal,  36,  1975  (i9i4)»  Equation  18. 
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Tii-Iodide  Ion. 

/"  +  2lis)  =  7s". — ^The  equilibrium  between  iodide  and  tri-iodide  is 
one  in  which  some  unusually  large  apparent  deviations  from  the  law  of 
the  perfect  solution  are  evident,  even  at  high  dilutions,  as  shown  by  Bray 
and  MacKay.^  In  the  presence  of  solid  iodine  the  ratio  of  potassium 
iodide  to  potassitun  tri-iodide  should  be  constant,  provided  that  the  degree 
of  dissociation  of  the  two  salts  is  the  same  function  of  the  concentra- 
tion. As  a  matter  of  fact,  however,  the  ratio  is  not  constant  even  in  fairly 
dilute  solutions,  as  shown  by  Table  V  (Bray  and  MacKay),  in 
which  the  first  row  shows  the  total  concentration  of  potassium  salt^ 
and  the  second  the  ratio  of  potassium  iodide  to  potassium  tri-iodide 
in  solutions  in  which  the  activity  of  the  iodine  was  kept  constant  by  the 
presence  of  an  excess  of  solid  iodine.    The  measurements  were  at  25  ®. 

Tablb  V. 

XK o.ioo      0.020      o.oio      0.005      0.002      o.ooi       0.0 

KI/KIs 0.99         1.04         1.06         1.08         I. II         1. 14         1. 16 

Bray  and  MacKay  assume  that  the  degree  of  dissociation  of  these  two 
salts  is  the  same,  and  that  the  activity  of  the  tri-iodide  ion  is  abnormal. 
Making  the  same  assumption  here  and  using  the  value  at  infinite  dilution^ 
we  find  for  our  reaction, 

AF%98  =  — R'T  hi  (i/i .  16)  =  88  cal.  (14) 

When  working,  however,  with  any  appreciable  concentration  of  la" 
we  must,  for  the  present,  make  use  of  the  empirical  tables  of  Bray  and 
MacKay,  and  of  Jakowkin.* 

3/(5)  +  ©  •=  Iz". — Combining  (13)  and  (14)  gives 

AF°298  =  — 12216.  (15) 

Hypoiodous  Acid. 
h(aq.)  +  H^{1)  ^  H"^  +  I^  +  HIO(aq.)— The  hydrolysis  of  iodine 
leads  to  the  reversible  formation  of  hydriodic  and  hypoiodous  adds,  the 
latter  of  which,  a  very  weak  acid,  is  present  in  the  un-ionized  state.  The 
degree  of  hydrolysis  has  been  investigated  by  Bray^  and  by  Bray  and 
Connolly*  through  measurements  of  the  conductivity  of  solutions  of  iodine 
in  water.    They  find  at  25®  for  the  equihbrium  constant,*^ 

K  =  (H+)(I-)(HIO)/(IO  =  3  X  io-^». 
Hence, 

AFV  =  — R'Tln(3  X  lo"")  =  17100  (16) 

*  Bray  and  MacKay,  This  Journal,  32,  914  (1910). 
»  Jakowkin,  Z.  physik.  Chem.,  ao,  19  (1896). 

»  Bray,  This  Journal,  3a,  932  (1911)- 

*  Bray  and  Connolly,  Ibid.,  33,  1485  (1911). 

»  Skrabal,  Z.  Elektrochem.,  17,  665  (191 1),  by  a  more  indirect  method  obtained 
a  value  between  6  and  4  times  as  great  as  this. 


Digitized  by  VjOOQIC 


2266  GaSERT  N.   LEWIS  AND  MSRLE  RANDALL. 

I(s)  +  Va02  +  ^/iHi  =  HIO(aq.). — Combining  Equations  8,  13  and 
16  of  this  paper  with  8  and  53  of  the  preceding  paper,  on  oxygen  and 
hydrogen  compounds,  gives 

AF%98  =  —23300  (17) 

The  degree  of  dissociation  of  HIO  as  an  add  is  extraordinarily  small, 
and  has  not  been  quantitatively  determined.  It  is  therefore  impossible 
to  calculate  the  free  energy  of  the  hypoiodite  ion. 

lodate  Ion. 

In  order  to  determine  the  free  energy  of  formation  of  the  iodate  ion  we 
may  consider  the  following  subsidiary  reactions: 

Jhiaq-)  +  3H2O  +  5AgI0z{s)  =  sAgI(s)  +  6H+  +  (J/0,-.  — This  re- 
action  is  one  which  was  studied  by  Sanunet,^  who  investigated  the  equi- 
Ubrium  at  25^  in  a  system  comprising  a  solution  of  HIO3  and  l2,  and 
solid  Agl  and  AglOa,  the  concentration  of  the  I2  being  determined  by 
shaking  out  with  carbon  tetrachloride,  that  of  HIOj  by  analysis.  The 
equilibrium  constant  is 

^  _  (H+)«(IO.-)« 

It  is  in  just  such  a  reaction  as  this  where  ions  enter  only  on  one  side 
of  the  reaction  that  we  might  expect  a  great  variability  of  K  with 
the  concentration,  if  the  ion  concentrations  are  calculated  from  the 
•conductivities  by  Kohlrausch's  rule.  By  a  curious  chance,  however, 
Sammet,  using  old  and  unquestionably  incorrect  conductivity  values,  ob- 
tained degrees  of  dissociation  identical  with  our  calculated  corrected  de- 
:grees  of  dissociation  of  substances  of  the  type  of  HIOs.  Consequently, 
K  was  found  to  be  a  constant,  and  its  average  yalue,  in  the  five  cases 
in  which  the  concentration  of  acid  did  not  exceed  o.iAf,  was  0.000853. 
Hence, 

AF%98  =  4190  (18) 

AgIOz  =  Ag^  +  lOz". — We  may  employ  the  solubility  product  of 
AglOs,  which,  at  25®,  is  found  to  be  3.5  X  io~'  by  Noyes  and  Kohr;' 
3 . 1  X  10"*  by  Hill  and  Simons;*  and  about  3 .2  X  10"*  by  Kohlrauscb.* 
The  value  of  4 . 5  X  10"®  obtained  by  Sammet  is  doubtless  quite  erroneous. 
We  may  take  as  the  average  of  the  first  three,  3 .3  X  io~*,  whence 

AF®298  =  10220  (19) 

Agl  +  ^/iHt  =  i4g  +  H+  +  /-.—On  account  of  the  extreme  dis- 
cordance of  the  values  given  in  the  literature  for  the  solubility  of  silver 
iodide  we  shall,  instead  of  making  use  of  the  free  energy  of  solution  of 

*  Sammet,  Z.  physik.  Chem.,  53,  641  (1905). 

*  Noyes  and  Kohr,  Ibid.,  4a,  338  (1903). 

*  Hill  and  Simons,  Ibid.,  67,  602  (1909). 

*  Kohlrausch,  Ibid.,  64,  151  (1908). 
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Agl,  employ  the  results  of  Danneel,^  who  studied  the  reversible  reaction 
l>etween  hydrogen  and  silver  iodide.  The  temperature  of  his  measure- 
:ments  was  variable,  ranging  from  13®  to  17®.  Fortunately  the  equilib- 
jium  constant  of  this  reaction  changes  little  with  the  temperature,  and 
-we  may  conclude  from  his  measurements  that  at  25^  Ag  and  Agl  are  in 
-equilibrium  with  hydrogen  at  i  atms.  and  HI  at  o.05Af.  Taking  the 
-corrected  degree  of  dissociation  at  this  concentration  as  0.82,  the  concen- 
tration of  H+  and  of  I~  is  0.041M  and 

AF%98  =  — 2R'T  hi  0.041  =  3800*  (20) 

We  have  fotmd  in  Equations  13  and  8  the  free  energy  of  iodide  ion, 
-and  of  aqueous  iodine;  and  in  the  preceding  paper  on  oxygen  and  hydro- 
gen compotmds  the  free  energy  of  water,  of  silver  ion,  and  of  hydrogen 
ion,  Equations  53,  50,  and  8.  We  may  combine  all  these  equations 
^as  follows: 

5AgIO,  +  3l2(aq.)  +  3H,0(/)  =  5AgI  -f  6H+  +  610,- ;  AP^u  =  4190 

-5Ag+  +  5IO8-  =  sAglOa;  AF%98  -    —51 100 

^Agl  +  5/2H,  =  5Ag  +  5H+  +  5I-;  AF^m  =         19000 

5I"  +  5  ®  =  5IW;  AF%98  =        61520 

-6I(^)  =  3l2(aq.);  AF%98  =         11780 

^H,  +  3/2O,  =  3H20(/);  AFSw  =  —169860 

11H+  =  11/2H2  +  II  ®;  AF%98  «  o 

^Ag  +  5  ®  =  5Ag+;  AF%98  =        92120 

K^)  +  3/2O,  +  e  -  10,-;  AF^98  =  ,—32350 

The  eight  equations  are  added  as  they  stand  to  give  the  equation  for 
the  free  energy  of  the  iodate  ion.  We  shall  not,  however,  number  this 
^equation  as  there  is  another,  presumably  more  accurate,  method  of  de- 
termining this  free  energy  which  we  shall  consider  presently.  It  is  diffi- 
•cult  to  estimate  the  acctu^cy  of  the  calculation  which  we  have  just  made. 
Each  of  the  individual  measurements  seems  fairly  reliable,  but  there  is 
iarge  opportunity  for  the  mtdtiplication  and  accumulation  of  errors  in 
the  whole  calculation. 

I(s)  +3H^{1)  +  5  ®  =  6H-^  +  /Oj-.— A  more  accurate  method  of 
determining  the  free  energy  of  the  iodate  ion  is  fiunished  by  the  e.  m.  f . 
measiu'ements  of  Sammet,  who  determined  the  potential  corresponding 
to  the  above  reaction.  A  platinum  electrode  in  contact  with  o.ooiAf 
HIOs  and  solid  iodine,  against  the  normal  calomel  electrode  at  25''  gave 

*  Danneel,  Z.  physik.  Chem.,  33,  439  (1900). 

*  By  combining  this  value  with  the  free  energy  of  formation  of  H"*",  of  I"  and  of 
Ag"*"  we  find  for  the  free  energy  of  formation  of  Agl,  F^jm  =  — 16100  and  for  the 
solubility  of  Agl  at  25**,  ^.2  X  icT^M.  This  b  only  about  70%  of  the  solubility  ob- 
tained by  Goodwin  and  by  Thiel  from  e;  m.  f.  measurements.  A  far  more  accurate 
value  could  be  readily  obtained  by  a  r^etition  of  Danneel's  work  at  25^. 
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E  =  — 0.665,  exclusive  of  liquid  potentials.  The  potential  of  the  normal 
calomel  electrode  we  have  fotmd  in  the  preceding  paper  to  be  — 0.2776. 
The  absolute  potential,  therefore,  of  the  above  electrode  is  — 0.943. 
Hence  we  may  obtain  the  normal  potential  of  this  electrode  from  the 
equation  — 0.943  =  E°298  —  (o.o59i5/5)log(H^')®(IOj").  Assumingthe 
degree  of  dissociation  of  o.ooiAf  HIO3  to  be  0.97,  the  concentration  of 
each  ion  is  0.00097M; 

£"^298  =  —1.193;  AF^98  =  — 5EF'  =  137590.  (21) 

I(s)  +  3/2O2  +  ©  =  /Ob". — Combining  Equation  21  with  the  value 
we  have  used  above  for  the  free  energy  of  formation  of  liquid  water  and 
of  hydrogen  ion,  we  find 

AF'^ajg  =*  —32270  (22) 

This  value  is  in  surprisingly  good  agreement  with  the  one  obtained  above. 
The  latter  calculation  is  by  far  the  more  reliable  of  the  two  and  can  hardly 
be  in  error  by  more  than  200  calories. 

In  concluding  we  wish  to  express  our  obligation  to  the  Rumford  Fund 
of  the  American  Academy  of  Arts  and  Science  for  financial  aid  in  this 
investigation. 

Summary. 

We  shall  not  summarize  here  the  various  subsidiary  calculations  used 
in  this  paper,  but  merely  repeat  the  final  values  of  the  free  energy  of  forma- 
tion of  the  iodine  compounds  investigated. 

Tablb  VI. 

SabsUnce.                               AP^tn,  Equation.                Substance.  AFStt.     Equation. 

1(5) O  HI(^) 310  II 

!(/) 460  1                      I~ — 12304  13 

hig) 4640  4                        13- — 12216  15 

1(g) 16965  7                       HIO(aq.) —23300  17 

l2(aq.) 3926  8                      lOr — 32270  22 


[Contribution  prom  the  LiAboratory  op  Organic  Chemistry  op  tbe  Universitt 

OF  Illinois.] 

A  SENSITIVE  CRITERION  OF  THE  PRECISION  AND  OF  CON* 
STANT  ERRORS  IN  THE  CONDUCTANCE  DATA  OF  WEAK 
ELECTROLYTES,  THE  DETERMINATION  OF  THE  MOLAR 
CONDUCTANCE  OF  ORGANIC  ELECTROLYTES  AT  ZERO 
CONCENTRATION  AND  A  STUDY  OF  THE  CORREC- 
TION FOR  THE  SPECIFIC  CONDUCTANCE  OF 
THE  CONDUCTIVITY  OF  WATER. 

By  C.  G.  Dbuck. 
Received  August  26,  1914. 

I.   ^'Calculated**  Xo  as  a  Criterion  of  Precision. 
If  the  ideal  mass  law  for  weak  electix>l)rtes  is  given  the  form  k  » 
(aVi  —  «)  or  *  *  cX/Xo(Xo  —  X),  since  a  *  X/Xo,  is  assmned  to  hold 
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exactly  in  any  given  case,  it  is  possible  to  calculate  the  value  of  the  con- 
ductance at  zero  concentration  or  infinite  dilution  from  two  meastu-e- 
ments  of  its  conductance  at  two  different  concentrations.  If  X  and  Xi 
represent  the  molar  conductances  of  this  electrolyte  at  the  concentra- 
tions C  and  Ci,  respectively,  then  *  =  cXVXo(Xo  —  X)  =  ^iXiV\>(Xo  — Xi) 
from  which  Xo  =  XXi(cX  —  Ci\i)/{c\^  —  ^iXi*).^ 

Since  the  ideal  mass  law  in  the  above  form  can  only  hold  rigorously 
where  the  nature  of  the  solution  no  longer  changes  with  change  in  con- 
<:entration,  it  is  obvious  that  the  mass  law  in  this  form  is  never  rigorously 
obeyed. 

Yet  there  may  exist  electrolytes  which  obey  it  accurately  enough  so 
that  oiu"  measiu-ements  do  not  detect  any  deviations  at  small  concentra- 
tions. Fortimately,  data  are  fast  being  accumulated  which  show  to  what 
degree  the  ideal  mass  law  in  the  above  form  is  approximated  and  may  be 
used,  therefore,  to  draw  valuable  conclusions  concerning  the  behavior 
of  electrolytes,  as,  for  example,  the  calculation  of  the  molar  conductance 
^t  zero  concentrations  in  the  manner  just  described.  The  recent  accurate 
work  of  Kendall^  upon  the  conductance  of  acetic  add  in  aqueous  solu- 
tion at  25®  warrants  one  in  beUeving  that  this  acid  very  closely  approx- 
imates the  ideal  mass  law  in  the  above  form,  and  it  may  be  used  in  the 
calculation  of  the  molar  conductance  of  acetic  acid  at  zero  concentration, 
which  value  will  hereafter  be  called  the  "calculated"  X©.  Table  I,  that 
.follows,  gives  the  results  of  these  calculations  for  all  possible  combina- 
tions of  the  dilutions  measured  by  Kendall  together  with  the  correspond- 
ing values  for  its  molar  conductance  and  ionization  constant. 

As  stated  in  the  introductory  paragraphs  to  the  article,  in  order  to  cal- 
<!ulate  Xo,  as  has  been  done  in  the  table,  the  mass  law  in  the  above  form 
is  assumed  to  be  approximated  to  such  a  degree  that  experimental  errors 
in  the  measured  values  of  X  and  Xi,  and  C  and  Ci  are  not  greater  than  those 
introduced  by  the  difference  in  values  for  the  ionization  constant  corre- 
rsponding  to  these  concentrations,  since  these  values  are  made  identical 
in  the  calculations.  The  values  given  by  Kendall  for  the  ionization 
-constant  corresponding  to  the  different  concentrations  or  dilutions,  as 
seen  from  the  table,  justify  the  above  assumptions  and  it  is  evident  that 
-small  differences  in  these  values  do  not  influence  the  "calctdated"  Xo 
Appreciably.  The  concentrations,  at  which  the  constant  for  ideal  mass 
law  in  the  above  form  is  most  accurately  known,  may  be  determined  as 
follows:  The  percentage  error  introduced  into  the  ionization  constant 
lyy  errors  in  X  and  Xo  (C  is  asstuned  to  have  a  negligible  error,  i.  ^.,  is  a 

1  Kohlrausch  and  Holbom,  "LeitvermOgen  der  Blektrolyte,"  2898,  p.  103. 
*  J,  Chem.  Soc.,  loi,  1283  (19 12);  and  Meddelandenfran  K.  Vetenskapsakademiens 
JiabelinsiittU,  a,  38  (19x3). 
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Table  I. 

Condnctanoe  data.* 

t. 

X. 

W*'  X  io-». 

13.57 

6.086 

1.845 

27.14 

8.591 

1.851 

54.28 

12.09 

1.849 

108.56 

16.98 

1.849 

217. 1 

23.18 

1.851 

434.2 

33    22 

i.84» 

868.4 

46.13 

1. 850" 

1737.0 

63.60 

1.854 

3474.0 

87.17 

1.855 

6948.0 

116. 8 

1.870 

00 

387.7 

"Cidciilated"  Xo. 

"Calculated"  Xo. 

"Calculated" 

Xo. 

Diltttloos. 

Xo. 

Dilutions. 

Xo. 

DUutions. 

X.. 

12.57  and      27.14 

766 

54.28  and     108.56 

290* 

217 

.1  and    434.2 

379* 

54.28 

449 

217. 1 

402 

868.4 

388 

108.56 

359 

434.2 

391 

17370 

393. 

217. 1 

416 

868.4 

392 

3474  0 

392 

434.2 

402 

1737.0 

395 

6948.0 

39» 

868.4 

399 

3474.0 

393 

434 

3  and    868.4 

394 

1737. 0 

399 

6948.0 

399 

1737.0 

398- 

3474.0 

396 

108.56  and    217. 1 

551* 

3474.0 

394 

6948.0 

400 

434-2 

434* 

6948.0 

400 

27.14  and      54.28 

348 

868.4 

414* 

868 

4  and  1737.0 

400*^ 

108.56 

311 

1737.0 

408* 

3474  0 

381 

217. 1 

389 

3474.0 

401  • 

6948.0 

401 

434.2 

384 

6948.0 

403* 

1737 

0  and  34740 

390 

868.4 

388 

6948.0 

401 

1737.0 

532 

3474 

.0  and  6948.0 

40^ 

3474  0 

391 

6948.0 

458 

constant  for  the  given  case)  is  easily  obtained  by  differentiating  the 
logarithmic  form  of  expression  k  =  CXVXo(Xo  —  X),  whence 
dk/k  =  [(2X0  —  X)/(Xo  —  X)][dX/X  — dXo/Xo]. 
As  the  solutions  become  more  concentrated,  X  approaches  zero  as  its 
limit  when  dk/k  =  2  [dX/X  —  dX©  /X©  ].  On  the  other  hand,  as  the  solution 
becomes  more  dilute,  X  approaches  X©  as  its  limit,  when  dk/k  =  00  (JX/X  — 
dX©/X©).  Obviously,  the  ionization  constant  is  least  influenced  by  er- 
rors in  X  and  X©  the  greater  the  concentration,  which,  however,  must 
never  be  so  great  that  the  degree  of  ionization  ceases  to  be  meastu-ed  by 
the  expression  a  =  X/X©  with  the  requisite  accuracy  for  the  above  dis- 
cussion. For  most  weak  electrolytes,  the  value  of  this  upper  limit  of 
concentration  is  in  the  neighborhood  of  0.02  AT  according  to  recent  in- 
vestigations. Thus,  for  Kendall's  measurements  the  value  1*849  X  lo"^ 
*  Uncorrected  for  the  specific  conductance  of  the  conductivity  water. 
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may  be  taken  as  the  ionization  constant  of  acetic  acid  according  to  his 
data.  The  error  in  this  value  may  be  greater  or  less  than  that  in  X  or 
Xo  accordingly  as  d\/\  and  d\o/\o  are  of  the  opposite  or  the  same  sign, 
respectively.  Before  the  correct  weight  can  be  given  to  tiiis  value  for 
the  ionization  constant  for  acetic  add  the  amount  and  the  direction  of 
the  errors  in  X  and  Xo  must  be  ascertained.  However,  it  is  sufficiently 
obvious  that  acetic  add  very  dosely  ai^roximates  the  mass  law  and  that 
a  correct  value  for  its  "calculated"  Xo  may  be  found  as  described. 

It  is  now  necessary  to  determine  which  value  of  "calculated"  X©  is 
most  free  from  the  errors  in  X  and  Xi  or  whidi  value  is  most  sensitive  to 
these  errors  if  the  "calculated"  Xo  is  to  be  used  as  a  criterion  of  the  ac- 
curacy of  the  conductance  data.    In  a  similar  manner  to  that  in  which 
the  percentage  error  in  the  ionization  constant  was  faaad,  and  sagain  as- 
suming that  the  errors  in  C  and  Ci  are  negligible*  the  percentage  error 
in  Xo  with  those  in  X  and  Xi  may  be  calculated  from  the  expression: 
dXo  _  CiXi[CiXi«  +  CX«— 2CXXildX       CX[CiXi>  +  CX«— 2C1XX1]  ^ 
Xo   ~  [CX  — CiX,}[CX«— CiXiT  X  "^  [CX  — CiXiI[CX«— QXfl    Xi 
T  ff^«^  n  -  CiXi[CiX|»  +  CX«— 2CXX1I      _  CX[CiXi«  +  CX«— 2C1XX1I 
i^itmga-   [cx  — CiXi][CX«— CiXiT  '^^  [CX  — CiX,][CX«— CiXil 
and  solving  for  their  numerical  values  in  the  following  cases,  using  the 
data  given  in  Table  I,  the  results  of  Table  II  are  obtained: 

Tablb  II. 


c. 

Ci. 

he 

hCi, 

«. 

b. 

1/54.28 

I/I08.56 

1.849  X  io-» 

1.849  X  id-» 

— 110.5 

+  111. 2 

1/54  28 

1/4342 

1.849  X  id-» 

1.849  X  icr» 

—  33.4 

+  34.4 

1/54.28 

1/6948 

1.849  X  io-» 

1.870  X  io~» 

—  5.3 

+  6.3 

I/I08.56 

1/217.1 

1.849  X  io-» 

1. 851  X  io-»? 

— 151.1? 

+  151.9? 

I/2I7.I 

1/434.2 

1.851  X  io-» 

1.849  X  io-» 

—  71.5 

+  72.5 

1/434.2 

1/868.4 

1.849  X  io-» 

1.850  X  io-» 

—  51.6 

+  52.7 

1/868.4 

I/I737.0 

1.850  X  io-» 

1.854  X  io-» 

—  36.0 

4-  37.3 

From  Table  II  it  is  seen  that  the  error  in  "calculated"  Xo  for  acetic 
acid  is  never  greater  than  that  in  X  or  Xi,  depending  upon  which  is  most 
in  error,  as  long  as  d\/\  and  d\i/\i  have  the  same  sign,  since  (a)  and 
(6)  always  have  opposite  signs.  This  appears  to  be  the  case  with 
Kendall's  data.  As  long  as  this  is  true  the  "calculated"  Xo  may  be 
found  with  the  same  accuracy  whatever  combinations  of  X  and  Xi 
(C  and  Ci)  are  employed,  provided  the  ideal  mass  law  in  the  above 
form  is  approximated  with  suffident  accuracy.  In  other  words,  the 
"calculated"  Xo  is  an  equally  sensitive  criterion  of  the  predsion  of 
the  molar  conductances  under  these  conditions  whatever  the  values  of 
C  and  Ci. 

If,  however,  dX/X  and  dXx/Xi,  are  opposite  in  sign,  then  the  error  in 
"calculated"  Xo  is  greater  the  greater  the  value  of  C  and  Ci,  since  (a)  and 
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(b)  always  have  opposite  signs.  Table  II  shows  that  for  Kendall's  data 
oa  acetic  acid,  tluit  the  "calculated"  Xo,  found  by  using  concentration 
which  are  as  different  as  possible,  is  least  affected  by  errors  in  X  and  Xx 
when  dii/\  and  dXi/Xi  are  opposite  in  sign.  Thus  in  the  series  of  values 
of  ''calculated"  Xo  in  which  C  =  1/54.32  (Table  I)  is  the  common 
concentration,  when  Q  ^  1/6948,  the  "calculated"  Xo  is  399;  while 
the  average  of  all  the  values  of  "calculated  "Xo  for  all  possible  oombina- 
tions  of  concentrations  from  1/54.32  to  that  of  1/6958,  excluding  those 
marked  by  the  asterisks,  is  398  with  a  mean  error  of  ^6  for  each  valne. 
It  is  also  dear  that  "calculated"  Xo  is  a  much  more  sensitive  criterion  of 
the  precision  of  the  conductance  data  when  C  and  Q  are  as  near  in  value 
as  possible  if  dK/\  and  dX|/Xi  are  opposite  in  sign. 

II.  '^Calculated''  Xo  as  a  Criterion  of  Constant  Errors. 

The  mathematical  methods  for  the  determination  of  the  precision  of 
experimental  results  have  been  very  accurately  developed  and  employed 
for  conductance  data,  but  such  methods  are  of  little  value  where  constant 
errors  are  present.  It  is  the  presence  of  constant  errors  in  most  of  the  con- 
ductance data  of  weak  electrolytes  that  renders  the  same  useless  when 
quantitative  conclusions  are  to  be  drawn.  Therefore,  more  attention 
must  be  paid  to  the  development  of  methods  for  the  detection  of  such 
constant  errors  in  conductance  data. 

In  the  present  discussion,  fortunately,  the  molar  conductance  at  zero 
concentration  for  weak  electrolytes,  like  acetic  acid,  which  closely  ap- 
proximate the  ideal  mass  law  in  the  above  form,  may  be  determined, 
independently  of  the  conductance  data  for  the  add,  by  the  following 
well-known  method: 

X0RCO2H  -  XoRCOjNa  +  XoH+  —  XoNa+ 
The  mobilities  of  the  hydrogen  and  sodium  ions  are  known  from  con- 
ductance and  transference  measurements  upon  strong  adds  and  their 
salts.  The  molar  conductances  of  the  sodium  or  other  salts  of  the  weak 
acid  are  extrapolated  to  zero  concentration  by  one  of  the  well-known 
methods. in  order  to  determine  their  molar  conductance  at  zero  concentra- 
tion. In  this  manner,  by  independent  measiu-ements,  the  molar  conduc- 
tance at  zero  concentration  of  a  weak  electrolyte  may  be  determined. 
Such  a  value  for  Xo  will  be  spoken  of  as  determined  by  the  salt  method 
in  the  following  discussion: 

A  comparison  of  the  "calculated"  X©  for  weak  dectrolytes  like  acetic 
add  withi  that  obtained  for  the  same  acid  by  the  salt  method  offers  a  means 
of  detecting  constant  errors  in  conductance  data.  This  means  assumes 
that  the  conductance  data  for  the  salt  is  fairly  accurately  known  and, 
similarly  for  the  values  of  the  mobilities  of  the  sodium  and  hydrogen 
ions.    It  is  not  necessary  that  the  weak  electrolyte  approximate  the  ideal 
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mass  law,  in  the  above  fonn,  as  accurately  as  does  acetic  add  in  order  that 
"calculated"  Xo  may  be  used  to  detect  constant  errors  in  ootRliactance  data, 
as  will  be  shown  from  the  discussions  m'  the  following  sectioiis.  It  must 
be  pomted  out,  however,  that  the  conductance  at  zero  concentxation 
for  most  tmi-univalent  salts  of  weak  electrolytes  falls  between  the  limits 
80  and  90  while  the  mobility  of  the  hydrogen  ion  at  25^  for  aqueoiss  solu- 
tion has  been  given  the  limits  338  and  365.^  Obviously,  fairly  laige  er- 
rors in  the  molar  conductance  at  zero  concentration  for  the  sodtum  salt 
will  not  introduce  a  correspondingly  large  error  in  the  Xo  value  determined 
by  the  salt  method,  since  the  former  value  is  additive  in  the  above  tqfik- 
tion  to  the  mobility  of  hydrogen  and  sodium  ions.  Similaiiy  it  i^  not 
necessary  that  the  mobility  of  the  sodium  ion  be  known  with  anything 
like  the  accuracy  with  which  the  mobiUty  of  the  hydrogen  ion  muit  be 
known,  since  the  vakie  of  the  former  is  52  compared  338  to  365  iortiie 
latter  at  25®.  Unfortunately,  the  uncertainty  is  gres^est  oonoeming  the 
mobility  of  the  hydrogen  ion,  which  should  be  most  aoctu-ately  Intbwn. 

Kendallj  in  the  article  referred  to  above,  has  recently  attempted  to 
ascertain  the  most  accurate  value  fcM-  the  mobility  of  the  hydrogen  ion 
at  25^.  His  indirect  method  consisted  in  the  calculation  of  the  ideal 
mass  law  constant  from  his  measurements  of  the  conductance  of  cyano- 
acetic,  ^-nitroben^oic,  o-chlorobenzoic,  etc.,  adds  at  cbncentratbns 
where  these  adds  very  dosely  s^proximated  this  law.  These  ic•icula^ 
tions  were  made  with  varying  vsJues  for  the  mobiUty  of  the  Jiydrogen 
ion,  provided  it  was  always  in  the  neighborhood  of  350  and  that  value 
was  chosen  for  this  mobiUty  which  gave  the  most  consistant  mass  law 
constant  at  the  smaller  concentrations.  Bis  method  gave  him  the  vahie 
347 . 2,  provided  the  specific  conductance  of  water  was  not  greater  than 
0.9  X  ro~'.    No  correction  was  made  for  sudi  water. 

Table  V,  with  the  subsequent  discussion,  offfers  convindng  proof  of  the 
correctness  of  this  value  for  the  mobility  of  the  hydrogen  ion  at  25^  for 
transition  electrolytes  in  aqueous  solution.  For,  in  Kendall's  work, 
he  must  asstune  the  mass  law  and  draw  his  condusion  from  the  mass 
law  constant,  which  is  in  reality  reasoning  in  a  circle;  since  he  had  no 
independent  measurements  to  justify  his  assumption  of  the  mass  law 
for  his  measin-ements.  The  calculation  of  the  ** calculated"  X©  from  the 
conductance  data  of  these  adds,  as  has  been  done  in  Table  V,  while  also 
asstuning  the  mass  law,  gives  a  value  which  may  be  checked  by  inde- 
pendent measurements  and  thus  justify  the  assumption  of  the.ma$kS  law. 
This  procedure  entirely  substantiates  the  condusions  drawn  by  K^daU 
as  to  the  mobility  of  tiie  hydrogen  ion  at  25  **  for  transition  electrolytes, 
which  is  apparently,  as  the  theories  demand,  the  same  value  as  for  strong 
dectrolytes. 

1  See  article  by  Kendall  mentioned  above. 
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In  the  case  of  weak  electrolytes  (A;<  lo*'^  Kendall  justly  states  that 
his  method  for  determining  the  mobility  of  the  hydrogen  ion  is  not  sensi- 
tive, since  large  variations  in  this  value  do  not  influence  the  ionization 
constant  to  anything  like  the  extent  that  it  does  for  the  transition  elec- 
trolytes. In  fact  the  water  correction,  which  has  a  slight  influence  for 
the  transition  electrol3rtes,  is  of  much  more  importance  than  slight  varia- 
tion in  the  value  for  the  mobility  of  hydrogen  ions  oipon  the  ionization 
constants  of  weak  electrolytes,  as  will  be  discussed  later.  However,  in 
accordance  with  theory,  Kendall  uses  the  value  347  for  the  mobility  of 
the  hydrogen  ion  in  acetic  add  at  25^,  and  calculates  what  he  considers 
the  best  ionization  constant  for  acetic  add  at  25^,  as  was  seen  in  Table 
I.  In  this  case  the  unsatiisfactoriness  of  his  method,  when  C4>plied  to 
weak  electrolytes  for  the  solution  of  this  problem,  becomes  very  evident, 
since  he  did  not  choose  the  best  value  for  the  conductance  of  acetic  add 
at  zero  concentration,  i,  e.,  the  best  value  for  the  mobility  of  the  hydrogen 
ion,  which  gives  the  best  mass  law  constant  for  his  data.  In  determining 
the  molar  conductance  at  zero  concentraticm  for  acetic  add,  Kendall 
used  the  value  for  the  mobility  of  the  acetate  ions  at  25^  which  was  de- 
termined many  years  ago  by  Ostwald^  and  compiled  by  Bredig,*  which, 
when  expressed  in  redprocal  dmis,  is  40. 7.  Since  the  limits  for  the  mo- 
bility of  the  hydrogen  ion  at  25^  are  338  and  365,  the  limits  for  the  molar 
conductance  at  zero  concentration  of  acetic  add  at  25^  are  379  and  406, 
accepting  the  mobility  of  the  acetate  Um  as  41.  Obviously,  that  value, 
for  Xo  for  acetic  add,  which  will  give  the  best  mass  law  constant  is  found 
by  assuming  the  mass  law  to  hold,  and  solving  for  Xo  from  the  conductance 
data  (rf  the  add  as  was  done  in  Section  I.  This  value  for  "calculated" 
Xo  was  found  to  be  398,  which  value  is  well  within  the  above  limits.  Table 
III  gives  the  values  for  the  ionization  constant  of  acetic  add  determined 
by  using  this  "calculated"  X©  value,  together  with  those  of  Kendall, 
using  his  data  for  X  and  Xo. 

Tablb  III. 

Ionization  constant  X  10~«.  Ionization  constant  X  10"-*. 


DUtttions. 

KendaU. 

Author. 

Dttutiont. 

Kendall. 

Author. 

13. 57 

1.845 

1.749 

434  2 

1.849 

1.750 

27.14 

1. 851 

1.752 

868.4 

1.850 

1.750 

54.28 

1.849 

1.752 

1737.0 

1.854 

1.750 

108.56 

1.849 

1.749 

3474.0 

1.855 

1.749 

217. 1 

1.851 

1.750 

6948.0 

1.870 

1.755 

Kendall's  measurements  and  interpretation  give  the  average  value 
for  the  ionization  constant  of  acetic  add  at  25**  as  1.852  X  lo"*  with  a 
mean  error  in  each  value  of  =^7  X  io~',  while  the  author's  interpreta- 
tion gives  the  average  value  i  .750  X  re*  with  the  mean  error  in  each 

1  Z.  physik.  Chem,,  a,  45  (1889). 

*Ihid.,  13,  218  (1894). 


Digitized  by  VjOOQIC 


TH8  CONDUCTANCE  DATA  OF  WEAK  EUCTR0LYT9S.  2375 

value  of  =^2  X  lo""'.  In  the  tenn  (X©  —  X)  employed  in  these  calcula- 
tions, X  was  rounded  off  to  a  whole  number,  except  where  the  decimal 
was  dose  to  0.5  of  a  unit,  so  that  the  above  results  for  the  ionization 
constant  are  as  uniform  as  possible,  since  the  value  f or  Xo  is  not  known 
to  a  fraction  of  a  whole  unit.  This  value  is  practically  the  same  as  that 
obtained  by  Ostwald^  when  his  results  are  expressed  in  international 
units,  using  the  accepted  values  for  the  mobiUties  of  the  sodium  and  hydro- 
gen ions  at  25^  (51-2  and  347).  Kendall  stated  that  Ostwald  obtained 
the  value  1.80  X  10'^  for  this  constant,  but  overlooked  the  fact  that 
the  values  for  these  mobiUties  had  changed  since  Ostwald  made  his  calcu- 
lations. 

The  fact  that  Kendall's  data  for  acetic  acid  give  the  value  398  for  the 
"calculated"  Xo  while  the  salt  method  gives  388  means  that  some  con- 
stant error  is  present  in  these  data,  if  the  mobility  of  the  hydrogen  ion 
at  25**  is  347  for  such  weak  electrolytes.  This  constant  error  may  be 
due  to  the  fact  that  no  correction  was  made  for  the  specific  conductance 
of  the  water  used  in  the  dilutions  (see  last  section). 

Finally,  it  is  interesting  to  note  that  this  value  for  "calculated"  Xo 
for  acetic  add  is  much  doser  td  that  obtained  by  the  salt  method  by  using 
the  mobiUty  of  the  hydrogen  ion  as  365  as  suggested  by  Noyes  and 
Sammud.' 

in.  Application  of  the  Criterion,  ^'Calculated*'  Xo  to  other  Data  upon 
the  Conductance  of  Acetic  Add. 

In  order  to  test  the  precision  of,  and  constant  errors  in,  the  conductance 
data  for  acetic  add  that  follow,  the  "calculated"  Xo  was  determined  for 
all  possible  combinations  of  concentrations  as  given  in  Table  IV. 

Tablb  IV. 
Conductance  Data. 


Ostwald*  25  •. 

Jones«  25*. 

Van'tHoff*  19.1*. 

t. 

X.     I 

k*'xia-». 

f. 

X. 

*J'xio-». 

t. 

X. 

8 

4.61 

1.75 

2 

2.089 

1.69 

18.53 

7.110 

16 

6.48 

1.74 

8 

4.342 

1.83 

37.07 

9.970 

32 

9.19 

1.68 

32 

8.699 

1.86 

74.15 

14.03 

64 

12.81 

I  73 

128 

17.11 

1.84 

148.3 

19.76 

128 

18.03 

1.74 

512 

33.24 

1.82 

296.6 

27.53 

256 

25.23 

1.74 

1024 

45.87 

1. 81 

593.2 

38.16 

512 

.34.23 

1.63 

2048 

63.00 

1.80 

I186.4 

49.60 

1024 

48.90 

1.74 

2372.8 
4745.6 
9491.2 

71.65 
97.36 
129.7 

1 Z.  pkysik.  Ckem,,  3,  170  (1889). 

•/Wtf.,43,49(i903). 

»/Wrf.,3,i74(i889). 

*  H.  C.  Jones,  "Electrical  Conductivity,  etc.,  of  Certain  Salts  and  Organic  Adds." 

» Z.  pkysik,  Chem.,  a,  779  (1889). 
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Tabls  IV  {conHamed). 

Calculated  Xo- 

OatwiUd. 

Jone& 

Van't  Hoff. 

Solutions, 

X- 

Solutions. 

\,. 

SolnUons. 

X.. 

8  and      16 

151 

2  and        8 

—     28.2 

18.54 

and    37.07 

117 

32 

645 

32 

—     82.2 

74.17 

237 

64 

234 

128 

—  348.0 

148.3 

382 

128 

1647 

512 

+  1900 

296.6 

331 

256 

358 

1024 

698 

593.2 

318 

512 

216 

2048 

524 

1186.4 

3x2 

1024 

366 

8  and      32 

—1279 

2372.8 

3x9 

16  and      32  ■ 

-468 

128 

+  434 

4745.6 

344 

64  +279 

512 

345 

9491.2 

349 

128 

351 

1024 

329 

37.07 

and      7415 

446* 

256 

412 

2048 

334 

148.3 

582^ 

512 

222 

32  and    128 

434 

296.6 

384* 

1024 

388 

512 

288 

593.2 

344 

32  and      64 

135 

1024 

292 

I 186. 4 

328 

128 

236 

2048 

308 

2372.8 

329 

256 

321 

128  and    512 

301 

4745.6 

353 

5»2 

185 

1024 

301 

9491.2 

363 

IP24 

205 

2048 

3x7 

74  15 

and    148.3 

740* 

64  and    128 

509 

512  and  1024 

301 

296.6 

369 

236 

539 

2048 

325 

593.2 

333 

512 

211 

1024  and  2048 

344 

1186.4 

322 

;             J024 

414- 

2372.8 

325 

128  and    256 

562 

4745.6 

350 

512 

183 

9491.2 

361 

1024 

402 

148.3 

and    296 . 6 

269* 

256  and    512 

128 

593  2 

289* 

1024 

373 

1186.4 

298* 

512  and  1024 

--695 

: 

296.6 

593.2 

1 186.4 

2372.8 
4745.6 

372.8 
4745.6 
9491.2 

and  593 . 2 
1186.4 
2372.8 
4745  6 
9491.2 

and  1186.4 
2372.8 
4745.6 
9491.2 

and  2372 . 8 
4745.6 
9491.2 

and  4745.6 
9491.2 

and  9491.2 

302  • 

340* 

355* 

299* 

317 

3x5 

347 

361 

336 

320 

355 

359 

281* 

334 

346 

406* 

392* 

384* 

The  criterion  establishes  the  fact  that  the  measurements  by  Ostwald 
and  by  Jones  lack  precision  and  contain  constant  errors  that  render  them 
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valueless  from  a  quantitative  standpoint  when  compared  to  those  by 
Kendall.  Further,  the  criterion  establishes  the  second  fact  that  the  errors 
m  X  and  \i  are  often  in  opposite  directions  since  the  value  for  "calculated" 
Xo  may  suddenly  jump  from  — ^468  to  +279  in  the  case  of  Ostwald's  meas- 
urements, or  from  — 1279  to  +434  in  the  case  of  those  by  Jones  (see  Table 
IV). 

The  fact  that  the  ionization  constants  calculated  from  the  measure-* 

'ments  of  Ostwald,  as  well  as  from*  those  by  Jones,  show  a  much  greater 

precision  than  the  corresponding  values  for  "calculated"  X©  must  be 

attributed  in  part  to  the  fact  that  there  is  a  compensation  in  the  errors 

of  X  by  those  of  Xo  since  the  previous  section  shows  that 

dk/k  ='  [(2X0  —  X)/(Xo  —  X)][dX/X  —  dXo/Xo]. 
In  other  words,  the  errors  in  X  and  Xo  must  be  in  the  same  direction 
so  that  dX/X  and  dXo/X©  have  the  same  sign.  Further,  fairly  large  differ- 
ences in  the  values  for  Xo  do  not  greatly  influence  the  value  for  the  mass 
law  constant  of  acetic  add.  These  facts  make  it  clear  that  the  use  of  the 
criterion,  "calculated"  Xo  is  much  more  sensitive  as  a  test  for  the  precision 
of,  and  of  constant  errors  in,  the  conductance  data  of  weak  electrol3rtes 
than  the  ionization  constant  and  that  its  use  is  indispensible  at  present, 
if  accurate  quantitative  conductance  data  of  such  electrolytes  is  desired. 

The  measurement  by  van't  Hoff  and  L.  Th.  Reicher  give  values  for 
"calculated"  Xo  which  fall,  as  a  rule,  dose  to  the  value  determined  by 
the  sodium  salt  method.  The  average  value  for  "calculated"  Xo  of  all 
the  calculations  from  the  dilution  37.07  to  that  of  9491.2,  neglecting 
those  marked  by  the  asterisks,  is  345  with  a  mean  error  of  ^  19  in  each 
value.  The  most  probable  value  for  this  quantity  by  the  salt  method 
is  not  far  from  352  at  19.  i**. 

Finally,  the  measurements  by  Kendall  (Table  I),  although  they  pos- 
sess satisfactory  predsion,  contain  constant  errors,  provided  the  mobility 
of  the  hydrogen  ion  at  25^  is  347,  as  maintained  by  Kendall  for  acetic 
add,  since  the  "calculated"  Xo  is  398  while  Kendall  chose  388  by  the  salt 
method. 

IV.  Application  of  the  Criterion  of  '^Calculated''  Xo  to  the  Conductance 

Data  of  Transition  Electrolytes. 

In  the  case  of  transition  electrolytes,  Kendall^  has  pointed  out  for  cyano- 

acetic,  o-chlorobenzoic,  (>-nitrobenzoic  adds,  etc.,  that  fairly  consistent 

values  for  their  ionization  constants  are  obtained  for  solutions  suffidently 

dilute,  provided  an, arbitrary  value  was  chosen  for  the  mobility  of  the 

hydrogen  ion  (347)  and  that  the  specific  conductance  for  the  conductivity 

water  was  not  greater  than  0.90  X  lo""*.    In  general,  it  is  believed 

that  all  electrolytes  approximate  very  accuratdy  the  mass  law  in  the 

^  See  reference  above. 
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Cyanoacetic  acid. 


Tabl«  V- 
o-Chlorobensoic  add. 


o-Nitrobenxoic  add. 


k 

X.    ^ 

rxi0^3 

f. 

X.     kl^^'xKr^ 

t. 

X.    kJ'^Vio-^. 

20.80 

96,2 

0.398 

150. 1 

134-6 

0.1293 

32 

1397 

6.72 

41.60 

127.I 

0.389 

300.2 

1740 

0.1286 

64 

179.0 

6.60 

83.20 

164.5 

0.381 

600.4 

218.0 

0.1284 

128 

221.0 

6.45 

166.4 

207.3 

0.375 

1 201.0 

262.6 

0.1284 

256 

265.0 

6.33 

33»^ 

253.4 

0.372 

2402.0 

302.1 

0.1279 

512 

303.6 

6.28 

665.6 

294-4 

0.372 

4804,0 

333.0 

0.1286 

1024 

333.5 

6.27 

I33i»0 

329.2 

0.372 

9608.0 

353.7 

0.1288 

2048 

353.6 

6.29 

2662.0 

353.2 

0.371 

00 

380.2 

4096 

365.3 

6.18 

5324.0 

368.3 

00 

379.2 

00 

385.9 

Cyanoacctic  add. 

o-Chlocobeosoic  add. 

o*Nltit4>eiisoic  add. 

pnutiont.  Xft. 

20.80  and      41.60  302.2 

83.20  350.1 

166.4  361.0 

332^  370.4 

665.6  377.5 

133 1. o  380.5 

2662.0  383.4 

5324.0  384.7 

41.60  and      83.20357.4 

166.4  366.6 

332.8  374.2 

665.6  379.8 

1331-0  382.8 

2662.0  384.2 

5324.6  385.2 

83.20  and    166.4  372.3 

332.8  378.1 

665.6  3824 

133 1.0  384.2 

2662.0  384.9 

5324.0  385.6 

166.4   and   332.8  381.6 

665.6  384,6 

133 1.0  385.4 

2662.0  385.5 

5324.0  385.9 

332.8    and    665.8  386.3 

13310  386.0 

2662.0  385.8 

5324.0  386.1 

665.8    and  1331.0  385.9 

2662.0  3858 

5324.0  386.1 

1331,0    and  2662.0  385.8 

5324.0  386.1 

2662.0  and  5324.0  386.3 


DUn^iont.      Xq. 

150.01  and  300.2  251.7 

600.4  348.9 
1 201.0  340.3 
2402.0  357.9 
4804*0  368.5 
96o8x>  374.2 

300.2  and  600.4  379-8 

1201.0  379.5 
2402.0  380.2 
4804.0  380.3 
9608.0  380.4 
600.4  ^Qd  1 201.0  380.4 
2402.0  379.7 
4804.0  380.3 
9608.0  380.4 

1 201.0  and  2402.0  379.4 
4804.0  380.3 
9608.0  380.4 

2402.0  and  4804.0  380.8 
9608.0  380.6 

4804.0    and  9608.0  380.5 


PUtttiotit. 

32  and  64 

128 

256 

512 

1024 

2048 

4096 

64  and  128 

256 

512 

1024 

2048 

4096 

128  and  256 

512 

1024 

204B 

4096 

256  and  512 

1024 

2048 

4096 

512  and  1024 

2048 

4096 

ro24  and  2048 

4096 

2048  and  4096 


Xo. 
356.1 
362.3 

367.4 
372.2 

375.5 

377.4 

378.0 

364.2 

369.3 

373.6 

376.3 

377 

378 

372 

375 

377 

378 

378 

377.3 

378.4 

379.0 

378.8 

379.1 

379.3 

379.0 

379.3 

378.9 

378.7 
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form  here  discussed,  if  measurements  can  be  made,  on  solutions  sufficiently 
dilute,  with  the  necessary  degree  of  accuracy.  It  is  interesting,  there- 
fore, to  apply  the  criterion  of  ''calculated"  Xo  to  such  electrolytes. which 
have  been  so  carefully  measured,  these  results  are  given  in  Table  V,  as  cal- 
culated from  the  data  given  by  Kendall.  .     , 

Since  Kendall  finds  that,  at  and  below  a  certain  concentration,  constant 
values  are  obtained  for  the  mass  law  constant,  it  would  be  expected  th^t 
a  similar  behavior  would  be  found  in  the  values  for  "calculated"  X^^ 
For  each  acid  given  in  Table  V,  it  is  seen  that  the  values  for  "calculated'' 
Xo  regularly  increase  to  a  constant  maximum  value.  This  increase  ,in 
value  should  be  steady  for  increasing  dilution  or  decreasing  concentratiop 
and  never  fluctuate  from  greater  to  lesser  to  greater,  etc.,  values.  If  such 
is  the  case,  the  criterion,  "calculated"  Xo»  demonstrates  the  lack  of  pre,-i 
dsion  due  to  errors  in  the  measurements.  The  extreme  sensitiveness 
of  the  criterion  detects  such  errors  even  in  the  very  accurate  data  of  Ken- 
dall for  (?-chlorobenzoic  acid  given  in  Table  V.  The  application  of  "cal- 
culated" Xo  as  a  test  of  the  precision  of  the  conductance  data  of  transi- 
tion electrolytes  is,  therefore,  obvious. 

To  detect  the  presence  of  constant  errors,  the  average  maximum  con-, 
stant  value  for  "calculated"  Xo  must  be  compared  with  the  value. for.  Xqi 
obtained  independently  by  the  salt  method  as  shown  under  Section  II. 
If  no  maximum  constant  value  is  obtained  in  any  given  case,  it  is  obvious 
that  the  conductances  of  more  dilute  solutions  must  be  measured,  but  for 
most  organic  electrolytes  it  will  be  unnecessary  to  measure  solutions 
more  dilute  than  0.0005  N*  -^  gniph,  obtained  by  plotting  Xo  as  oprdin- 
ates  against  the  dilution  as  abscissae  will  often  give  much  information 
concerning  what  dilutions  must  be  measured  in  order  that  constant  values 
for  "calculated"  Xo  may  be  obtained.  However,  this  graphic  method 
will  not  give  the  correct  value  for  "calculated"  Xo,  since  a  range  of  dilur 
tion  is  employed  in  its  calculation.  The  application  of  this  criterion  of 
constant  errors  to  the  data  of  Table  V  is  given  in  next  section. 

V.  A  Simple  and  Accurate  Method  for  the  Determination  of  the 
Molar  Conductance  at  Zero  Concentration  of  Organic  Electrolytes. 
In  Section  I  it  was  shown  that  electrolytes  of  the  strength  of  acetic 
acid  .obeyed  the  ideal  mass  law  in  the  form  k  »  CXV^(\>  —  ^)  for  all 
concentrations  below  0,02  N,  within  the  error  of  the  present  measure- 
ments. 

In  Section  II  it  was  shown  that  the  molar  conductance  of  such  electro- 
lytes at  zero  concentration  could  be  calculated  from  any  two  values  of 
its  molar  conductance  at  two  different  concentrations,  provided  such  con- 
centrations are  below  0,02  N,  with  the  same  degree  of  accuracy  with  which 
this  value  can  be  determined  by  the  salt  method,  and  in  fact  to  a  much 
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greater  degree  of  accuracy  if  no  choice  is  made  between  the  limiting 
values  338  and  365  for  the  mobility  of  the  hydrogen  ion  at  25*^  in  aqueous 
solution. 

In  Section  IV  it  has  just  been  shown  that,  assuming  the  ideal  mass  law 
to  hold  for  transition  electrolytes,  and  determining  the  values  for  "cal- 
culated" Xo  at  different  concentrations,  a  regularity  in  the  increase  in 
these  values  with  decreasing  concentration  was  obtained,  ceasing  in  a 
maximtmi  constant  value,  below  which  concentration  the  ideal  mass  law 
is  approximated  to  such  a  degree  of  accuracy  that  our  measurements 
can  detect  no  deviations.  Obviously  this  maximum  constant  value  for 
the  molar  conductance  of  the  electrolyte  must  be  identical  with  the  same 
value  obtained  by  the  salt  method  if  measurements  and  theories  are  cor> 
rect. 

From  Table  V  it  is  seen  that  for  cyanoacetic  add  that  the  last  thirteen 
values  for  "calculated"  Xo  are  practically  constant  and  are  the  maximum 
values  obtained.  In  fact  their  average  value  is  385 . 9,  while  a  mean  error 
of  ^o. 2  is  present  in  each  value.  The  value  chosen  by  Kendall  from  the 
salt  method  is  385 . 9  and  an  exact  coincidence  is  obtained,  as  must  be  the 
case  if  the  measurements  and  theories  are  accurate.  Similarly  for  a-chloro- 
benzoic  add  the  last  fourteen  values  for  "calculated"  Xo  are  constant 
and  maximum  in  value.  Their  average  maximum  value  is  380.3  while 
a  mean  error  of  =*=o.4  is  present  in  each  value.  Kendall  chose  for  this 
constant  380.2  by  the  salt  method.  For  c>-nitrobenzoic  add,  the  last 
eight  values  for  "calculated"  Xo  are  constant  and  maximum.  The  aver- 
age maximum  value  is  379.0  and  a  mean  error  of  ^0.2  is  present  in  each 
value,  while  the  salt  method  gives  the  value  379 . 2  according  to  Kendall. 
The  data  for  this  add  show  how  mudi  more  sensitive  the  criterion  "cal- 
culated" Xo  is  than  the  criterion  the  mass  law  constant  for  the  determina- 
tion of  the  approximation  of  an  electrolyte  to  the  ideal  mass  law,  but  less 
strikingly  than  the  calculations  given  in  Section  III. 

VI.  Mobility  of  the  Hydrogen  Ion  at  is"". 
Section  IV  shows  that  the  molar  conductance  at  zero  concentration  for 
any  organic  dectrolyte  may  be  determined  from  the  values  of  "calcu- 
lated" Xo  with  the  same  degree  of  accuracy  as  by  the  salt  method.  Since 
this  is  the  case  this  constant  may  be  freed  from  the  imcertainty  attached 
to  the  mobility  of  the  hydrogen  ion  when  it  is  determined  by  the  salt 
method.  However,  for  the  detection  of  constant  errors  in  conductance 
data  it  is  necessary  to  calculate  Xo  by  both  methods,  and  it  is  therefore 
necessary  to  know  the  velodty  of  the  hydrogen  ion  at  25**.  Kendall 
varied  the  value  for  this  constant  between  certain  limits,  choosing  that 
value  which  gave  Ihe  best  precision  in  the  values  for  the  ionization  con- 
stant of  the  dectroljrte  concerned,  which,  he  states,  is  "347.2  at  25** 
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with  a  maximtun  divergence  of  ^^0.4."  However,  he  did  not  always 
choose  the  correct  value  for  Xo  which  would  give  the  best  preoisum  in  the 
values  for  the  ionization  constant.  He  should  have  assumed  the  mai^ 
law  and  calculated  the  value  for  Xo  from  his  data,  as  has  been  done  in  this 
paper.  These  statements  are  supported  by  the  facts  given  in  Table  III 
for  acetic  add.  He  chose  387.7  as  the  molar  conductance  at  zero  con- 
centration for  acetic  add  while  his  data  gives  398,  which  would  mean  that 
the  mobility  of  the  hydrogen  ion  at  25  °  is  357  instead  of  347  as  he  claims; 
However,  for  the  other  electrolytes  considered  in  this  paper,  the  "calcu- 
lated" Xo  checks  within  the  experimental  error  the  Xo  value  obtained  by 
the  salt  method,  when  the  mobility  of  the  hydrogen  ion  is  taken  as  347. 
It  is,  therefore,  probable  that  the  data  given  by  Kendall  for  acetic  acid 
contains  constant  errors  which  accotmt  for  the  high  value  of  the  mobility 
of  the  hydrogen  ion,  obtained  from  the  same  by  the  calculation  of  the^ 
"calculated"  Xo.  At  present  it  would  seem  that  the  mobility  of  the 
hydrogen  ion  at  25°  is  347,  as  daimed  by  Kendall  and  others,  at  lea$t 
for  the  transition  dectrol3rtes. 

VII.  The  Application  of  the  Correction  for  the  Spedflc  Conductance 
of  the  Conductivity  Water  to  the  Conductance  Data  of 
Organic  Electrolytes. 
Since  the  ''calculated"  Xo  as  a  criterion  offers  a  method  for  the  d^ter* 
mination  of  the  accuracy  with  which  a  given  dectrolyte  approximates 
the  ideal  mass  law  in  the  form  here  discussed,  it  may  be  used  to  dedide 
whether  or  not  a  correction  for  the  specific  conductance  of  the  water  used' 
in  the  dilution  of  the  organic  add  should  be  affiled  to  the  conductance* 
data  of  such  adds.  The  method  is  simply  to  calculate  the  values 'for 
"calculated"  Xo  for  the  corrected  and  uncorrected  data  and  compare 
the  same  with  the  value  of  Xo  obtained  by  the  salt  method.  This  is  possi-^ 
ble,  since  the  water  corrections,  necessary  for  the  determination  of  Xo 
by  the  salt  method,  are  far  less  influential  than  in  the  '^calcu- 
Ijated"  Xo  values  and  do  not  affect  the  former  value  by  more  than  a  few 
tenths  of  a  per  cent,  at  the  most.  This  is  easily  seen  when  one  considers 
the  manner  in  which  the  Xo  value  is  obtained  by  the  salt  meliiod,. which 
necessitates  the  measurement  of  the  conductance  of  a  strong  add,  like, 
hydrochloric  add,  where  the  water  correction  is  far  less  influential  than 
in  the  case  of  a  weak  add  like  acetic  add,  and  of  the  conductance  of  a 
salt,  where  the  water  correction  is  a  large  factor.  But  the  mobility  of 
the  cation,  like  sodium  (51.2  at  25°),  so  obtained  is  additive  to  a  mtich 
larger  quantity,  that  of  the  mobility  of  the  hydrogen  ion  (347  at  25°), 
from  the  hydrochloric  add,  and  hence  does  not  need  to  be  known  with 
anything  like  the  acctu-acy  with  which  the  value  for  the  latter  must  be 
known. 
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The  same  facts  are  true  of  the  conductance  of  the  salt  of  the  organic 
add  at  zero  concentration  as  for  the  cation.  Hence  in  the  value  for  Xo> 
by  the  salt  method,  the  water  correction  is  of  slight  importance  in  com- 
parison to  this  value  when  calculated  from  the  ccmductance  of  the  organic 
acid.  Further,  the  question  of  the  implication  of  the  water  correction 
to  salts  has  been  fairly  well  agreed  upon  and  it  is  usually  applied,  so  that 
the  only  uncertainty  which  sturounds  this  correction  to  the  Xo  value  by 
the  salt  method  is  its  application  to  the  conductance  of  the  strong  add 
(hydrochloric  add),  from  whidi  the  mobiUty  of  the  hydrc^^en  ion  is  ob- 
tained, where  it  is  of  minor  influence,  however. 

The  very  accurate  work  of  Kendall  discussed  in  this  paper  shows  that 
no  water  correction  should  be  applied  to  his  data  upon  transition  electrolytes 
if  the  specific  conductance  of  the  water  is  less  than  o.g  X  lo"*,  since  his 
uncorrected  data  give  "calculated"  Xo  values  which  agree  with  the  values 
obtained  by  the  salt  method  with  an  accuracy  greater  than  o.  i%  in  the 
dilute  solutions.  Kendall  found  that  he  obtained  a  better  constant  for 
the  mass  law  using  his  uncorrected  data  and,  therefore,  diose  this  data 
as  the  most  accurate,  which  choice  is  justified  by  the  application  of  the 
criterion  "calculated"  Xo  in  this  paper. 

To  realize  what  influence  the  water  correcticm  has  upon  the  ionization 
constant  and  upon  the  criterion  "calculated"  Xo  the  following  tables 
have  been  compiled,  using  Kendall's  data  upon  acetic  add  discussed  in 
Section  I  of  this  paper.  In  Table  VI,  Column  I  gives  the  dilution  («) 
of  the  measurement,  II  the  corrected  specific  conductance  (LO*  HI  the 
corresponding  uncorrected  specific  conductance  (L**),  IV  the  percentage 
influence  of  the  water  correction,  V  and  VI  the  ionization  constants  fen: 
the  uncorrected  (kl)  and  corresponding  corrected  data  (^a).  Table 
VII  gives  the  "calculated"  Xo  values  for  the  corrected  (Xj)  and  corre- 
sponding uncorrected  (X^)  data. 

•  Table  VI  shows  that  the  uncorrected  data  for  the  conductance  of  acetic 
add  give  far  more  satisfactory  ionization  constants  than  the  corrected 
data  and  that,  even  though  the  water  correction  is  1.69%  .of  the  total 
uncorrected  specific  conductance,  it  should  be  entirdy  neglected  if  acetic 
add  approximates  the  mass  law  within  0.1%. 

Table  VII  shows  that  acetic  add  does  dosdy  approximate  the  mass 
law  and  the  correction  for  the  specific  conductance  of  the  water  should 
be  neglected  entirdy  for  all  concentrations  for  the  data  measured  by  Ken- 
dall. A  comparison  of  the  corrected  and  uncorrected  ionization  constants 
of  acetic  add  from  Table  VI  with  the  corresponding  corrected  and  uncor- 
rected values  for  "calculated"  Xo  from  Table  VII  shows  how  much  more 
sensitive  the  latter  values  are  as  a  criterion  of  the  precision  of  and  constant 
errors  in  the  conductance  data  for  weak  dectrol3rtes.    Numerous  other 
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TablB  VI. 

».       L* 

X  io«. 

iJ'  X  io«. 

I.H.O-                                         **j     X     ^^^ 

A  *  X  IV. 

13.57          4- 

476 

4.485 

0 

204                 1.845 

839 

2714          3. 

156 

3.165 

0 

284                 I. 851 

839 

54.28          2. 

218 

2.227 

0 

404                 1.849 

833 

108.56           I. 

555 

1.564 

0 

575                 1.849 

826 

2x7.1             I 

088 

1.097 

0 

820                 I. 851 

821 

434.2            0 

7561 

0.7651 

I 

17                   1.849 

804 

868.4            0 

5222 

0.5312 

I 

69                   1.850 

784 

1737.0            0 

3571 

0.3661(5) 

2 

46                   1.854 

754 

3474.0            0 

2406 

0.2496 

3 

60                   1.855 

706 

6948.0            0 

1592 

0.1682 

5 

35                   1.870 

639 

Tablb  VII 

CAlculftted  Xo. 

C«lcnl«tedX*. 

DUtttioB  fcriea. 

\*( 

»< 

DUutimi  fcriea. 

x:. 

xj. 

f  aod  fi. 

K- 

V 

•  andfi. 

13.57  and     27.14 

766 

443.0 

zo8.56and    217. i 

551 

338.6 

54.28 

449 

341.1 

434.2 

434 

303. a 

X08.56 

359 

319.6 

868.4 

414 

307.8 

217. 1 

416 

326.7 

1737.0 

408 

306.0 

434.2 

402 

313.8 

3474.0 

401 

302.2 

868.4 

399 

325.4 

6948.0 

403 

301.7 

1737.0 

399 

308.0 

217. 1  and     434.2 

379 

293.6 

3474.0 

396 

304.0 

868.4 

388 

300.3 

6948.0 

400 

302.8 

1737.0 

393 

301.7 

37.14  and     54.28 

348 

294  0 

3474.0 

392 

299  4 

108.56 

311 

296.0 

6948.0 

398 

300.0 

217. 1 

389 

314. 1 

434.2  and     868.4 

394 

304.9 

434.2 

384 

305.5 

1737.0 

398 

304.0 

868.4 

388 

313  4 

3474.0 

394 

300.4 

1737.0 

532 

304.6 

6948.0 

400 

300.5 

3474.0 

391 

301.7 

868.4    and  1737.0 

400 

303.3 

6948.0 

458 

301.3 

3474.0 

381 

299.2 

54.28  and    108.56 

290 

297.3 

6948.0 

40X 

299.9 

217. 1 

402 

320.4 

1737.0   and 3474.0 

390 

296.7 

434  2 

391 

306.7 

6948.0 

40X 

299.0 

868.4 

392 

306.4 

3474.0   and  6948.0 

409 

300.4 

1737.0 

395 

305.2 

Xe  by  the  salt  method 

- 

387.7 

3474.0 

393 

301.9 

6948.0 

399 

301.5 

measurements  in  this  laboratory,  which  will  be  published  shortly,  confirm 
Kendall  in  neglecting  entirely  the  correction  for  the  specific  conductance 
of  the  conductivity  water.  The  advantage  of  this  method  in  determining 
the  question  of  the  application  of  the  water  correction  is  that  it  is  applica- 
ble to  the  given  solution  of  a  weak  add  under  the  ordinary  conditions 
of  measurement  and  necessitates  no  other  procedure  than  a  simple  calcula- 
tion. 
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ELECTROLYTIC  ENDOSMOSE. 

By  HoRAcg  G.  Btsrs  and  Caxx«  H.  Waltsr. 
Received  August  26.  1914. 

In  1901,  F.  J.  Parker  presented  a  thesis  **In  Partial  Fulfilment  of  the 
Requirements  for  the  Doctor's  Degree,"  which  has  not  otherwise  found 
publication,  in  which  he  details  the  results  of  certain  experiments  with 
a  tripartite  cell  involving  electrical  endosmose.  These  xiesults  are  of  a 
character  which  held  a  high  degree  of  interest  for  one  of  the  present  writers 
and  have  led  tc^  the  present  investigation.  The  experiments  here  de- 
tailed represent  the  beginning  of  what  we  hope  may  develop  into  a  mudi 
more  extended  series  which  may  be  of  value.  We  shall,  therefore,  at- 
tempt to  present  first  an  historical  r&um6  of  the  subject  with  a  bibliog- 
raphy, which,  if  incomplete,  may  be  extended  in  subsequent  papers. 

Historical. 
.  Apparently  the  first  observation  of  electrical  endosmose  was  by  Reuss»^ 
who  observed  the  transfer  of  liquid  from  one  side  of  a  porous  day  mem- 
braiie  to  the  other  dming  the  process  of  electrolysis.  Similar  observa- 
tions were  made  by  Poiret,  Becquerel,  Armstrong  and  Daniels  with  other 
membranes.  The  first  careful  study  of  this  transfer  of  water  during 
electrolysis  was  made  by  Wiedman*  and  by  Quincke.'  The  general  re- 
sults of  these  observations  may  be  suramarized  as  follows: 

When  a  liquid,  separated  into  two  portions  by  a  porous  septum,  is  sub- 
jected  to  electrolysis,  the  flow  of  liquid  through  the  septum  is  proportional 
to  the  intensity  of  the  current,  the  specific  resistance  of  the  liquid  and  the 
thidcness  of  the  membrane,  and  inversely  proportional  to  the  porosity 
of  the  membrane.  The  direction  of  the  flow  with  electrolytes  is  generally 
with  the  cmrent,  i,  e,,  toward  the  cathode,  but  under  certain  circum- 
stances the  flow  is  contrary  to  the  current.  No  further  contribution 
to  the  experimental  side  of  the  subject  appears  to  have  been  made  until 
1898,  when  Alfred  Coehn^  showed  that  during  the  progress  of  endosmose 
the  Uquids  and  the  diaphragm  became  electrically  charged  and  in  dififer- 
ent  liquids  with  charges  of  opposite  sign. 

In  1900,  J.  C.  Olson*^  accidentally  encountered  electrical  endosmose 
in  the  preparation  of  permanganic  add  from  potassium  permanganate 
by  electrolysis,  using  a  porous  clay  cup  as  a  means  of  separation  between 
toode  and  cathode.  In  attempting  to  improve  upon  his  method,  F.  J. 
Parker*  made  use  of  two  cups,  one  containing  the  anode  and  the  other  the 

*  Mem,  de  la  Soc.  imp.  des  Nat,  de  Moscow,  11,  332  (1808). 
'  '  Pogg.  Ann.,  87,  321  (1852). 

*Ibid.,  107,  I  (1859);  xio,  38  (i860);  1x3,  513  {1861). 

*  Wied,  Ann,,  64,  217  (1898);  66,  1191  (1898). 

*  Am.  Chem.  J.,  33,  431  (1900). 

*  Johns  Hopkins  Dissertations,  1901, 
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cathode.     He  says:  ''Electrical  endosmose  in  these  experiments  proceeded 
simultaneously  in  both  cups  in  opposite  directions." 

In  1903-4,  Jean  Perrin*  published  an  exhaustive  account  of  many  ex- 
periments. In  these  he  used  very  thick  membranes,  10-12  cc.,  made  of 
a  large  variety  of  substances.  He  found,  in  general,  that  all  membranes 
behaved  alike  in  respect  to  the  charge  assumed  by  it  and  that,  in  general, 
the  direction  of  flow  of  water  during  electrolysis  was  with  or  against  the 
current  according  to  the  charge  assumed  by  the  membrane.  Apparently 
this  charge  was  positive  or  negative  according  as  hydrogen  or  hydroxyl 
ions  were  in  excess  in  contact  with  the  membrane. 

In  1902,  Reed,'  in  a  paper  designed  to  point  out  errors  in  the  determina- 
tion of  migration  ratios,  called  attention  to  a  case  of  endosmose  in  whidi 
the  solvent  migrated  toward  neither  electrode  but  apparently  away 
from  both.  Certain  experiments  with  the  apparatus  designed  by  him 
are  described  in  this  paper. 

Bancroft'  advances,  in  a  discussion  of  the  work  of  both  Perrin  and 
Reed,  an  explanation  of  endosmose  which  is  essentially  that  the  direc- 
tion of  flow  is  determined  by  the  relative  adsorption  of  the  ions  of  great- 
est concentration. 

It  will  be  observed  that  in  the  explanations  offered  by  Wiedeman, 
Perrin  and  Bancroft,  note  is  taken  of  the  electrical  charges  on  the  porous 
septa.  No  explanation  is  ftunished  for  the  transfer  of  water  through 
the  septa.  It  does  not  appear  to  have  been  realized  that  water  may  be" 
transmitted  through  septa,  under  varied  conditions,  either  with  or  against 
the  direction  of  the  current,  in  both  directions  at  the  same  time;  or  away 
from  both  electrodes.  In  this  paper  instances  of  all  these  kinds  are  de- 
scribed and  also  an  instance  where  it  is  apparent  that  water  not  only 
migrates  with  the  ciurent  but  flows  more  rapidly  away  from  the  anode 
than  to  the  cathode. 

Before  presenting  the  experiments,  we  also  desire  to  call  attention 
to  the  work  of  Washburn,  which  itself  presents  a  summary  of  previous 
work  on  the  hydration  of  ions.  In  his  paper  Washburn*  demonstrates 
that  water  is  carried  with  the  cathions  of  hydrogen  and  the  alkali  metals 
into  the  cathode  chamber  of  a  migration  ratio  apparatus  specially  de- 
signed for  the  investigation.  This  Washburn  takes  to  be  a  demonstra- 
tion that  these  ions  are  hydrated.  The  work  of  Washbiu^  was  repeated 
in  this  laboratory  and  the  observations  extended  to  the  chlorides  of  the 
alkaline  earth  metals.* 

*  Compt.  rend.,  137,  513  (1903);  J.  chitn.  phys.,  2,  601  (1904). 

*  Trans.  Am,  EUctrochem,  Soc,  a,  238  (X902). 
^Ihid,t  21,  233  (1912). 

*  This  Journal,  31,  322  (1909)- 

*  The  work  has  not  been  published  except  as  a  Master's  thesis  by  J.  M.  McGee. 
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Bartell^  in  an  ardde  on  negative  osmose,  describes  a  series  of  experi- 
ments in  which  he  obtains  concentration  of  solutions  by  transfer  of  water 
through  clay  membranes  into  the  pure  solvent.  The  bearing  of  these 
papers  on  the  subject  of  the  paper  will  be  pointed  out  in  our  conclusions. 

Before  passing  by  the  literature  of  the  subject,  attention  may  be  called 
to  the  fact  that  industrial  application  of  endosmose  is  being  attempted 
and  the  various  plans  are  covered  by  patents  among  which  are  German 
patents  124,509,  128,085,  239,649,  and  English  patents  3,364  and  11,626. 

Exporimontal* 
In  the  experiments  described  below,  the  apparatus  first  used  was  a 
simple  tripartite  cell,  consisting  of  two  battery  cups  of  ordinary  type, 
set  in  a  battery  jar,  and  kept  about  a  quarter  of  an  inch  apart  (Pig.  i). 

In  each   cup   was 
placed  a  platinum 
electrode  100  X  50 
^  mm.  and  an  inter- 
mittent syphon,  so 
that  any  rise  in  the 
level  of  the  liquid 
would   cause    an 
overflow    into    a 
suitable  graduated 
vessel.    Before  be- 
ginning an  experi- 
ment,   the    whole 
apparatus  was  filled 
with    the    solution 
to  be  examined  and 
when  in  the  course 
of    an    experiment 
the  level  of  liquid 
in  the  battery  jar 
tended  to  fall  ma- 
terially, its  level  was  maintained  by  addition  of  the  original  solution  from 
a  reservoir  through  a  dropping  siphon.    In  this  apparatus  nine  solutions 
and  a  total  of  twenty-two  experiments  were  performed.    The  results  are 
given  in  Table  I. 
Attention  is  directed  to  the  following  points  illustrated  by  the  table: 
The  first  four  experiments  show  the  verification  of  Parker's  work,  and 
that  both  anode  and  cathode  flow  takes  place  at  various  dilutions.    The 
walls  of  both  cups  become  more  or  less  clogged  with  reduction  products 
of  the  permanganate.    Similarly,  flow  in  both  directions  occurs  with 
*  This  Journal,  36,  646  (1914). 
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potassium  perchlorate.  When  sodium  chloride  is  used  na  anode  flow 
takes  place  at  first,  and  indeed,  in  one  experiment  for  three  hours,  while 
at  the  end  of  the  experiment  the  anode  flow  is  approximately  five  drops 
to  one  at  the  cathode.  It  is  probable  that  perchloric  acid,  formed  at  the 
anode,  is  the  cause  of  the  flow  but  no  attempt  was  made  to  determine  its 
quantity. 

Copper  sulfate  shows  no  tendency  toward  flow  toward  either  cathode 
or  anode,  but  at  the  end  of  fifteen  minutes  the  current  automatically 
disconnected  itself,  due  to  recession  of  liquid  from  both  cups.  Copper  ni- 
trate shows  lowering  of  level  in  the  cathode  compartment  alone. 

Since  in  all  the  previous  cases  the  electrolysis  caused  considerable  rise 
of  temperature,  in  the  next  case  (ii)  the  solution  of  sodium  sulfate,  hy- 
drated,  was  kept  in  a  cold  water  bath  to  prevent  decomposition  of  the  hy- 
drate. Yet  under  these  circumstances,  as  well  as  where  the  temperature 
was  allowed  to  rise,  only  slight  cathodic  flow  is  to  be  observed.  In  Expt. 
^  13,  with  a  saturated  borax  solution,  within  eight  minutes,  the  solutions 
had  receded  from  the  anode  cup  so  rapidly  as  to  break  the  circuit,  indi- 
cating a  flow  of  about  100  cc,  while  an  increase  of  only  10  cc.  had  taken 
place  in  the  cathode  cup.  This  seemed  a  good  case  with  which  to  ascer- 
tain whether  acidity  causes  anodic,  and  alkalinity,  cathodic  flow.  E^t. 
14  was  conducted  exactly  as  thirteen  except  that  in  the  anode  cup  was 
placed  a  mixture  of  borax  solution  and  concentrated  sulftuic  add.  No 
change  in  the  level  of  the  anode  cup  was  observed,  though  500  cc.  passed 
from  the  battery  jar  into  the  cathode  cup. 

Experiments  with  potassiiun  alum  (15,  16,  17,  18)  show  very  interest- 
ing variations.  In  a  saturated  solution  there  occurred  a  very  slight 
cathodic  flow  and  then  a  fall  in  both  cups,  though  in  neither  to  an  extent 
to  disconnect  the  current.  The  cathode  cup  became  coated  on  the  oui- 
side  with  a  deposit  of  aluminium  hydroxide  and  finally  showed  a  static 
charge  of  sufficient  intensity  to  give  sparks  when  touched  above  and 
below  the  liquid  surface.  This  is  evidently  a  marked  case  pf  stenol3rsis. 
With  the  formation  of  the  hydroxide  the  resistance  rises  markedly  with 
consequent  fall  of  ciurent. 

With  o.ooi  N  alum  solution,  the  solution  fell  at  first  in  both  cups  and 
then  began  to  rise,  but  while  the  anode  cup  slowly  overflowed  no  rise  took 
place  in  the  cathode  cup  for  six  hours,  after  which  it  flowed  so  rapidly 
that  in  two  and  a  half  hours  more  the  total  flow  exceeded  that  of  the  anode. 
Seventeen  and  eighteen  are  attempted  duplicates  of  sixteen. 

In  several  experiments  not  included  in  the  table,  the  acidification  of 
the  cathode  cup  with  dilute  sulfuric  acid,  stopped  the  flow,  while  making 
it  alkaline  increased  it.  Acidification  of  the  anode  cup  had  the  opposite 
result. 

In  the  experiments  with  ferric  chloride,  uniform  results  are  secured 
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and  only  anodic  flow  is  noted.  Yet  the  flow  from  the  cathode  qup  is  30 
marked  that  to  keep  from  disconnecting  the  current  solution  must  be 
continually  added.  In  Expt.  19,  220  cc.  were  added  to  the  cathode 
while  only  20  cc.  passed  into  the  anode  cup.  The  iron  deposited  at  the 
cathode  was  apparently  pyrophoric.  In  Expt.  21,  with  only  90  m.  amp. 
ctunrenti  no  flow  occurs  in  either  cup.  In  Expt.  22,  while  only  45  cc. 
overflow  occurs  in  the  anode  cup,  280  cc.  had  to  be  added  to  the  cathode. 

Manganese  chloride  and  magnesiimi  chloride  also  show  only  negative 
flow,  and  from  the  'cathode  cup  in  excess  of  that  into  the  anode  cup.  The 
results  due  to  formation  of  oxides  were  variable  and  no  definite  figures 
are  given. 

In  order  to  study  these  phenomena  more  closely,  two  pieces  of  apparatus^ 
were  prepared  as  illustrated  in  Fig.  2.    The  membranes  were  made  of 


Fig  2. 

ordinary  unglazed  plates  and  were  grotmd  to  a  thickness  of  2  mm.  Each 
compartment  was  provided  with  an  automatic  overflow  by  tubes  held*  in 
position  by  rubber  tubing.  The  whole  apparatus  was  placed  in  a  trough 
through  which  tap  water  was  continually  running.  The  electrodes 
>  After  Reed,  Loc,  cU. 
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were  either  coiled  platinum  wires  or  platinum  plates  inserted  in  rubber 
stoppers.  In  running  this  apparatus  the  chief  difficulty  is  caused  by 
stenolytic  deposits  in  the  plates,  the  removal  of  which,  with  assured 
completeness,  is  nearly  impossible.  In  detailing  experiments,  the  com- 
partments are  numbered  from  the  anode  end. 

One  experiment,  which  could  not  be  duplicated,  has  special  interest. 
The  apparatus  was  filled  with  a  satiurated  alum  solution  and  electrol3rsis 
begun  with  a  current  of  30  m.  amp.  and  120  volts.  A  miniature  tidal 
wave  moved  from  compartment  one  through  two  until  six  was  reached, 
a  small  overflow  taking  place  in  each.  The  tide  then  turned,  and  start- 
ing from  six,  the  wave  flowed  back,  filling  each  partly  emptied  compart- 
ment, until  "one"  was  again  full.  The  wave  then  started  on  the  re- 
verse path,  but  the  double  turn  had  consumed  about  ten  hours  and, 
due  to  stenol)rtic  deposit,  the  current  had  fallen  to  5  m.  amps,  and  the 
transfer  of  liquid  was  very  slow.  The  experiment  was  discontinued 
and,  when  repeated,  similar  results  were  not  obtained. 

The  results  obtained  with  this  apparatus  verified  in  general  those  ob- 
tained in  the  tripartite  cell.  A  careful  study  wais  made  of  the  behavior 
of  ferric  chloride.  Overflow  took  place  as  indicated  in  Table  II,  in  four 
series  of  experiments.  In  Series  i,  2  and  3,  the  solution  was'ferric  chloride 
of  specific  gravity  i  .070  and  in  4  the  same  solution  diluted  ten  fold. 

Tabui  II, 

Time.  1.  2.  3.  4.  5.  6.  Comnt. 

Bxpt.  Hours.  Cc.  Cc.  Cc.  Cc.  Cc.  M.  a. 

1 7  5.0  I  0.6  1.8         I^.O  O  325 

2 5V4  9.0  o  0.4  1.3  7-0  O  325 

3 7  6.0         o  o         0.8        20.0         o  325 

4 5  10. 0  I  2.0  1.5  16.0  O  150 

The  plate  between  compartments  5  and  6  showed  granular  nodules  of 
metallic  iron  on  the  side  toward  the  anode  pole.  There  was  also  libera- 
tion of  chlorine  from  compartments  5  and  6  as  well  as  from  i.  These  re- 
sults are  clearly  due  to  stenolytic  decomposition.  Considerable  color 
change  also  accompanied  the  process  of  electrolysis  as  is  to  be  expected, 
but  apparently  no  connection  exists  between  the  color  and  iron  content 
No  attempt  was  made  to  determine  the  relative  quantities  of  ferrous 
and  ferric  iron.  At  the  end  of  each  nm  the  contents  of  each  compartment 
were  withdrawn  and  added  to  the  overflow,  if  any.  The  iron  from  com- 
partments 5  and  6  was  dissolved,  except  as  noted  in  the  table,  and  also 
added.  The  total  quantity  of  iron  in  each  compartment  liquid  was  then 
determined,  after  reduction  with  stannous  chloride,  by  titration  with 
permanganate.  The  results  are  indicated  in  Table  III,  calculated  per 
cc.  Off  solution.  The  value  of  the  original  solution  in  iron  is  0.03498 
gnfllLlI^  cc.  for  I,  2  and  3  and  0.003498  for  No.  4. 
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Conp.  Ron  1.  Run  2.                    Ritn  3.                    Ran  4. 

1 0.0187488  0.016202  0.0169633  0.0024552 

2 0.031649  0.045756  0.0308016  0.0035712 

3 0.0316154  0.0310248  0.0319396  0.0036828 

4 0.0305226  0.0325314  0.0319396  0.003906 

5 *.  0.023591*  0.0275652  0.0325872  0.0040176 

6 0.040979  0.0479322  0.0465372  0.0074772' 

A  set  of  readings  of  galvanometer  deflections  produced  when  the  in* 
strument  was  connected  with  wires  leading  from  opposite  sides  of  each  of 
the  plates  was  also  taken,  for  experiment  marked  above,  Run  i,  but  aside 
from  indicating  that  the  opposite  sides  of  each  plate  had  different  poten- 
tials at  the  end  of  the  experiment,  no  value  is  to  be  attached  to  the  same 
and  the  data  obtained  are  omitted. 

Summary  and  Condusions. 

The  following  facts  are  illustrated  by  the  foregoing  experiments: 

1.  Endosmose  is  capable  of  producing  flow  of  electrolytes  in  the  direc* 
tion  of  the  current,  in  the  opposite  direction  and  in  both  directions  at  the 
same  time. 

2.  In  certain  cases  the  flow  of  electrol3rte  is  away  from  both  electrodes 
and  also  may  be  more  rapid  away  from  one  than  to  the  other;  in  either 
case  the  content  of  the  middle  compartment  of  a  tripartite  ceQ  is  in* 
creased. 

3.  In  the  six-compartment  cell  the  change  in  volume  is  not  confined 
to  the  anode  and  cathode  compartments,  but  varies  in  the  other  compart- 
ments in  an  apparently  erratic  manner. 

4.  The  quantity  of  water  transported  is  clearly  affected  by  the  dihi- 
tion  of  the  electrolyte. 

5.  When  day  membranes  are  used,  the  endosmose  is  complicated  by 
stenolysis. 

Par-reaching  condusions  of  a  theoretical  nature  are  not  to  be  drawn 
from  the  meager  data  submitted  in  this  paper  and,  since  there  seems  to 
be  a  more  or  less  intimate  connection  between  these  observations  and 
the  questions  of  molecular  and  ionic  hydration  in  solution,  negative  os- 
mosis and  migration  ratios,  as  well  as  the  question  of  endosmose  itself, 
the  work  will  be  continued  in  the  hope  that  more  accurate  and  valuable 
results  may  be  obtained. 

In  the  meantime  it  does  not  appear  dear  to  the  writers  how  electrical 
charges  upon  the  plates  induced  by  var3dng  degrees  of  ion  adsorption 
or  otherwise  accounts  for  the  traversal  of  the  plates  by  water. 

Utarrssstrr  oy  Wasbinqtok. 
SSATTLS.  Wash. 

*  Iron  on  electrode  not  dissolved. 
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THERMOELEMENTS  OF  PRECISION,  ESPECIALLY  FOR 
CALORIMETRT. 

By  Waltsr  p.  Whitb. 
Received  September  21,  1914. 

The  advantages  of  the  thermoelement  for  calorimetry  and  similar 
work  of  high  precision  have  been  briefly  stated,  and  the  design  and  ar- 
rangement of  the  potentiometer  and  other  auxiliary  apparatus  have  been 
described  in  other  papers  of  this  series.^  The  construction  and  use  of  the 
thermoelement  itself  are  simple  matters,  yet  variations,  apparently  slight, 
in  design  or  procedure  may  make  great  differences  in  the  labor  required 
or  the  success  attained.  The  present  paper  aims  to  treat  these  details 
more  expUdtly  than  has  yet  been  done,  as  well  as  to  present  some  new 
material. 

The  thermoelement  is  merely  a  bundle  of  suitably  connected  wires, 
and  the  only  problems  presented  by  its  construction  concern,  first,  the 
quality  of  the  wires,  and  second,  their  insulation  and  protection. 

L  Multiple  Elements. 

The  simplicity  of  the  thermoelement  has  this  consequence :  that  it  is  about 
as  easy  to  have  a  considerable  number  of  wires  with,  of  course,  a  corre- 
sponding gain  in  sensitiveness,  as  to  use  a  single  pair.  The  use  of  many 
junctions  has  indeed  been  the  rule  in  thermoelectric  apparatus  generally, 
but  in  thermometric  work  it  has  been  customary  to  employ  a  single  coupk, 
and  the  use  of  more  has  often  been  regarded  as  a  matter  for  special  men- 
tioa*^  Convenience  evidently  dictates  exactly  the  opposite  procedure; 
it  is  the  single  couple  which  should  not  be  used  without  spedal  reason. 
The  number  of  couples  which  can  be  installed  as  easily  as  one  will  gener- 
ally be  from  four  to  twelve,  according  to  circumstances;  with  thermo- 

]  TaisJomvAi,,  36, 1359*  187^*  201 1  (1914)- 

*  Nomenclaiure, — The  classic  division  of  all  thermoelectric  apparatus  into  thermo- 
couples and  thermopiles  is  unfortunate.  It  classes  together  instruments  of  widely 
differeiit  nature  and  use,  and  lays  a  most  inconvenient  emphasis  on  the  usually  tf  ivial 
distinction  which  comes  from  the  number  of  parts.  A  "thermopile' '  is  still  a  thermo- 
pile, whether  it  does  the  work  of  a  djoiamo,  of  a  radiometer,  or  of  a  thermometer,  but  it 
must  change  and  become  a  "thtrmocquple*'  whenever  a  single  pair  of  metals  happens  to 
be  used.  What  is  wanted  is,  evidently,  to  have  terms  each  of  which  applies  to  the  instru- 
ments of  one  kind  and  applies  to  all  of  them.  The  term  "Thermoelectric  Thermom- 
eter," analogdns  to  "Resistance  Thermometer,"  is  such  a  term.  Its  length,  however, 
seems  likely  to  prevent  its  general  adoption;  it  will  scarcely  displace  the  wonl  "thenno- 
Qouple"  in  cases  where  the  latter  is  now  propetly  in  use.  But  the  general  practice  of 
using  a  single  pair  of  metals  for  thermometric  work  has  brought  it  about  that  while 
the  Wofd  thermopile  naturally  suggests  other  than  thermometric  uses,  the  term  thermo- 
element suggests  nothing  else.  It  therefore  seems  practicable  to  use  "thermoele- 
ment," as  a  familiar,  intelligible  and  convenient  synonym  for  "Thermoelectric  Ther- 
mometer." "Multiple"  and  single  thermoelements  can  then  be  discriminated  (when 
necessary)  without  concealing  their  essential  similarity. 
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elements  of  from  25  to  100  couples,  the  very  great  precision  reached  is 
obtained  at  the  cost  of  some,  not  serious,  inconvenience. 
n.  Quality  of  the  Wire. 

The  thermoelement,  in  itself,  has  only  two  sources  of  error:  defective 
insulation,  and  inhomogendty  of  the  wires  composing  it.  Of  these, 
inhomogeneity  is  of  coturse  the  only  one  peculiar  to  the  thermoelement. 
Formerly  a  frequent  cause  of  serious  error,  and  stiU  troublesome  at  very 
high  temperatures,  it  can  easily  be  rendered  harmless  in  calorimetric 
and  similar  work.  To  this  end,  however,  it  is  of  course  well  that  the 
maker,  and  to  some  extent  the  user,  of  the  thermoelement  should  under- 
stand the  nature  of  the  effect  which  inhomogeneity  produces. 

J.  General  Law  of  the  Inhomogeneous  Thermoelement, — ^From  the  ele- 
mentary facts  of  the  thermoelectric  circuit,  it  follows  that  any  thermo- 
element may  be  taken  as  equivalent  to  a^number  of  similar  but  shorter 
ones  placed  end  to  end,  each  meastuing  the  temperature  difference  be- 
tween its  own  terminals.*  The  most  effective  of  these  partial  thermo- 
elements, that  is,  the  effective  portions  of  the  real  thermoelement,  will 
then  be  those  lying  in  the  steepest  tempera- 
ture gradients.  Thus  in  Fig.  i,  if  A  B  C  D 
E  represents  the  temperature  distribution 
along  the  thermoelement  abode,  the  re- 
sulting electromotive  force  (that  is,  the 
reading)  will  depend  mainly  on  the  quality 

of  the  wire  he,  lying  in  the  gradient  B  C;    «,. _ ■  , 

the  portions  06  and  c^  will  have  only  a  sec-  ^  ^  ^ro^tto 

ondary  effect.    //  ike  gradient  shifts  from  B  C  ^i«- '  • 

to  C  D  the  effective  thermoelement  will  be  changed;  it  will  be  no  longer  the 
portion  bcbutcd. 

It  follows  that  a  thermoelement  will  be  strictly  constant  if  it  is  either 
perfectly  homogeneous,  so  that  its  various  portions  may  be  indifferently 
substituted  for  each  other,  or  else  is  always  used  with  the  temperature 
gradients  in  the  same  places;  and  evidently,  if  both  these  conditions  are 
partly  fulfilled  neither  will  need,  in  practice,  to  be  fulfilled  completely. 
This  is  emphatically  the  case  with  calorimetric  thermoelements,  where 
the  original  quality  of  the  wire  is  often  sufficient  in  itself  to  give  all  needed 
precision,  and  where  the  gradients  are  also  very  steady. 

It  also  follows  that  in  any  thermoelement  the  quality  of  the  wire  not 
in  the  temperatiu-e  gradients  is  of  less  or  no  importance.    This  nearly 
always  applies  especially  to  the  portions  near  the  junctions,*  a  point  of 
^  The  demonstration  occurs  in:    "The  Thermoelement  as  a  Precision  Thermom- 
eter," Walter  P.  White,  Phys.  Rev.,  31,  135-40  (1910). 

<  Since  there  cannot  be  any  considerable  temperature  gtadl^t  near  the  junction,  if 
the  junction  is  to  be  at  the  temperature  of  the  medium  whose  temperature  is  beinf 
measured. 
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great  practical  importance  which  has  often  been  overlooked  by  users  of 
thermoelements. 

2.  Inhomogeneity  in  Particular  Cases. — ^The  way  in  which  inhomo- 
geneity  may  affect  different  forms  of  the  thermoelement  is  easily  seen 
from  the  above. 

(a)  Thermoelement  Wholly  within  the  Jacket. — ^The  simplest  arrange- 
ment is  where  the  thermoelement  is  wholly  inside  the  calorimeter  jacket, 
and  nms  to  a  second  calorimeter.  The  total  temperature  gradient  is 
th^  no  greater  than  the  temperature  change  which  is  to  be  meastured. 
This  gradient  will  always  be  at  about  the  same  place  on  the  thermoelement; 
at  the  worst  it  will  not  shift  by  more  than  one-fourth  its  own  length. 

• ±- "— — -y    that  is,  from  oc  to  W  in  Fig.  2. 

CL         O  C         CL   Tiiis  is  evidently  equivalent  to 

F»K-  2 .  shifting  one-fourth  of  the  gradient 

from  ob  to  cd^  leaving  three-fomths  unchanged  in  6c.  K  we  suppose  that 
the  maximum  variation  in  thermoelectric  quality  is  100  per  million — a  high 
value  with  present  methods  of  construction — and,  moreover,  that  all  of  it 
exists  between  a  and  c,  the  imcertainty  due  to  the  shift  of  the  gradient 
would  he  one-fourth  of  o.oooioo,  or  0.000025. 

It  is  worth  noting  that  the  absolute  value  of  this  error  would  diminish 
with  the  interval.  A  resistance  thermometer,  for  instance,  which  when 
at  its  best  reads  to  0.0001°,  would  indicate  an  interval  of  4**  as  accur- 
ately as  this  rather  inferior  thermoelement,  and  a  larger  interval  more 
accurately,  but  for  an  interval  of  only  0.1°,  while  the  precision  obtained 
with  the  resistance  thermometer  would  have  fallen  to  i  per  mille,  the  ther- 
moelement would  still  be  good  for  0.025  per  mille  (or  0.0000025°)  as  far 
as  any  error  due  to  inhomogeneity  is  concerned,  and  would  be  limited 
practically  only  by  the  delicacy  of  the  electrical  reading. 

(6)  Thermoelement  Partly  Outside  the  Jackets. — If  the  middle  of  the 
thermoelement  is  directly  exposed  to  the  air  of  the  room,  there  will  be  at 
each  end  of  the  exposed  portion  a  gradient  whose  value  will  change  as  the 
room  temperature  changes.  If  the  wire  lying  in  these  two  gradients 
differs  in  quality,  any  change  of  room  temperature  occiuring  during  a 
determination  will  cause  an  error.  If  this  error  seems  likely  to  be  appre- 
ciable it  can  easily  be  prevented  by  shielding  the  exposed  (horizontal) 
portion  of  the  thennoelement  with  an  inverted  trough  of  sheet  copper, 
which  straddles  it  and  dips  into  the  jacket  water  on  each  side.  With 
such  a  temperature-controlling  shield  made  of  copper  0.8  nun.  thick, 
reaching  36  mm.  above  the  water  and  14  mm.  wide  at  the  top,  the  maxi- 
mum variation  from  the  temperatiu-e  of  the  water  was  only  0.04  of  the 
difference  between  water  and  air.  When  two  such  pieces  of  copper  were 
used,  one  over  the  other,  separated  by  a  little  blotting  paper,  the  maximum 
variation  on  the  inner  one  was  below  0.02  of  the  water-air  difference. 
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With  this  simple  arrangement  in  use,  th^i,  the  room  temperature  would 
have  to  change  over  40°  m  order  to  produce  an  error  of  o.oooi  °,  even  with 
the  rather  inferior  thermoelenvent  supposed  above.  With  full  exposure 
of  the  middle  of  the  thermoelement  to  the  open  air,  however,  a  change 
of  3°  in  room  ten^erature  might  produce  an  appreciable  effect  in  any 
but  the  most  homogeneous  thermoelement.  Hence  such  an  exposure 
should  not  be  practiced  in  work  of  high  precision,  particularly  since  the 
prevention  of  it  i^  so  very  easy. 

(c)  ThermoelemetU  with  Ice  Bath. — If  one  end  of  the  thermoelement,  in- 
stead of  being  in  a  second  calorimeter,  is  in  an  ice  bath,  there  wiU  be  in- 
troduced a  gradient  of  20^  or  so,  with  an  error  in  case  the  gradient  shifts 
which  may  possibly  be  o.ooi°  but  moace  probably  as  low  as  0.0002 ^ 
To  avoid  this  ^rx(^,  time  must  be  allowed  for  equiUbrium  to  set  in  after 
inserting  the  thermoelement.  After  that,  changes  due  to  inhomogeneity 
will  be  very  sUght  and  slow,  and  probably  no  greater  than  those  which 
may  result  from  small  changes  in  the  temperature  of  different  portions  of 
the  bath  itself.  But  the  ice  bath  is  not  recommended  for  calorimetric 
w<^  of  the  highest  precision,  and  it  is  one  important  advantage  of  the 
methods  here  presented  that  they  avoid  its  use. 

(d)  Adiabatic  and  Non-adiabatic  Methods. — ^In  adiabatic  methods  the 
gradient  occurs  at  the  outer  edge  of  the  jacket.  If,  therefore,  the  same 
arrangement  is  used,  sometimes  for  adiabatic  and  sometimes  for  non- 
adiabatic  methods,  the  effective  thermoelement  is  not  the  same  in  the 
two  cases,  and  the  results  may  differ  a  Uttle.  The  difference,  however, 
is  usually  quite  n^igible  and  is,  moreover,  easily  determined,  but  the 
possibility  of  its  occurrence  should  not  be  wholly  overlooked. 

J.  Selection  and  Testing  of  Wire. — Commercial  copper  wire  is  suffi- 
ciently homogeneous  for  precision  thermoelements.  Methods  have  been 
described  for  arranging  inferior  constantan  wire  so  as  to  secure  a  very  satis- 
factory resultant  homogeneity.^  These  effective  but  relatively  laborious 
methods  are  no  longer  necessary.  Our  study  of  this  earlier  wire  con- 
vinced us  sometime  ago  that  the  production  of  satisfactorily  homogeneous 
constantan  wire  was  easily  possible,  as  soon  as  any  manufacturer  should 
become  sufficiently  interested  to  undertake  it.  The  Electrical  Alloy 
Company,  of  Morristown,  N.  J.,  at  our  request,  have  furnished  several 
samples  of  "  specially  annealed"  wire*  which  confirm  this  view.  Although 
the  200  meters  and  more  which  have  been  tested  contain  a  few  (relatively) 
bad  spots,  they  consist  mainly  of  continuous  stretches  of  wire  varying 
less  than  0.0007  in  thermoelectric  power  against  copper  and  therefore 

» "The  Constancy  of  Thennodemcnts/'  Walter  P.  White,  Phys.  Rn.,  23,  470 
(1906);  "The  Theraiodement  as  a  Precisioo  Thermometer/'  Loc,  cii.,  140-43. 

*  Their  trade  name  is  "Ideal/'  but  the  wire  is  practically  the  same  as  Constantan 
(40%  nickel). 
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good  enough  to  make,  without  any  further  selection  or  arrangement, 
thermoelements  precise  to  better  than  one-ten-tfaousandth.^ 

It  is  of  course  possible  that  an  occasional  spool  might  consist  mainly  of 
inferior  wire.  If  three  samples  distributed  through  a  spool  are  all  inferior 
it  will  probably  be  best  to  send  for  another  spool,  since  the  cost  of  the 
untested  wire  is  a  trifle.  In  general,  however,  judging  by  past  experience, 
the  chances  are  over  lo  to  i  that  any  particular  30-meter  length  will  con- 
tain much  good  wire,  and  work  now  in  progress  will  probably  soon  render 
the  situation  still  more  satisfactory.*  Meanwhile,  tiie  testing  of  enough 
wire  for  a  very  sensitive  thermoelement  will  seldom  prove  long  or  laborious. 

4,  Sizes  of  Wire. — In  general,  it  is  desirable  that  the  thermal  conduct- 
ance of  a  thermoelement  should  be  small,  the  electrical  conductance  large. 
It  is  easy  to  show  that  the  ratio  of  electrical  to  thermal  conductance 
is  a  maximum  when  the  ratio  of  the  cross  sections  of  the  two  kinds  of 

wire,  I  and  2,  equals  -v/— \  where  a  is  the  electrical,  ic,   the  thermal, 

conductivity.  For  copper  and  constantan  this  calls  for  a  ratio  of  about 
21 .4  to  I  at  18°.  A  somewhat  smaller  ratio  will  do  nearly  as  well,  if  it  is 
desirable  for  mechanical  or  other  reasons,  but  it  is  clear  that  very  ineffi- 
cient ratios  have  often  been  used.  For  the  constantan,  o .  25  mm.  diam- 
eter (No.  30  B  &  S)  is  about  the  most  convenient  size  in  the  great  majority 
of  cases. 

5.  Method  of  Testing. — ^The  essential  feature  of  all  metJiods  of  testing 
wire  thermoekctrically  is  to  heat  (or  cool)  successively  various  portions 
of  the  wire,  and  observe  the  electromotive  force  produced.  This  electro- 
motive force  at  any  instant  measures  the  difference  in  thermoelectric 
power  between  the  two  ends  of  the  heated  portion.  The  most  obvious 
method  is  to  draw  the  wire  through  a  warmed  bath  or  tube.  In  that  case 
both  gradients  are  changing  at  the  same  time,  and  the  interpretatioa 
of  the  observations  is  usually  troublesome  and  unsatisfactory.  The 
method  will,  however,  distinguish  readily  enough  between  wire  which  is 
wholly  free  from  irregularity  and  that  which  is  not,  and  has  been  used  in 
making  some  excellent  thermoelements,  by  rejecting  altogether  all  wire 
which  was  not  cleatiy  excellent. 

It  is  about  as  easy,  however,  to  secure  more  complete  informati<m» 

^  Our  last  spool  received  shows,  as  far  as  tested,  99%  of  wire  Taryini^  less  than 
0.0002,  and  considerable  wire  as  good  as  this  has  been  obtained  from  other  spools. 

'  The  difficulty  lies  in  our  present  ignorance  as  to  the  causes  of  the  inhomogeneities 
sometimes  found  in  carefully  made  constantan  wire.  Some  preliminary  work  on  the 
pioblem  failed  to  give  definite  results,  and  thus  showed  that  the  problem  has  sufficient 
difficulty  to  be  probably  worth  while  as  a  research.  At  the  same  time  tlie  number 
of  factors  is  so  small  that  a  successful  solution  could  be  confidently  expected,  and  its 
practical  usefulness  would  be  considerable.  It  is  to  be  hoped  that  some  one  wiU  take 
the  matter  up. 
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often  resulting  also  in  a  greater  economy  in  nsing  the  wire,  by  dramng 
the  wire  out  of  o.  heated  bath,  leaving  one  end  of  the  heated  portion  nn- 
changed  during  the  test.  All  other  parts  of  the  wire,  as  they  aie  succes- 
sively drawn  out  of  the  heated  region,  are  then  compared  with  the  un- 
changing part,  and  a  complete  map  of  the  variations  of  the  whole  is  thus 
obtained.  It  is  important  to  be  able  to  handle  the  wire  readily  without 
snarling  or  kinking;  this  can  be  done  by  running  it  from  one  drum  to  an- 
other, putting  one  of  the  drums  in  the  heated  bath.  If  the  wire  is  insula- 
ted, as  it  usually  will  be  if  intended  for  multiple  thermoelements,  it  is 
more  simply  and  surely  tested  if  in  one  single  piece.  The  two  ends  then 
run  from  the  drums  to  copper  leads,  which  run  to  a  sensitive  galvanometer. 
Twisting  of  these  portions  as  the  drums  turn  is  prevented  by  letting  them 
wind  (or  unwind)  about  the  slender  axles  of  the  dnuns;  the  small  amount 
of  wire  which  is  thus  coiled  to  a  small  radius  is  thrown  away  after  the 
test.  The  wire  is  best  brought  out  of  the  hot  bath  along  the  axle  of  the 
drum  and  allowed  to  make  its  small  coil  above  in  the  air,  where  it  can  be 
easily  attended  to.  (This  is  an  improvement  over  previous  published 
methods,^  and  was  suggested  by  Mr.  L.  H.  Adams  of  this  laboratory.) 
Two  strips  of  sheet  copper  wotmd  around  the  axle,  one  at  the  surface  of 
the  liquid  and  the  other  a  little  higher,  will  keep  the  gradient,  which  will 
be  mostly  between  them,  constant  as  the  drum  turns. 

.The  E.  M.  F.  of  a  copper  constantan  couple  for  80**  temperature  diflfer- 
ence  is  over  3000  microvolts,  hence  in  this  test  an  irregularity  of  2  micro- 
volts is  enough  to  cause  rejection  of  the  wire;  the  readings  must  there- 
fore be  good  to  a  microvolt  or  better,  and  the  galvanometer  must  accord- 
ingly be  arranged  for  eliminating  the  effect  of  parasitic  thermal  forces.' 
The  galvanometric  precision,  however,  may  always  be  less  than  is  to  be 
used  in  reading  the  thermoelement  after  it  is  made.  The  parasitic  E. 
M.  F.'s  produced  by  ordinary  irregularities  of  the  air  temperature  and 
of  the  bath  are  of  cotu-se  quite  negligible,  when  eighty  degrees  produce 
only  a  microvolt  or  two.  The  jimctions  to  the  two  copper  leads,  how- 
ever, must  not  differ  by  more  than  0.005**.  If  other  means  fail,  they  can 
easily  be  kept  as  near  as  this  by  putting  them  together  into  a  stirred 
bath  at  room  temperature.  The  equality  of  temperature  can  be  tested 
by  seeing  how  nearly  the  galvanometer  reads  zero  before  the  hot  bath  is 
heated. 

The  hot  bath  can  be  conveniently  filled  with  kerosene  at  100**.  The 
wire,  even  when  wet  with  kerosene,  can  be  marked  with  red  ink.  The 
marks  may  either  indicate  the  portions  to  be  rejected  or  may  be  put  at 

»  In  "The  Thermoelement  as  a  Precision  Thermometer,"  Loc.  cii.,  p.  142. 

*  A  regular  feature  of  thermoelectric  work  of  precision.  Described  in  the  first 
paper  of  this  series,  Walter  P.  White,  "Thermoelement  Installation,  E8i>ecially  for 
Calorimetry,"  Tbis  Journai*,  36,  1859  (19 14). 
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r^;ular  intervals  of  a  meter  <x  two,  corresponding  to  a  note-book  record 
of  electromotive  force  readings.  The  wire  should  be  supported  so  that 
no  length  greater  than  a  foot  or  so  hangs  free  in  the  air»  for  such  lengths, 
swinging  in  the  earth's  magnetic  field,  cause  annoying  parasitic  currents, 
which  delay  the  observations.  Normally  the  operation  is  very  rapid. 
Wire  enough  for  a  24-couple  element  can  be  carefully  done  by  two  per- 
sons, one  to  observe,  and  one  to  run  the  wire,  in  less  than  an  hour. 


to  galvanometer 

Fig.  3. — Apparatus  for  testing  the  quality  of  thermoelement  wire. 

Fig.  3  shows  one  of  our  wire  testers.  The  drums  are  both  of  paste- 
board, the  axles  are  wooden  dowel  rods,  the  bearings  of  the  inclined  axle 
of  the  drum  in  the  warm  bath  are  corks,  clamped  to  a  retort  stand. 

6.  Making  Up  the  Thermoelemeni. — ^After  the  wire  is  tested,  2  difFer- 
ent  methods  are  possible  for  selecting  the  portions  to  go  in  the  thermoele- 
ment. The  simplest  is  merely  to  cut  out  the  bad  pieces  of  wire  (or  else  put 
them  where  they  will  do  no  harm)^  using  the  rest  without  further  selec- 
tion.   The  other  method  is  useful  whenever  a  continuous  piece  of  wire 

^  Even  a  very  bad  portion  of  wire  will  do  no  harm  if  it  is  5  cm.  below  the  level 
of  the  bath  at  either  end  of  the  thermoelement. 
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is  available  with  very  few  bad  spots,  and  long  enough  to  make  the  whole, 
or  at  any  rate  half,  of  the  thermoelement.  It  permits  picking  out,  with 
certainty,  the  very  best  portions  of  the  thermoelement  to  go  in  the  gradient 
regions.  It  is  accomplished  by  winding  the  wire  into  a  ring,  of  circum- 
ference equal  to  the  length  of  the  finished  thermoelement,  and  then  shift- 
ing the  ring,  while  partly  immersed  in  a  warmed  bath,  until  the  most 
homogeneous  portions  of  the  bundle  are  found. 

To  accomplish  this  operation  effectively  requires  a  little  systematizing.  Pig.  4 
will  give  an  idea  of  our  present  method.  The  wire  is  wound  on  a  pasteboard  ring, 
on  which  a  scale  of  centimeters  is  marked  with  red  pencil.  A  light  metal  rod  is  clamped 
to  the  ring  by  means  of  two  clothespins,  and  turns  in  a  bearing  (which  is  merely  twisted 
wire)  just  at  the  level  of  the  fluid;  thus  as  the  ring  is  swtmg  up  and  down,  the  gradient 


Fig.  4. — ^Apparatus  for  locating  the  best  parts  of  a  thermoelement  before  the  wire 

18  cut. 
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near  this  rod  remains  fixed*  and  the  variations  in  the  wire  at  the  other  gradknt  are 
directly  measured.  Two  plates  of  sheet  copper  or  aluminum,  a  few  centimeters  wide, 
clamped  on  with  the  rod,  and  projecting  a  centimeter  or  two  above  the  liquid  surface, 
will  make  the  fixed  gradient  still  more  constant.  A  blast  of  air  directed  against  the 
wires  just  above  the  movable  gradient  will  render  that  gradient  sharper  and  more 
quiddy  established  after  each  change.  At  least  two  positions  of  the  fixed  gradient 
(and  therefore  of  the  rod)  will  be  needed  to  cover  the  whole  droumferenoe.  The 
leads  should  be  of  the  same  continuous  wire,  running  to  copper  galvanometer  leads  as 
described  above  for  the  wire  tester.  The  point  where  they  leave  the  ring  should  be 
always  either  in  the  air  or  in  the  liquid  for  any  one  position  of  the  fixed  gradient.  The 
observations  obtained  by  the  method  just  described  are  plotted  against  length,  the 
best  available  portions  of  the  ring  are  selected  for  the  gradients  of  the  finished  thermo- 
element, and  the  wires  are  then  cut  accordingly.  Before  the  cuts  are  made  a  narrow 
streak  is  drawn  with  white  paint  somewhere  across  the  wires.  It  is  then  possible 
aftervrard,  by  bringing  the  white  spots  on  the  wires  opposite  each  other,  to  be  sure 
that  the  wires  are  in  the  same  relative  positions  as  during  the  test. 

m.  Construction. 

I.  Soldering. — In  joining  up  an  element,  as  in  testing  the  wire^  it  is 
well  to  arrange  systematically  for  handling,  without  confusion,  the  large 
amount  of  small  wire.  Our  wires,  therefore,  after  being  cut,  are  clamped 
on  light  boards  a  decimeter  shorter  than  .the  element,  and  with  a  width 
of  I  cm.  for  each  pair  of  junctions.  The  clamps  are  little  battens  of  wood, 
screwed  on.  Once  in  place,  the  wires  remain  clamped  till  they  are  gathered 
together  under  loosened  battens  for  inclosure  in  their  case.  By  this  pro- 
cedure not  only  is  the  work  made  easier  and  more  orderly,  but  the  wire  is 
protected  from  mechanical  strains  which  might  impair  its  original  homo- 
geneity. 

A  compact  and  smooth  joint  is  of  great  assistance  in  the  subsequent 
operations.  This  is  promoted  if  the  silk  insulation  is  cemented  in  place 
by  shellac  before  the  wire  is  cut.  Then  when  the  tip  of  the  wire  is  scrap>ed 
bare  in  preparation  for  being  soldered,  the  adjacent  silk  remains  closely 
adherent.  The  copper  end,  being  smaller  and  more  flexible,  is  wound 
around  the  constantan,  and  tweezers  are  used,  so  as  to  avoid  contact 
with  the  fijigers,  which  may  interfere  with  the  soldering  of  constantan 
when  rosin  is  used.  A  very  quick  and  satisfactory  way  to  do  the  solder- 
ing^ is  by  dipping,  for  the  shortest  possible  time,  in  a  bath  of  rather  hot 
solder*  and  then  snipping  off  the  tip  of  the  junction,  thus  getting  rid 
of  any  projecting  ends  of  wire  or  tails  of  solder.  The  exposed  portion  of 
bare  wire  should  then  be  very  short;  not  over  a  millimeter  between  the  end 
and  the  place  where  perfect  insulation  begins.' 

*  Compare  "The  Thermoelement  as  a  Precision  Thermometer/'  Loc.  cit.,  p.  143. 

*  Rosin  is  preferably  used  as  a  flux,  and  the  rosin  is  apt,  when  melted,  to  loosen 
the  end  of  the  silk.  Mr.  C.  W.  H.  Ellis,  of  this  laboratory,  has  used  a  method  which 
avoids  this  trouble.  The  wire,  after  dipping  in  melted  rosin,  is  touched  with  a  hot 
piece  of  porous  fireclay,  or  other  refractory  material,  which  absorbs  the  excess  of  rosiii« 
leaving  just  about  enough  to  do  the  soldering  nicely. 

'  This,  of  course,  involves  bringing  the  solder  within  half  a  millimeter  or  less 
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2.  InsukUion. — ^With  the  errors  from  inhomogeneity  of  the  thermo- 
element made  negligible,  defective  insulation  is  the  only  remaining  source 
of  error.  It  is  also  easily  avoided.  Some  resistance  thermometers  are 
provided  with  special  drying  material,  but  the  very  sensitive  iilclosed  thermo- 
element seems  amply  protected  against  water  vapor  by  a  paraffin  seal 
at  the  point  where  the  leads  leave  the  case.^  This  has  been  true  of  thermo- 
elements used  for  several  years  in  ice  baths,  and  in  one  instance,  where 
liquid  water  had  entered  through  a  small  hole  in  a  defective  case,  the 
thermoelement  had  recovered  its  insulation  after  lying  on  the  shelf  a  few 
months  with  the  case  still  on. 

We  have  never  observed  any  electrical  leakage  in  unindosed  thermo- 
elements, though  slight  leakage  is  not  altogether  improbable  in  damp 
weather  if  the  wires  are  not  well  paraffined,  just  as  it  might  be  in  any  other 
wires  similarly  situated. 

The  junctions,  where  the  silk  insulation  has  been  removed  for  solder- 
ing, of  course  need  special  treatment.  The  most  obvious  way  is  to  in- 
sulate by  some  kind  of  varnish,'  and  then  simply  bunch  the  junctions  to- 
gether in  inclosing. 

An  easier  and  more  effective  method  is  to  distribute  the  junctions 
along  the  tube,  letting  the  inner  wires  come  the  farthest,  so  that  the  whole 
group  forms  a  sort  of  cone  with  the  junctions  all  on  the  outside,  next  the 
case,  which  is  drawn  to  a  similar  cone  if  glass  is  used.  This  method  saves 
the  labor  of  reinsulating,  is  especially  free  from  liability  to  failure  and 
gives  a  thermoelement  tip  of  minimum  size  and  lag.  The  increase  in  re- 
quired depth  of  immersion  which  it  involves  is  usually  not  in  the  least 
detrimental.' 

of  the  silk  without  charring  that.  This  is  not  difiELcult,  with  proper  attention  to  the 
temperature  of  the  solder  and  the  time  of  immersion.  A  httle  preliminary  practice  is, 
of  course,  useful.  If  the  solder  is  too  cold  the  junction  comes  out  rough.  If  the  end  of 
the  silk  insulation  does  become  a  little  loosened,  of  course  no  great  harm  is  done,  but 
projecting  bits  of  solder  or  wire  may  give  considerable  trouble. 

^  The  thermoelement  wires  may,  without  any  detriment  to  the  readings,  be 
paraffined  throughout  their  length,  and  our  thermoelements  always  have  been  so 
treated.  This  may  have  contributed  toward  the  immunity  from  dampness  which  we 
have  observed.  At  any  rate  the  paraffining  seems  desirable,  in  general,  for  the  present, 
as  a  precautionary  measure.     It  is  best  done  after  the  wires  are  fixed  in  the  case.    * 

*  Celhdose  acetate  is  apparently  the  best  varnish  yet  tried.  One  sample  of  this 
gave,  after  staying  a  few  years  in  a  box,  exposed  to  the  atmospheric  humidity,  a  strong 
stnell  of  acetic  add,  and  became  nearly  insoluble  in  the  usual  solvent,  thus  giving 
strong  indications  of  decomposition.  But  an  S-junction  dement,  insulated  with  ma- 
terial from  this  same  sample,  now  shows,  after  two  years'  indosure  embedded  in 
paraffin,  an  insulation  resistance  of  over  2000  megohms  between  the  two  groups  of  wires. 

A  fairly  thick  coating  of  varnish  is  needed,  since  the  varnish  tends  to  gather  in  the 
depressions  of  the  surface,  leaving  the  projections  (for  instance,  the  outer  surface  of 
the  copper  wires,  if  these  are  wound  round  the  others)  insufficiently  protected. 

*  Fotu-  mm.  per  junction  for  24  junctions  is  unnecessarily  open,  yet  it  requires 
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In  cases  where  the  junctions  are  too  numerous  to  be  distributed  satis- 
factorily, or  wherever  any  number  of  junctions  are  to  be  imbedded  in 
metal,  reinsulation  is  of  course  necessary.  A  superior  method  of  rein- 
sulating  has  recently  been  introduced  by  Mr.  L.  H.  Adams,  of  this  labora- 
tory, who  has  kindly  allowed  me  to  quote  his  as  yet  unpublished 
description  of  it  here: 

"  ♦  ♦  ♦  The  jimctions  are  coated  with  an  insulating  layer  of 
vulcanized  rubber  by  the  following  procedure:  Each  junction  is  dipped 
separately  into  a  fairly  thick  rubber  solution  consisting  of  pure  gum 
rubber  dissolved  in  a  mixture  of  benzene  and  carbon  disulfide.  After 
standing  an  hour  or  so,  or  until  dry,  the  coating  of  rubber  is  vulcanized 
by  immersing,  for  a  few  seconds  only,  in  a  dilute  solution  of  sulfur  di- 
chloride  in  carbon  disulfide  (i  to  40).  If  a  thicker  coating  is  desired  the 
operation  of  dipping  in  the  rubber  solution  and  drying  may  be  repeated 
several  times  before  the  vulcanization.  A  final  drying  for  several  hours 
at  40**  or  50**  completes  the  operation.  The  coating  thus  obtained  is 
tough  and  elastic,  and  of  about  the  hardness  of  ordinary  sheet  rubber. 
Where,  for  any  reason,  a  much  harder  coat  of  rubber  is  desired,  the  fol- 
lowing method  may  be  substituted:  Dip  the  junctions  in  a  rubber  solu- 
tion in  which  sulfur  is  directly  incorporated,  dry  as  above  and  heat  to 
130-150^  for  an  hour  or  so.^  The  solution  is  prepared  by  adding  to  the 
plain  rubber  solution  an  amount  of  precipitated  sulfur  equal  to  about 
20%  of  the  amount  of  rubber  present. 

"Either  of  these  methods  gives  a  tough,  coherent  and  elastic  coating 
of  high  electrical  resistance.  In  fact,  the  mechanical  and  electrical  proper- 
ties even  of  the  softer  coating  are  so  satisfactory  that  the  junctions  may  be 
imbedded  in  fusible  (Wood's)  metal."* 

J.  Inclosure. — ^The  ends  of  nearly  all  thermoelements  must  be  enclosed, 
to  allow  immersion  in  baths,  etc.  A  frequent  weakness  in  the  case  of 
single  or  auxiliary  elements  is  to  have  the  inclosing  tube  stop  just  above 
the  surface  of  the  bath.  The  bending  of  the  wire  is  greatest  at  the  end 
of  the  tube,  and  this  bending,  and  the  consequent  inhomogeneity  intro- 
duced into  the  element,  thus  come  in  the  temperature  gradient,  where  they 

a  less  total  depth  of  immersion  than  is  demanded  by  many  of  the  best  calorimetric 
resistance  thermometers.  Twenty-four  jmictioos  have  been  sucoessftdly  distributed 
within  2.8  cm.,  though  this  degree  of  concentration  is  neariy  always  unnecessary  and  is 
undesirable.  The  distributing  can  be  done  more  freely  if  the  copper  wires  are  cut 
a  few  centimeters  longer  than  the  others,  otherwise  it  is  necessary  to  pay  attention 
to  the  order  in  which  the  wires  are  connected. 

^  Care  should  be  taken  that  this  heating  does  not  injure  cotton  or  silk  insulation. 

*  Indications  of  the  production  of  copper  chloride  have  been  observed,  Mr.  Adams 
tells  me,  after  treatment  with  the  sulfur  chloride.  Thorough  drjnng  and  prompt  in* 
closure  of  the  junctions  are  therefore  desirable,  and  until  more  experience  has  been  had, 
the  hard  rubber  insulation  appears  safer. 
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do  the  Tnaximiitn  axaount  of  harm.^  The  rigid  indosure  should  come 
well  beyond  the  gradient  into  the  region  of  uniform  temperature.  The 
middle  of  the  thermoelement  may  then,  in  most  cases,  be  left  free  and 
flexible.  (A  sUghtly  flexible  prolongation  of  the  rigid  tube  may  advan- 
tageously be  added  to  diminiA  the  amount  of  sharp  bending.)  With 
the  sensitive  multiple  elements  needed  for  calorimeter  temperatures  a 
complete  rigid  inclosuie  will  probably  be  preferred  in  most  cases. 

The  three  main  desiderata  of  a  thermoelementend  are :  small  heat  capacity/ 
small  lag — ^these  are  luxtuies  rather  than  necessities — and  negligible  ef- 
fect upon  the  reading  due  to  heat  conduction  along  the  element  ftt>m  the 
air  above  the  bath — ^this  is,  of  course,  essential.  These  three  things  are 
all  dependent  on  compactness,  and  it  is  the  combining  of  compactness 
with  effective  insulation  that  causes  whatever  difficulty  there  is.  This 
difficulty  occurs  only  at  the  soldered  ends,  where  the  original  silk  insula- 
tion has  to  be  removed. 

Three  kinds  of  enclosure  have  been  used,  glass  tubes,  metal  tubes, 
and  flat  metal  cases. 

Of  these  the  glass  indosure  is  the  easiest  to  employ,  and  gives  the  great- 
est security  against  danger  of  leakage,  dther  of  electridty  or  water.  It  is 
therefore  preferable  in  most  cases.  It  is  readily  made  from  ordinary 
soft  tubing,  fitting  the  thermodement 
rather  tight  at  the  ends,  and  larger  at 
the  bends,  around  which  the  wires 
must  be  pushed  into  place.* 

Ordinarily,  both  ends  of  a  calori- 
metric  thermodement  will  turn  down- 
ward, for  insertion  in  some  sort  of  bath, 
so  that  the  whole  will  have  much  the 
form  of  Fig.  5.  This  figure  shows 
more  particularly  a  glass  indosure, 
which  will  usually  consist  of  two  L- 
shaped  tubes.  The  tubes  are  conve- 
niently held  together  by  a  little  trough 
of  sheet  metal  into  which  tliey  are  ^.^  ^  _^  ^^  j^^  tk«moeLe«t 
either  cemented  with  seahng  wax,  or 
clamped.    The  trough  may  be  made  to  come  at  any  desired  part  of  the 

^  Compare  the  section  on  "General  Law  of  the  Inhomogeneous  .Thermoelement," 
II,  I,  above. 

*  In  metal  tubes  the  bend  is  made  after  the  wires  are  in,  and  have  been  tested  for 
insulation,  etc.  The  junctions,  whether  reinsulated  or  not,  are  protected  from  the 
tube  by  a  wrapping  of  silk  doth.  This  indosure  becomes  more  desirable  as  the  junc- 
tions become  fewer,  and  the  need  for  strength,  greater. 

Wiih  the  flat  metal  case  the  idea  is  to  diminish  the  lag  by  making  the  tube  thin, 
and  facilitate  insulation  by  making  it  wide.    The  uninsulated  junctions,  staggered  to 
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horizontal  portion,  and  may  be  used  to  assist  in  maidng  thermal  contact 

with  a  jacket. 
In  every  inclosture  the  lag  is  diminished  if  the  jimctions  are  imbedded 

in  pc(raffin.    A  fluid  (xylol)  was  about  eqtudly  effective.    Naphthalin 

g^ve  about  half  the  lag  of  paraffin,  and  is  therefore  generally  to  be  pre- 
ferred in  caries  where  a  reduction  of  the  lag  is  at  all  desirable.    Otherwise, 

the  paraffin  is  preferable,  on  account  of  its  lower  melting  point  and  less 

volatility*    Some  idea  of  the  effectiveness  of  different  methods  can  be 

gained  firom  Table  I. 

Tablb  I. — TaiotiiosLmcaMT  Constants. 

The  length  in  all  cases  was  50  cm.    The  copper  wires  were  0.15  mm.  diameter  (No.  35). 

Dtameter  of  constantan 
wirfes 0.26  mm.  (No.  30)  0.47  mm.  (No.  25)    0.47  0.26 

Nmnber  of  jtmctions 8  12  24  24 

Total  resistance 42  21  42  126 

Diameter      of      element 
alone 2.6mm.  4.2  mm.  5.2  mm. 

Diameter   of   glass   tube 
indosure 5.8  mm.  7.0  mm.     5.9 

Diameter  of  metal  (brass) 
tube  inclosure 3.3  mm. 

Lag,  flat  metal  case,  paraf- 
fin filling 0.9  sec. 

Lag,  ihetal  tube,  parafi^ 
iffling 3  sec. 

Lag,  glass  tube,  parafi&n 
fifling 9  sec.  •   12  sec. 

Lag,    glass    tube,    naph- 
thalin Ming 5  sec.  7  sec.        5  sec. 

Sensitivieness,   microvolts 

per  millidegree 0.3  0.5  1.0  i.o 

Smallest  temperature 
actually  read 0.0003*  0.0002*  o.oooi®      o.oooi* 

Water  equivalent,  9  cm. 
immersion 0.8  g.  17  g. 

The  required  depth  of  immersion  was  investigated  by  putting  both 
ends  of  the  element  in  a  stirred  bath  at  room  temperature,  with  one  end 
passing  through  a  cup  containing  ice,  just  above  the  water.  This  method  is 
convenient,  but  exaggerates  the  effect  of  conduction,  especially  for  the 
smaller  elements.  With  the  thicker  24-junction  glass  inclosed  element 
an  immersion  of  5.5  cm.  (average — the  uppermost  junction  was  only- 
keep  them  apart,  are  cemented  in  one  or  two  layers  on  mica  strips,  which  are  thrust 
into  the  previously  made  and  tested  end  cases;  the  middle  portions  of  the  case,  includ- 
ing the  bends,  are  then  soldered  together  around  the  wire.  Of  the  three,  this  type  of 
inclosure  is  the  most  troublesome  and  most  liable  to  leakage  of  water,  but  has  a  lag  and 
a  required  depth  of  immersion  which  are  very  low  in  proportion  to  the  number  of 
junctions. 
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4  cm.  under)  reduoed  the  effect  ol  heat  conduction  on  the  reading  to  less 
than  1/50,000  of  the  temperature  difference  between  bath  and  ice. 

With  the  8  jtmctions  in  3.3  mm.  brass  tube  an  immersion  of  4  cm. 
reduced  the  effect  of  the  ice  to  1/4,000  the  temperature  difference. 

4,  Curvature  of  the  Bend. — ^The  two  bends  in  the  thermoelement  of  Fig. 

5  will  often  be  conveniently  located  just  above  the  calorimeters,  and  hence 
in  the  temperature  gradients.  The  bends  must  therefore  not  be  so  sharp 
as  to  materially  affect  the  thermoelectric  power  of  the  wire  by  the  strains 
produced.  Just  how  sharp  they  may  be  without  detriment  has  not  been 
determined,  and  information  on  this  point  would  be  very  welcome,  but  we 
have  found  no  perceptible  effect  from  a  curve  with  a  radius  of  2 .5  cm.  in 
No.  30  wire  (o.  25  mm.  diameter),  so  that  this  degree  of  curvatiu-e,  at  any 
rate,  may  be  considered  safe. 

5.  Terminals. — A  precision  thermoelement  should,  by  all  means,  be 
divided  into  two  equal  parts,  which  can  be  connected  in  opposition.  This 
gives  a  ready  check  upon  temporary  or  permanent  defects  or  changes  in 
the  element  itself,  upon  defects  of  insulation  during  the  construction,  and 
upon  the  presence  of  parasitic  electromotive  forces  in  the  leads  outside 
the  zero  adjusting  switch  at  the  potentiometer.  A  convenient  arrange- 
ment of  terminals  for  this  purpose,  applica- 
We  also  when  the  two  halves  are*  in  separate 


cases,  is  shown  in  Fig.  6.  When  A+  and  B"*"  B 
are  the  terminals,  with  B""  and  the  second 
A-  jomed,  the  two  halves  A  and  B  are  in  Fig.  6.r-Diagram  of  the  arrange, 
opposition;  the  series  arrangement  has  A+  m^nt  of  thermoelement  terminals. 
and  B""  as  terminals,  with  B+  connected  to  the  first  A'.  The  arrange- 
ment lends  itself  well  to  the  use  of  leaves  of  copper  as  terminals,  which 
is  probably  the  scheme  best  combining  simplicity  with  great  freedom  from 
thermal  forces. 

It  is  well  also  to  add  another  terminal  so  connected  that  4  or  8  junc- 
tions can  be  read  when  desirable. 

In  our  own  work  the  thermoelement  is  checked  up,  by  reversal,  at  the 
beginning  and  end  of  each  day.  The  operation,  which  takes  less  than  a 
minute,  gives  a  guarantee  of  the  integrity  of  the  thermoelement  and  its 
insulation,  and  of  the  auxiliary  switches  as  well.  The  divided  thermo- 
element is  also  an  ever  ready  auxiliary  for  quickly  verifying  the  condi- 
tion of  the  potentiometer.  For  this  purpose  one  or  more  stationary 
or  steadily  changing  temperatures  are  read  with  the  whole  element,  and 
also  with  one-half  of  it.  One  reading,  plus  or  minus  the  difference  of  the 
two  halves,  which  is  also  observed,  should  be  twice  the  other.  Any  acci- 
dental change  or  deterioration  in  the  potentiometer  coils  used  would  al- 
most certainly  be  indicated  by  a  iajixae  of  this  telaticHi.    It  does  not 
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seem  a  very  convenient  method  for  a  complete  calibration  of  the  potentiom- 
eter. 

If  the  thermoelement  is  to  be  wholly  within  the  calorimeter  jacket, 
or  if  it  is  to  be  protected  by  the  sheet  copper  shield  of  Section  26,  in  either 
case  the  terminals  are  best  not  momited  directly  upon  the  case.  They 
may  be  situated  as  in  Fig.  5,  on  the  end  of  a  slender  tube,  which  is  brazed 
to  the  sheet  metal  trough  and  carries  the  leads,  or  they  may  be  at  the 
end  of  a  cable,  a  meter  long  or  more,  made  by  wrapping  the  leads  with 
tape,  inclosing  with  the  leads  a  stout  cord,  a  little  shorter,  for  mechanical 
protection. 

IV.  Calibration  and  Testing. 

A  multiple  thermoelement  can  be  calibrated  easily  and  with  great  pre- 
cision by  comparison  with  another  thermoelement.  Of  course  some  ther- 
moelement must  have  first  been  calibrated  by  another  method,  but  this 
is  a  service  appropriate  to  the  national  standardizing  laboratories.^ 

All  thermoelement  calibration  can  be  left  to  these  laboratories 
wherever  that  seems  desirable,  but  the  secondary  calibrations  are  so  easy 
that  they  may  often  profitably  be  done  by  the  individual  experimenter. 
The  checking,  testing,  or  comparing  of  thermoelements  also  involve  the 
same  principles  and  precautions  as  the  calibrating. 

I.  The  Precision  of  the  Calibration, — The  calibration  of  an  electrical 
thermometer  differs  from  that  of  mercury  thermometers  and  many  other 
instruments  in  that  the  result  can  be  expressed  by  a  simple  equation. 
It  follows  that  in  measming  temperature  intervals  the  absolute  effect 
of  incorrect  calibration  will  diminish  with  the  interval;  the  proportional 
error  will  be  the  approximately  constant  magnitude.  And  hence,  in  making 
the  caUbration,  where  observations  may  be  made  at  intervals  of  5^  to 
10^,  it  follows  (i)  that  the  errors  in  electromotive  force  measurement 
will  be  quite  negligible;  (2)  that  errors  from  inhomogeneity  and  uneven 
bath  temperature,  which  tend  to  increase  with  the  temperature,  though 
they  may  be  noticeable,  wiU  still  usually  be  negligible. 

To  illustrate:    In  comparing  a  thermoelement  with  a  standard,  dis- 

*  In  a  recent  paper  whose  authorship  I  shared  ("The  Calibration  of  Copper-con- 
stantan  Thermodements,"  Phys.  Rev.,  31,  159  (1910)),  it  was  assumed  that  thermo- 
elements would  usually  need  to  be  calibrated  independently  by  their  users,  and  there- 
fore by  some  relatively  disadvantageous  method,  and  the  supposed  difficulty  of  in- 
dependent calibration  has  elsewhere  been  accounted  a  very  serious  objection  to  the 
thermoelement.  It  now  seems  that  whatever  justification  these  views  may  once  have 
had  at  any  rate  exists  no  longer.  The  resistance  thermometer  is  unquesticmably 
easier  to  calibrate  independently,  yet  in  spite  of  this  fact  the  majority  of  the  calm- 
metric  resistance  thermometers  now  in  use  in  this  country  were  calibrated  at  the 
Bureau  of  Standards.  There  therefore  seems  to  be  no  reason  why  the  thermoele- 
ment, which  both  stands  transportation  and  keeps  its  calibration  at  least  as  well» 
should  not  be  calibrated  at  a  sttodardistng  laboratory. 
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crepandes  of  o.ooi  ^  at  40^  might  sometimes  be  observed.  It  would  gen- 
erally be  highly  erroneotis  to  conclude  that  the  error  of  such  a  thermo* 
element  would  ever  be  o.ooi °  in  calorimetric  work.  The  error  really  in- 
dicated would  be  25  per  million,  which  is  o.oooi  ^  for  a  4^  interval,  and 
correspondingly  less  for  smaller  intervals.  If,  secondly,  the  discrepancy 
of  o.ooi ^  should  occur  during  the  process  of  calibration,  so  that  observa- 
tions at  (say)  30^  and  40^  failed  to  correspond,  the  calibration  would  be 
out  by  (in  this  case)  one  part  in  10,000  through  the  10  d^[ree  interval 
between  30°  and  40°.  In  most  calorimetric  determinations,  which  in- 
volve intervals  much  less  than  10°,  the  actual  error  due  to  the  incorrect 
calibration  would  thus  be  much  less  than  o.ooi ^. 

In  nearly  every  case,  however,  even  if  a  discrepancy  of  o .  001  ®  should  be 
observed,  the  occurrence  of  any  such  discrepancy  during  calibration 
would  be  very  improbable.  For  such  discrepancies,  when  not  due  to  ir- 
regularities in  the  bath  temperature,  are  caused  by  a  shift — usually  a  con- 
siderable shift — in  the  position  of  the  temperature  gradients.  Observa- 
tions, therefore,  which  are  made  with  an  unchanged  depth  of  immersion 
and  an  imaltered  ice  bath  are  likely  to  be  quite  free  from  appreciable 
calibration  error.  The  fact  that  the  consistent  series  of  observations 
may  be  o.ooi ^  or  25  per  million,  higher  or  lower  than  another  possible 
set,  is  of  no  importance  in  calibrating  for  calorimetric  work.  Discrepan- 
cies, then,  observed  in  comparing  thermoelements,  are  of  no  importance 
tmless  they  approach  o.ooi ^  in  magnitude^  and  tmless  they  also  occur 
during  constant  conditions  as  to  depth  of  immersion  and  arrangement 
of  the  bath.  In  such  a  case  either  the  portion  of  the  thermoelement 
used  for  a  gradient,  or  else  the  comparing  bath,  is  unsatisfactory. 

What  has  just  been  said  applies  to  the  coiUparing  of  a  thermoelement 
with  any  standard.  The  comparison  against  another  nearly  equal  thermo- 
element has  three  special  advantages: 

(i)  Only  one  reading,  the  difference  between  the  two  thermoelements, 
needs  to  be  made  with  maximum  precision.  If  the  two  differ  by  1%, 
the  actual  temperature  needs  to  be  read  with  only  about  o.oi  the  preci- 
sion of  the  differential  reading. 

(2)  The  most  precise  reading  is  of  a  small  magnitude,  and  is  therefore 
especially  easy  to  secure,  as  far  as  the  potentiometer  system  is  con- 
cerned. 

(3)  The  constancy  required  in  the  bath  temperature  is  less  than  in  a 
comparison  of  separate  thermometers. 

2.  The  Bath  for  Comparing  ThermoelemefUs. — ^The  ease  and  precision 
with  which  thermoelements  can  be  compared  are  much  more  likely  to 

1  This  is  00  the  assumption  that  a  final  precision  of  0.1  per  mille  is  desired.    For 
a  less  precisioin  a  greater  tolerance  is  of  course  possible. 
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be  realized  ^th  a  staitable  bath.^  A  simple  but  efiScient  bath  has  been 
made  ffom  a  tall  vacuum  jacketed  bottle  of  one  liter  capacity.  The 
heater  is  four  or  five  turns  of  No.  25  silk  insulated  constantan  wire,  so 
Ootkd  that  after  being  fed  into  the  mouth  of  the  bottle  it  expands  and  Ues 
againat  the  sides.  The  stirrer  with  its  tube  (supported  by  a  retort  stand 
clamp)  is  the  only  other  thing  required.  The  tube  is  long  and  well  cen- 
tered'in  the  bottle,  with  the  propeller  at  the  bottom.  The  shaft  is  inclined 
slightly  in  the  tube,  so  as  to  be  near  its  side  at  the  top,  thus  giving  more 
space  for  the  thermoelements;  a  partition  surrounds  the  shaft  so  as  to 
prevent  the  thermoelements  from  coming  into  contact  with  it,  which 
might  cause  a  false  heating.  The  tube  is  wrapped  with  blotting  paper, 
so  as  to  increase  the  thermal  separation  between  the  ascending  and  de- 
scending columns,  of  liquid.  (The  current  should  of  course  be  upward 
in  this  tube.)  It  appears  probable  from  our  experience,  and  also  from 
a  consideration  of  th^  physical  actions  involved,  that  the  stirring  may 
easily  be  too  vigorous,  and  that  it  should  never  furnish  nearly  as  much 
heat  as  the  heating  coil,  for  that  is  equivalent  to  putting  a  considerable 
part  of  the  coil  directly  in  the  tube  at  the  bottom — a  thing  which  no  one 
would  think  of  doing.  By  the  use  of  a  few  cork  pulleys,  very  easily  and 
quickly  made,  the  speed  of  stirring  is  made  to  vary  with  the  temperature 
elevation. 

J.  Tests  Preliminary  to  the  Calibration, — (From  here  on  the  caUbra- 
tion  of  one  thermoelement  agaunst  another  will  be  the  only  case  consid- 
ered, and  24  couples  will  be  assumed.) 

Two  sources  of  error  are  to  be  considered  in  calibrating:  the  discrepan- 
cies in  reading  discussed  in  Section  i,  and  the  effect  of  differences  in  the 
lag  of  the  two  thermoelements.  It  is  well  to  determine  in  advance  the 
possible  magnitude  of  these  two  errors;  this  may  save  many  unnecessary 
precautions,  and  will  make  more  certain  the  value  of  the  results. 

The  effect  of  a  difference  in  lag  of  course  depends  on  the  rate  at  which 
the  bath  temperature  is  changing.  It  will  probably  be  simplest  not  to 
determine  the  lag  as  such,  but  to  find  at  once  the  relation  of  rate  to  error. 
If,  for  instance,  a  change  in  bath  rate  of  20  microvolts  per  minute  (say, 
a  change  from  -f  5  to  — 15  per  minute)  should  produce  a  change  of  0.2 
microvolt  in  the  differential  reading  for  the  same  centigrade  tempera- 
ture, then  for  any  rate  under  5  per  minute  the  effect  on  the  differential 
reading  would  be  less  than  0.05  microvolt.  The  rate  can  easily  and 
^  In  a  previous  pap^  a  very  simple  and  satisfactory  electrically  heated  comparinc 
bath  was  described  ("The  Thermodement  as  a  Predsion  Thermometer/'  Loc.  cU.,  p. 
147)  whose  essential  features  were  extreme  symmetry  and  an  upper  chamber  kept  a 
very  little  hotter  than  the  rest.  This  bath,  which  was  packed  in  cotton  wool,  was 
rather  slow  in  settling  down  to  a  constant  temperature.  This  made  its  operation 
ratiier  tedious  with  elements  of  large  lag,  for  whose  accurate  comparison  a  nearly 
constant  temperature  is  desirable.    Accordingly,  the  present  bath  has  been  substitutML 
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quickly  be  made  small  enough  fay  a  littk  regulation  of  the  bath  beating 
current/  and  should  be  measured  for  each  determination. 

The  discrepancies  in  thermoelement  readings,  whether  due  to  inhomo- 
geneity  or  to  uneven  bath  temperature,  will  vary  as  the  thermoelements 
are  moved,  and  especially  as  they  are  moved  up  and  down.  It  is  there- 
fore possible  to  estimate  very  quickly  how  great  are  the  discrepancies 
to  be  expected  during  the  cs^bration.  In  making  such  estimate,  It  is 
probably  safe  to  consider  that  the  effective  level  of  the  calibration  bi^ 
will  not  vary,  as  a  result  of  temperature  change  alone,  by  more  than  i 
cm.,  and  the  addition  of  a  copper  collar  around  the  thennbelement  will 
make  the  gradient  still  more  constant  in  position. 

If  more  definite  information  as  to  the  quality  of  the  thermoelement  Hi  desired  H 
can  be  satisfactorily  obtained  as  foUows:  The  thenuoekmeat  is  clamped  by:  the 
middle  at  such  a  height  that  two  vacuunhjacketed  bottles,  full  of  ice  anct  watef,  caii  be 
moved  up  and  down  while  they  surround  the  vertical  enc|s.  The  gradijcnjt  at  eith<^ 
end  can  thus  be  shifted  up  and  down  without  making  any  other  change. .  By  clamping 
a  trough  of  sheet  metal  under  the  horizontal  part  of  the  thermoelement,  and  piling 
fine  ice  in  this,  the  gradients  can  be  extended  around  the  bends  and  along  toward  the 
center.  In  one  instance  the  effect  of  a  shift  ii|  the  ice  levd  was  pradtioally  cotAplete 
in  3  minutes,  in  a  glass-inclosed  twenty-four  junction  thermoelement*  when  the  gradient 
was  moved  upward. 

4.  Conduct  of  a  CcUibrcUion. — In  comparing  thermoelements,  the  simplest 
way  to  treat  the  cold  jtmctions  is  to  put  them  in  an  ice  bath,  and  tUs  i^ 
quite  accurate  enotigh  for  all  ordinary  purposes.  The  bath  should  ^,be 
adjusted  15  minutes  or  so  before  being  used,  and  should  not  be  stirred  m 
disturbed  during  a  series  of  observations,  except  that  the  ice  mielting  jOt 
the  top  should  be  replaced,  and  the  level  kept  as  oontstant  as  possible* 

With  the  ice  bath  in  use  it  is  necessary  to  read  only  (i)  the  total  elec- 
tromotive force  of  one  of  the  thermoelements  and  (2)  the  cBfference  be- 
tween their  readings,  diflferentially.  The  total  electromotive  force  read- 
ings, made  at  regular  time  intervals,  give  the  bath  rate.  As  soon  as  this 
has  been  made  small  enough,  the  differential  reading  is  taken.  This 
reading  and  the  corresponding  total  electromotive  force  are  the.  necessary 
data  for  that  temperature.  Since  the  total  E.  M.  P.  observations  need 
be  accurate  only  to  5  microvolts,  while  the  bath  rate  nrast  usually  be 
less  than  5  microvolts  per  minute,  observations  taken  within  a  minute 
of  each  other  will  correspond  sufficiently,  so  that  the  ob^^rving  of  two 
different  electromotive  forces  presents  no  difficulty  even  with  very  sim- 
ple potentiometer  arrangements.  It  will  Save  considerable  woric-  in  the 
calculations  if  the  data  correspond  to  round  numbers  of  microvolts  of 
the  total  E.  M.  F.  of  the  thermoelement  undergoing  calibratjon.    This 

^  A  quick  and  convenient  ibethod,  abo,  is  to  change  the  heating 'current  so;  as  to 
revene  a  rather  slow  rate,  and  then  read  during  the  minute  or  two  of  nearHr  eicMtstant 
temperature  which  occurs  as  the  rate  passes  thfough  zeso. 
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does  not  necessitate  bringing  the  bath  within  0.005°  of  the  round  vahie; 
it  is  sufficient  to  observe  within  o.  i  °  of  it  and  apply  a  correction,  or  in- 
terpolate between  readings  on  both  sides.  The  ratio  of  the  di£ferential 
reading  to  the  total  E.  M.  F.  may  usually  be  taken  as  constant  over 
0.5V 

.  5.  Getting  the  Working  Table  from  the  Calibration  Z>ato.— The  E.  M.  F. 
of  niost  thc^rmoelementG  between  0°  and  100°  can  be  expressed  with  high 
pcedsion  by  a  cubic  equation  with  temperature  as  the  independent  varia- 
bl^t  and  iStiU  better  by  an  exponential  equation,'  so  that  there  is  no  diffi- 
culty in  getting  a  complete  calibration  which  has  all  the  precision  of  the 
observations  and  the  standards  used.  This,  however,  is  in  practice 
mainly  a  question  for  the  standardizing  laboratories,  since  the  thermo- 
element user  will  want  tables  in  which  E.  M.  F.  is  the  independent  varia- 
ble. No  advantageous  formula  has  yet  been  fotmd  for  making  such  tables, 
so  that  the  best  way  to  get  them  is  probably  to  apply  small  corrections 
to  a  suitable  preexisting  table.*  The  best  preexisting  table  to  use  will 
generally  be  one  derived  for  another  thiermoelement,  since  the  differences 
are  then  most  likely  to  follow  a  simple  law.^ 

A  good  method  for  making  the  corrections  is  in  detail  as  follows:  It 
has  been  suggested  above  that  the  calibration  points  be,  by  an  easy  in- 
terpolation or  otherwise,  found  for  round  values  of  the  E.  M.  F.  of  the 
thermoelement  calibrated.  The  dffierential  readings,  added  to  (or  sub- 
tracted from)  these,  give  the  corresponding  values  for  the  standard, 
from  which  the  true  temperattu-es  can  of  course  be  found.    If,  now,  the 

microvolt  readings  Ei,  Et, ,  of  the  calibrated  element,  are  taken  to 

the  preexisting  table  (which  may  be  the  table  for  the  standard),  tempera- 

^  This  value  is  calculated  on  the  assamption  that  the  two  thermoelements  differ 
by  1%.  If  the  difference  is  greater  or  less  than  this  the  safe  limits  of  an  assumed 
constant  ratio  will  change  about  in  inverse  proportion. 

This  nearly  linear  ratio  may  be  taken  advantage  of  to  obtain  a  method  of  calibra- 
tion in  which  the  ice  bath  is  avoided,  and  greater  certainty  thus  obtained.  The  cold 
junction  is  put  in  a  gently  stirred  bath  in  a  vacuum-jacketed  bottle,  which  is  kept 
nearly  constant  by  immersion  In  a  thermostat,  or  which  may  be  in  any  bath  which 
never  differs  from  it  in  temperature  by  more  than  0.3  ^.  A  correction  for  the  dight 
possible  temperature  variations  in  the  bottle  is  readily  made  by  using  the  linear  ratio 
of  electromotive  force  to  electromotive  force  difference  over  the  small  intervals  in- 
volved. The  temperattu^  of  this  bottle  is  accordingly  measured,  but  with  a  pre- 
cision winch  need  not  be  better  than  0.003  "• 

'  *l,:  H.  Adams,  "A  Usefid  Type  of  Formula  for  the  Interpolation  and  Representa- 
tion of  Expefimeotal  Results,"  /.  Wash.  Aead.  Sci.,  3»  469  (1913)- 

'  R.  B.  Sosnian,  "The  Platinum-Rhodium  Thermoelement  from  o^  to  1755  ^«" 
Am,  J.  Sci.,  I4J  30, 1  (1910);  see  also  L.  H.  Adams,  "Calibration  Tables  for  Copper-Con- 
stantan  ancl  I'latinum-Platinrhodium  Thermoelements,"  Tms  Journai.,  36,  72  (1914). 
The  present  method,  however,  is  in  detail  somewhat  different  from  that  of  Sosman. 
'  < '  ^  Such  a  table,  consistent  to  aooooi  ^  has  been  derived,  and  will  soon  be  placed 
at  the  disposal  of  the  users  ci  thermoelements. 
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ture  readings  9i,  9s, will  be  obtained,  which  are  not  the  true 

temperatures,  since  the  table  was  not  made  for  the  calibrated  element; 

but  the  differences  between  these  and  the  true  temperatures  61',  ©1', 

added  to  the  numbers  in  the  table,  will  evidently  give  tabular  values 
which  are  true  for  the  caUbrated  element.  This  gives  values  for  the  tem- 
peratures taken  in  the  caUbration.    To  get  values  for  other  temperattu-es, 

parabolas  are  derived,  giving  the  differences  9i'  —  9i,  Qj'  —  92, ,  in 

terms  of  the  K.  M.  F.'s,  Ei,  Es, ,  and  from  these  parabolas  other  values 

of  9'  —  9  are  obtained.  Since  these  values  are  derived  from  a  smooth 
curve,  any  errors  in  using  them  will  diminish  with  the  interval  measured. 
Experience  shows  that  if  the  original  intervals  are  10^  the  maximum  error 
introduced  by  assuming  the  absolute  correctness  of  a  parabola  wiU  not 
exceed  0.0002®  in  5°,  which  is  a  little  larger  than  the  probable  propor- 
tional error  due  to  the  calibration,  but  further  experience  may  very  likely 
reduce  this  limit.  If  the  original  observations  are  at.  intervals- of  5®, 
the  error  in  the  parabolas  is  quite  negligible.  Hence  a  five-degree  inter- 
val must,  for  the  present,  be  considered  the  best  in  caUbration,  unless  the 
two  thermoelements  differ  by  less  than  3  per  mille,  when  a  ten-degree 
interval  is  quite  sufSdent. 

In  calculating  thermoelement  tables  the  calculations  should  be  carried 
out  to  a  precision  ^mewhat  greater  than  is  to  be  used  in  reading  the  thermo- 
element, even  if  this  precision  is  considerably  better  than  was  reacb^ 
in  the  calibration  observations,  because  the  error  due  to  the  calibration 
observations  will  decrease  with  the  interval  measured,  so  that  for  small 
intervals  the  needless  errors  due  to  insufSdent  carrying  out  of  the  reckon- 
ing might  be  the  largest  present,  unless  these  are  made  less  than  the  error 
of  reading. 

6,  Working  Tables. — ^With  a  24-couple  copper-constantan  thermoele- 
ment it  is  possible  to  have  a  calibration  table  which  though  short  (and 
therefore  easily  constructed),  yet  gives  a  very  easy  interpolation.  This 
possibility  arises,  first  because  the  ratio  of  E.  M.  F.  to  temperatiu-e  is  nearly 
constant,  and  second,  because  the  unit  of  meastu'ement,  the  microvolt, 
corresponds  very  closely  to  a  decimal  submultiple  of  a  degree,  namdy 
a  thousandth.^  This  is  illustrated  in  Tables  II  and  III.  Table  II  is  a 
small  portion  of  a  table  of  an  actual  thermoelement,  arranged  with  100- 
xnicrovolt  intervals,  that  is,  with  only  10  steps  per  degree.  Table  III 
is  the  same,  written  so  as  to  give  the  number  of  millidegrees  which  must 
be  added  to  the  number  of  microvolts  in  order  to  give  the  true  tempera- 
ture. Here  the  difference  is  only  about  0.0027**,  so  that  the  interpola- 
tion is  easy.  (The  ease  of  interpolation  can  also  be  readily  sectu-ed  in 
using  Table  II,  but  is  more  apparent  in  Table  III.) 

^The  possibility,  therefore,  may  occur  with  the  resistance  thermometer,  sinoe 
this  may  be  made  to  have  the  same  two  properties. 
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Tabids  III. 

Tabids  II. 

Tabls  in. 

croTolts.     Dcgrfici. 

MUlidegreea 

minui 
microvolt!.       DIff. 

MU]id«SE«C9 

minus 

8000         8.39720 

297.2 

8500     8.81082 

310.82 

100  8.39998  299.98 

200  8.50271  302.71 

300  8.60344  385.44 

400  8.70814  308.14 

8500  8.8x082  310.82 


2.78 


2.73 


2.73 


2.70 


2.68 


600   8.91347 
700   9.01609 


313.47 


316.09 


800   9.11870    318.70 


900   9.22129 


321.29 


9000   9 .  32386    323 . 86 


2.65 


2.62 


a. 61 


2.59 


2.57 


7.  Measurement  of  IniervcUs, — ^The  ease  and  precision  of  the  whole  sys- 
tem of  calorimetric  measurements  described  in  the  present  series  of  papers 
depend,  to  a  considerable  extent,  on  the  fact  that  changes  of  tempera- 
ture, not  temperatures,  are  the  subjects  of  the  more  accurate  observa- 
tions. The  cold  jimction  temperature,  therefore,  if  constant,  need  not 
be  known  with  high  precision,  for  it  is  added  both  to  the  initial  and  to  the 
final  reading  of  the  calorimeter  thermoelement,  and  its  errors  disappear 
in  the  resulting  subtraction.^  The  ratio  of  microvolts  to  degrees,  how- 
ever, in  copper-constantan,  changes  about  0.002  per  degree,  hence  on 
this  accotmt  the  cold  junction  temperature  must  be  known  to  0.05* 
for  a  precision  of  o.oooi,  and  correspondingly  for  other  degrees  of  pre- 
cision. This  requirement  is  easily  met — ^by  means  of  k  moderately  good 
mercury  thermometer,  for  instance.  If  the  cold  junction  temperature 
is  measured  in  degrees,  it  must,  of  course,  be  reduced  to  microvolts  before 
being  added  to  the  thermoelement  readings.  This  reduction  needs  to 
be  correct  only  to  50  microvolts  or  so. 

Stunmaiy. 

Inhomogeneity,  once  a  serious  foe  to  precision  in  thermoelements, 
and  still  often  supposed  to  be  such,  can,  without  difficulty,  be  rendered 
practically  negligible  in  copper-constantan  thermoelements  used  for  any 
precision  up  to  50  parts  per  million.  Such  thermoelements,  accordingly, 
may,  except  for  imperfect  insulation,  easily  preventable,  be  free  from  all 
appreciable  errors  other  than  those  (such  as  incomplete  depth  of  immer- 
sion) which  are  possible  with  all  thermometers.  To  attain  this  freedom 
from  error  the  wire  used  must  be  tested,  and  the  essential  though  easily 
satisfied  requirements  peculiar  to  a  thermoelectric  system  must  be  ob- 
served. These  this  paper  attempts  to  consider  in  detail,  and  it  also  de- 
scribes simple  but  important  details  regarding  the  operations  of  construc- 
tion, instdation,  indosure,  calibration,  etc.,  of  the  thermoelements. 

^  One  feature  of  the  system  is  a  provision  for  eliminating  the  effect  of  i^ngi  in  the 
cold  junction  temperature;  this  is  treated  in  a  subsequent  paper. 
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Constantan  wire  for  thermoelements  has  been  so  far  improved  thatr 
continuous  lengths  are  frequently  obtainable  .which  vary  (in  electroitKH 
tive  force  against  copper)  less  than  0.0002,  making  sensitive  thermoele* 
ments  with  errors  usually  less  than  20  per  million. 

The  testing  of  wire  enough  for  a  thermoelement  of  maximum  sensitive- 
ness takes  but  an  hour  or  two,  with  simple  apparatus. 

On  account  of  the  ease  with  which  thermoelements  can  be  constructed, 
the  more  sensitive  combination  of  several  couples  is  generally  preferable 
to  a  single  couple,  even  for  cruder  meastu-ements. 

GBOPcnrucAi,  Labomatomy, 
CAiufVois  Inbtttution  ov  Washington, 

WASBDfOtOK,  D.  C. 


EAST  CALORIMETRIC  METHODS  OF  HIGH  PRECISION. 

By  WALTSft  P.  WAITS. 

Iteetived  September  23.  1914. 

In  calorimetry  by  the  "Method  of  Mixtures"  a  precision  of  i  per  imlle 
appears  to  be  generally  counted  excellent.  It  scarcely  deserves,  how- 
ever, to  be  considered  high  at  the  present  time.  Calorimetric  precision 
depends  more  on  the  adequacy  of  the  apparatus  than  on  any  special  skill 
exercised  by  the  observer;  and  it  has  been  foimd  that  appropriate  appa- 
ratus and  methods  are  easily  attainable  which  will  yield  a  precision*  ap- 
proaching o.  I  per  mille  with  little  more  labor  than  is  needed  to  get  i  per 
nuUe  with  some  customary  arrangements.^  It  is  true  that  i  per  mille 
appears  in  most  cases  to  be  quite  sufficient.  Errors  in  associated  tern* 
peratures  or  defects  in  chemical  purity  are  often  such  that  a  higher  c&lori-' 
metric  precision  would  be  of  comparatively  little  value.  Nevertheless, 
there  are  cases  where  a  higher  precision  is  desired,  and  these  will  doubt^ 
less  increase  with  the  general  progress  of  science;  often,  too,  the  associated 
measurements  or  the  chemical  purity  attained  have  probably  really  been 
governed  by  the  limitations  of  the  calorimeter,  and  would  readily  be  im- 
proved if  greater  calorimetric  precision  should  appear  less  difficult 
to  get;  finally,  there  are  many  determinations  where,  though  high! 
relative  precision  may  not  be  desired,  yet  high  absolute  precision  is 
necessary  on  account  of  an  unavoidable  small  temperature  interval  (in 
measuring  heats  of  dilution,  for  instance).  A  relative  precision  of  from  i 
to  o.  I  per  mille,  and  an  absolute  precision  of  from  o.ooi**  to  o.oooi** 
are  therefore  of  interest,  and  these  are  in  view  in  the  present  paper. 

Precision  in  calorimetry  depends  first  upon  the  temperature  measure- 
ment, and  second  upon  the  d^ermination  of  the  heat  which  escapes  and 
is  determined  indirectly.    The  control  of  the  heat  losses  has^  been  made 
not  only  sufficient  for  the  highest  precision,  but  convenient,  owing  mainly 
*  One-fiftieth  per  mille  has  been  reached,  under  spedally  favorable  condition^;  '^ 
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to  the  introduction  of  convenient  and  simple  arrangements  for  complete 
indosmie  of  the  calorimeter  by  the  jacket.  With  this  complete  indosure 
given,  the  other  essentials  of  effective  control,  namdy,  accurate  measure- 
ment of  the  jacket  temperature  and  control  of  evaporation  and  heat  ot 
stirring,  are  easily  added.  In  the  temperature  measurement  electric 
thermometers  give  hig^  precision,  but  their  relative  convenience  is  not  so 
evident.  This  convenience,  however,  has  been  increased  in  the  case 
of  the  resistance  thermometer  by  th^  work  of  recent  years,  and  especially 
by  the  improvements  of  Dickinson  and  Mueller,  who  have  produced  in- 
struments convenient  enough  for  commerdal  work,  and  also  capable  of 
more  than  commercial  predsion  tmder  proper  conditions. 

The  differential  thermodement  is  inherently  free  from  the  most  serious 
sources  of  error  affecting  the  resistance  thermometer,  and  hence  affords 
methods  which,  on  account  of  the  extraordinarily  few  precautions  needed 
in  them,  are  highly  convenient  as  wdl  as  certain.  The  dectrical  arrange- 
ments and  their  advantages  have  been  described  in  detail  in  previous 
papers  of  the  present  series.^  Some  of  these  advantages  are  obtained  at 
the  expense  of  a  slight  complication  on  the  calorimetric  side.  The  present 
paper  deals  with  various  arrangements  by  which  this  disadvantage  can 
be  minimized. 

The  complication  is  the  addition  of  a  second  calorimeter,  the  comparison 
or  "cold"  calorimeter,  in  place  of  the  more  familiar  ice  bath  around  the 
"cold"  end  of  the  thermoelement.  The  advantages  thereby  secured  are, 
first,  avoiding  the  ice  bath  and  its  smaU  errors,  and  second,  gaining  the 
power  to  make  the  measured  temperature  difference  as  small  as  the  change 
in  the  working  calorimeter,  and  hence  securing  a  precision  which,  up  to 
a  certain  point,  becomes  greater  as  the  measurement  becomes  more  deli- 
cate, and  thus  tends  to  increase  in  proportion  to  the  need  for  it.  The 
exact  temperatures  of  the  two  calorimeters  are  of  no  importance.  The 
changes  in  the  temperature  of  the  added,  or  comparison,  calorimeter  are 
determined  along  with  those  unavoidable  in  the  working  calorimeter,  and 
therefore  add  practically  nothing  either  to  the  error  or  to  the  number  of 
observations  required. 

One  method  of  this  sort  has  already  been  employed,'  especially  in  Ger- 
many, with  the  second  calorimeter  an  exact  dupUcate  of  the  first.  The 
differences,  however,  between  that  earlier  method  and  those  here  described 
are  rather  important.  First,  the  thermoelements  and  the  auxiliary  ap- 
'  "Thermoelement  Installation,  Especially  for  Calorimetry,"  This  Journal,  36^ 
1856  (19 14);  "Potentiometers  for  Thermoelectric  .Work,  Especially  in  Calorimetry»** 
Ikid,,  36,  1868;  "Leakage  Prevention  by  Shielding,  Especially  in  Potentiometer  Sys- 
tems/' Ibid,,  36,  201 1 ;  "Thermoelements  of  Precision/'  Ibid,,  369  2292. 

'  H.  von  Steinwehr,  Z,  physik,  Chem,,  38,  185  (1901);  H.  Hausrath,  Ann.  PkytiMp 
9»  523  (1903);  G.  ROmelin,  Diss.  G6U,,  1905;  Z.  Physik.  Chem,,  58,  449  (1907);  H« 
Mi^pius,  Ann,  Physik,  31, 597  (1910);  Z.  Instrumentukunde,  32,  127  (1912). 
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paratus  of  the  German  investigators  were  less  developed;  and  therefore, 
while  admirably  adapted  to  their  object,  the  securing  of  great  delicacy 
with  a  very  simple  installation,  they  were  not  very  flexible  nor  favorable 
to  high  relative  precision.  Second,  the  German  investigators  attached 
far  greater  importance  to  the  strictly  calorimetric  advantages  of  the  twin 
calorimeters — ^that  is,  to  the  partial  compensation  of  heat  losses  which  re- 
sulted from  the  similarity  of  the  two.  In  the  present  methods  a  still 
better  control  of  heat  losses  had  already  been  attained  by  thorough  jacket- 
ing; the  second  calorimeter  thus  became  of  value  solely  as  an  aid  in  tem- 
perature measurement,  and  arrangements  more  accurate  and  much  more 
convenient  than  the  twin  became  possible. 

The  validity  of  our  methods  of  treating  the  second  or  "cold"  calorim- 
eter can  perhaps  be  most  directly  shown  by  means  of  the'  very  simple 
mathematical  analysis  of  the  thermal  actions  involved,  which  at  the  out- 
set convinced  us  of  the  relative  inferiority  of  the  twin  arrangement.  This 
anatysis  is  the  more  worth  while  since  the  notion  is  very  plausible,  and  is 
probably  widely  held,  that  similarity  in  a  pair  of  calorimeters,  by  provid- 
ing an  automatic  compensation  of  certain  thermal  actions,  is  able  to  re- 
move serious  sources  of  error. 

X.  Thermal  Relations  of  the  Calorimeters. 

Consider  two  calorimeters,  or  other  bodies,  the  active  one  a,  and  the 
blank,  or  comparison  body  b.    Let 

9a,  9^  be  their  temperatures. 

Ctf,  C^  the  temperattu-e  of  the  chamber   (jacket)   in  which  each  is; 

Ka,  Kf,  their  cooling  factors,  as  dependent  on  the  chamber,  that  is,  as  de- 
fined by  {fi.  g.), 

d9«/cft=(C«  — 9jii:« 

k^,  kf,  their  cooling  factors  toward  each  other,  defined  by  {e.  g.), 

dea/d<  =  (e^-9j*a 

w^,  Wif  temperature  change  due  to  evaporation  and  stirring. 

d/dt  (9a  —  9^)  is  then  the  rate  of  change  of  the  differential  temperature, 
that  is,  of  the  temperature  which  is  observed  with  the  highest  precision 
and  which,  when  corrected,  gives  the  calorimetric  interval. 

Then,  in  the  most  general  case,  considering  only  the  heat  passing  to  or 
from  the  environment, 

d/di  (9,-9^)  =  K,{C^-Q:i-K,{C,-%)  + 

*a(G»-9a)  +  k^{%  —  Ba)  +  W^-W^.      (l) 

If  the  bodies  are  in  the  same  jacket,  this  becomes 
d/dt  (9.-9,)  -  K.{C-Q,)  - K,(C-e,)  + 

(*^  +  *6)(e*— 9«>  +  u^.-v*,   (2) 

which  may  also  be  written: 
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d/A(e^-e»)  «  (K^  +  ka  +  hnQ,-6,)  + 

(K^-K,)(C-et,)+w,-w^.    (3) 
If  the  calorimeters  can  be  treated  as  equal  the  last  two  terms  vanish, 
and  we  have  the  very  simple  expression: 

d/dtie.-6,)  =  iK+ 2k)(Q,-6,)  (4) 

Equations  i,  3  and  4  are,  of  course,  the  formulae  for  finding  the  cooling 
corrections  under  the  different  conditions  described. 

2.  The  Twin  Calorimeter  Method. 

JFrom  th^  equations  the  limitations  of  the  twin  calorimeter  methods 
are  easily  seen.  Equation  4,  to  be  sure,  is  exceedingly  simple,  and  the 
external  temperature  does  not  appear  in  it  at  all,  so  that  complete  inde- 
pendence of  the  environment  and  its  changes  appears  to  have  been  gained. 
But  Equation  4  applies  only  to  the  ide^  case  of  the  twin  method,  the 
case*  where  the  calorimeters  are  identical  twins  in  a  perfectly  imiform 
environment.  In  practise,  there  will  be  differences  in  the  cooling  rates 
Kg,  aiid  Kf,,  and  irregularities  in  the  exterior  temperature  distribution, 
so  that  (3)  or  even  (i)  will  be  the  correct  equation.  But  these  equa- 
tions are  not  practically  usable,  and  yet  a  neglect  of  the  extra  terms 
they  contain  can  easily  be  shown  to  involve  a  danger  of  error.  For  in- 
stance, if  Ka  and  Kj,  differ  by  only  5%,  and  external  temperatures  are  so 
uniform  that  (3)  holds,  then  C  —  0(>,  the  temperature  difference  of  jacket 
and  cold  calorimeter,  must  ordinarily  be  and  remain  less  than  the  change 
in  the  working  calorimeter,  in  order  that  (4)  may  be  used  without  an  error 
of  I  per  mille,  and  less  than  o.  i  of  that  change  for  a  precision  of  o.  i  per 
mille. 

There  are  three  methods  of  diminishing  this  diflSculty,  but,  even  so, 
the  twin  arrangement  remains  less  advantageous  than  that  described 
below.    These  three  methods  are  r 

(i)  By  a  very  careful  adjustment  of  the  equality  of  the  calorimeters 
and  of  the  imiformity  of  their  immediate  environment.  This  is,  in  gen- 
eraly  decidedly  troublesome. 

(3)  By  running  a  "fore"  and  an  ** after"  cooling  period,  as  in  the 
Pfaundler  method  with  single  calorimeters.  The  errors  from  the  extra 
tierms  in  (i)  and  (3)  are  then  considerably  diminished,  as  can  easily  be 
shown.  This  requires  3  observation  periods,  and  is  thus  more  laborious 
than  the  other  methods  given  later  (which  require  but  2)  besides  being 
less  accurate.^ 

(3)  By  using  a  completely-inclosing  jacket,  so  that  the  total  efifective 
temperatm-e  arotmd  the  calorimeters  can  be  definitely  known,  and  then 
taking  advantage  of  this  knowledge  to  make  C  —  9^,  the  jacket-c<dd- 

*  It  is,  however,  more  accurate  than  the  same  three-period  method  with  a  single 
calorimeter.  - 
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calorimeter  temperature  difference  of  Eqtiation  3»  negligibly  small,  so  that 
the  term  containing  it  vanishes  and  Equation  4  practically  applies.^  Since 
approximate  temperature  adjustments  are  easily  made,  and  since  a  very 
rough  approximation  to  equality  between  the  two  cooling  rates,  K^  and 
Kb,  is  now  sufficient,  this  method  is  not  laborious.  The  working  calorim- 
eter alone,  however,  is  now  quite  as  effective  as  the  twin  arrangement, 
since  (i)  the  jacket-calorimeter  temperature  difference,  which  must  be 
measured  to  get  the  cooling  correction  of  the  single  calorimeter,  is  numer- 
ically almost  the  same  as  the  temperature  difference  between  the  two 
calorimeters,  which  plays  a  corresponding  part  in  work  with  them,  and 
(2)  the  effect  of  irregularities  in  the  jacket  temperature  is  similar  and 
rather  larger  with  the  twin  arrangement.' 
The  duplicate  calorimeter,  then,  is  as  a  rule  of  no  advantage  thermally 

^  The  German  investigators  who  have  worked  with  the  twin  calorimeters  have,  in 
general,  used  the  first  two  of  these  methods,  and  also  got  some  of  the  benefits  of  the 
third  by  initially  adjusting  to  equality  the  four  temperatures  of  the  room,  of  the  (in- 
complete) jacket,  and  of  the  two  calorimeters.  Their  methods  were  thus  effective  but 
laborious,  and  need  not  be  ftuther  treated  here.  Two  special  features  of  their  pro- 
cedure, however,  appear  to  deserve  comment,  since  they  have  to  do  with  principles 
of  general  application  in  calorimetry. 

One  of  these  features  occurs  in  A.  Magnus'  very  interesting  and  ingenious  installa- 
tion (Loc.  cU,).  Magnus  used  calorimeters  holding  60  liters,  and  did  so  for  the  purpose 
of  diminishing  the  cooling  correction.  If  his  intention  was  to  increase  also  the  qu£mtity 
of  heat  measured,  keeping  the  temperature  interval  the  same,  the  procediue  was 
correct.  In  comparison  with  calorimeters  of  one  twenty-seventh  the  size,  or  2.2  liters, 
the  heat  losses  would  be  only  one-third  as  great,  since  the  surface,  though  nine  times  as 
great,  is  smaller  in  proportion  to  the  amount  of  heat  measured.  If,  however,  the 
intention  was  to  measure  the  same  amount  of  heat  with  the  larger  calorimeters,  the 
ninefold  surface  would  mean  a  ninefold  increase  in  the  effect  of  irregularities  and  un- 
certainties in  the  external  temperature,  to  which  in  most  installations  (including, 
probably,  that  of  Magnus)  nearly  all  the  heat  loss  errors  are  due.  In  such  a  case, 
then,  these  errors  not  only  fail  to  be  decreased,  but  are  largely  increased  by  the  use  of 
sudi  Gargantuan  calorimeters. 

Another  notable  future  of  some  previous  work  is  the  use  of  insulating  lairers,  as 
of  cork,  between  the  twin  calorimeters.  As  to  that,  all  methods  based  on  (3)  or  (4) 
have  one  advantage  which  deserves  mention.  The  direct  heat  flow  from  one  calorim- 
eter to  the  other  (terms  containing  small  ka  and  kj,)  does  not  complicate  the  case  at 
.  all,  not  even  if  Ka  and  Kh  are  unequal,  as  is  evident  from  (3)  and  (4).  To  bring  the 
jacket  in  between,  so  as  to  prevent  a  direct  heat  flow,  is  a  superfluous  complicatton; 
to  put  between  any  heat  insulating  material  (as  has  often  been  done)  is  an  immitigated 
disadvantage,  since  any  such  layer  will  have  a  lagging  temperature,  and  its  insertion 
therefore  means  the  introduction  of  a  real  error  in  order  to  avoid  a  purely  imaginary 
one. 

*  The  jacket  temperature  is  more  changeable  than  that  of  the  cold  calorimeter, 
and  hence  might  need  to  be  measured  more  frequently,  but  this  fact  is  of  no  practical 
importance  in  most  cases,  especially  since  the  working  calorimeter  temperature  i» 
usually  more  changeable  than  that  of  the  jacket,  so  that  it  gQv^nvi  the  number  of 
observations  needed. 
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when  a  complete  jacket  is  used,  and  is  comparatively  unsatisfactory 
whenever  a  complete  jacket  is  not  used.  Its  real  advantage,  therefoie, 
is  not  calorimetric  but  thermometric;  its  usefulness  lies  almost  entirely 
in  securing  the  simplicity  and  the  high  precision  of  the  differential  thermo- 
electric measurement. 

3.  The  Compensated  Cold  Calorimeter. 

Two  features  distinguish  our  present  method,  the  "Compensated 
Calorimeter  Method."  First,  the  second  calorimeter  is  simply  a  vacuum- 
jacketed  vessel,  whose  cooling  factor  (lag  constant)  is  from  one-fifth  to 
one-tenth  as  great  as  that  of  most  duplicate  calorimeters  would  be. 
Thereby  all  adjustments  of  the  temperature  of  the  second  calorimeter, 
or  of  the  amotmt  of*  water  in  it,  as  well  as  all  temperature  measurements 
or  distributions  affecting  it,  need  but  one-fifth,  or  less,  of  the  precision 
needed  in  a  twin  installation.  Indeed,  as  we  shall  see  presently,  the  use  of 
such  a  vessel  as  cold  calorimeter  reduces  to  one-fifth,  or  less,  the  precision 
needed  in  adjustments  affecting  the  cooling  constant  of  the  wcirking 
calorimeter  also.  This  arrangement,*  considering  the  heat  losses  alone, 
is  still  not  quite  so  good  as  a  properly  jacketed  single  6alorimeter,  but  its 
errors  are  a  little  less,  and  its  convenience  much  greater,  than  with  the 
twin  method. 

The  second  feature  is  a  specially  arranged  thermoelement  combina- 
tion, used  for  the  cooling  correction  determination,  and  made  necessary 
by  the  fact  that  Equation  4  does  not  apply  unless  the  cooling  correctiaiis 
of  the  two  calorimeters  are  equal.  The  combination  consists  of  two 
auxiliary  thermoelements,  each  running  from  the  jacket  to  one  of  the  calorim- 
eters. These  thermoelements  are  connected  in  series,  so  that  their  com- 
bined E.  M.  F.  is  obtained  by  a  single  reading.  One  of  the  thermoelements 
is  compensated  for  the  difference  in  the  cooling  constants  of  the  calorim- 
eters, that  is,  it  is  adjusted  so  that  its  sensitiveness  is  to  that  of  the 
other  thermoelement  in  the  same  ratio  as  the  cooling  constants  of  the  re- 
spective calorimeters.  Each  reading  will  then  be  proportional  to  the  tem- 
perature rate  of  its  particular  calorimeter,  and  the  combined  reading  to 
the  resultant  change  in  both.  For  instance,  one  of  otu*  comparison  calorim- 
eters has  a  cooling  factor  which  is  one-sixth  that  of  the  working  calorim- 
eter, and  its  auxiliary  thermoelement  is  accordingly  made  one-sixth 
as  sensitive  as  that  of  the  other.  A  given  electromotive  force  in  this 
auxiliary,  therefore,  accompanies  six  times  as  large  a  temperature  inter- 
val as  with  the  working  calorimeter  auxiliary.  But  this  six-fold  tem- 
perature difference,  acting  upon  the  six  times  smaller  cooling  factor,  pro- 
duces the  same  rate  of  temperature  change,  and  therefore  the  same  magni- 
tude of  effect  on  the  main  differential  thermoelement,  as  ^rould  accom- 
pany the  same  electromotive  force  in  the  working  calorimeter  auxiliary. 
The  phange  in  the  main  thermoelement  will  therefore  be  proportional 
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to  the  reading  of  the  combined  auxiliary  elements,  whatever  their  indi- 
vidual electromotive  forces  may  be,  and  hence  that  combined  reading 
may  be  used  like  G*  —  8^  in  the  second  member  of  Equation  3  or  4,  giv* 
ing  a  cooling  correction  formula  as  simple  as  that  of  the  twin  airangement, 
or  as  that  of  a  completely  jacketed  single  calorimeter.^ 

Of  course  this  compensated  airangement  demands  a  complete  and 
tmiform  jacket.  But  since  such  a  jacket  is  easy  to  make  (see  Pig*  3 
in  Section  gb),  saves  many  uncertainties  and  precautions,  and  is  neces^ 
sary  for  very  high  precision  with  other  methods,  this  requirement  cannot 
be  considered  a  real  drawback. 

The  lower  sensitiveness  of  the  auxiliary  thermoelement  of  the  cold 
calorimeter  is  obtained,  in  part,  by  using  fewer  couples,  but  also,  as  a  rule, 
by  the  use  of  a  shunt.  By  providing  several  interchangeable  shunts, 
several  working  calorimeters  can  be  used  with  the  same  cold  calorimeter 
and  auxiliary  thermoelement.  The  adjustment  of  the  shunt  demands  a 
determination  of  K^^  and  K^  (the  two  cooling  rates)  at  the  time  the  calmm- 
eters  are  first  put  in  commission.  A  very  approximate  determinaticm 
suflSces,  however.  This  is  because  K^,  the  cooling  factor  of  the  working 
calorimeter,  will  seldom  be  strictly  constant,  hence  there  is  no  advantage 
in  maintaining  or  measuring  K^  with  great  precision;  instead,  the  tempera- 
ture difference  C  —  Oj  of  Equation  3  is  kept  small,  as  suggested  above 
(Section  2),  in  order  to  make  negligible  the  term  omtaining  C  —  0>.  For 
the  same  reason,  the  shunt  need  not  be  very  constant;  a  copper  shunt, 

^  The  equation  for  this  arrangement,  corresponding  to  Equation  3,  is  obtained  4s 

foUows: 

Let  n  be  the  ratio  of  the  two  cooling  rates  Ka  and  K^.    Then  the  reading  of  the 

Ob —  C 
add  calorimeter  auxiliary  will  be  made  proportionate  to  .     Since  Equation 

2,  omitting  the  small  k*s,  may  be  written: 

d/dt  (Oa  —  e^)  -  JC,  (e«  —  O  —  n  JC*  -^ +Wa'-Wb 

we  may  have  instead  of  (3) : 

d/dtiea-oi,)  -  Jt«(e.-c-^^^) 

+  (Ka  —  nKb) +  Wa  —  W6 


-K.{..-C-^^^ 


+  {^-Kb)  (Ob-'Q+Wa-Wb  (3a) 

where  (8a  —  C —  (65  —  0/*»)  is  the  combination  auxiliary  reading,  andXa/n — Kb, 
like  Ka  —  Kb  of  (3),  is  the  difference  of  two  nearly  equal  quantities.  In  this,  the 
error  term,  here,  Ka  appears  divided  by  n — that  b,  every  error  due  to  variation  in  the 
cooUng  rate  of  the  working  calorimeter  is  dinunisbed  by  r^ucin^  the  cooling  rate  of  the 
other. 
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which  may  possibly  vary  nearly  5%  as  a  result  of  temperature  chaxiges, 
is  admissible,  though  a  shtmt  mainly  of  manganin,  constructed  so  as  to 
be  thermoelectrically  neutral,  is  usually  more  convenient.  The  tempera- 
ture difference  of  jacket  and  cold  calorimeter,  C  —  G*,  can  be  as  large 
as  o.  2  °,  and  a  simultaneous  variation  of  5%,  both  in  K^  and  in  the  resist- 
ance  of  a  copper  shunt,  will  not  cause  an  error  of  o.oooi °  in  a  period  of 
10  minutes.  If  K^  is  likely  to  be  constant  to  2%,  as  will  often  be  the  case, 
and  the  shunt  is  of  manganin,  adjusted  to  2%,  C  —  9^  may  vary  0.5**. 
For  longer  intervals,  of  course,  the  tolerance  is  correspondingly  less. 

If  the  working  calorimeter  is  also  a  vacuum-jacketed  vessel,  the  cold 
calorimeter  can  profitably  be  made  like  it,  and  then  there  will  usually 
be  little  to  choose  in  efficiency  between  the  compensated  and  the  twin 
method. 

4.  Divided  Installations. 

All  the  important  advantages  of  the  above  method  can  be  secured  if 
the  two  calorimeters  are  in  separate  jackets  which  are  at  different  tem- 
peratures. The  only  requirement  is  to  let  each  section  of  the  combined 
auxiliary  thermoelement  run  to  the  jacket  surrounding  its  own  calorim- 
eter. The  two  can  be  as  easily  connected  and  read  in  series  as  if  they 
ran  to  the  same  jacket. 

.  The  comparison  calorimeter  and  its  jacket  must  have  the  same  equality 
of  temperature  as  is  necessary  with  a  single  jacket,  and  departure  from 
this  brings  errors  of  the  same  amount;^  the  jacket  around  the  working 
calorimeter  may  have  any  varying  value,  just  as  in  work  with  a  single 
calorimeter. 

This  method  is  more  adaptable  than  the  single  jacket  method,  and  is, 
of  course,  essential  if  adiabatic  methods  are  to  be  used.  It  is  a  little  more 
expensive  if  constructed  from  the  start,  but  less  so  where  a  jacketed 
single  calorimeter  is  already  at  hand. 

5*  Thermostats. 
With  a  single  calorimeter  it  is  often  convenient  to  make  the  jacket  a 
thermostat.  This  may  save  considerable  tiresome  preliminary  adjust- 
ing of  temperatmres,  renders  the  subsequent  observations  more  uniform, 
enables  determinations  to  be  more  readily  compared,  since  all  have  the 
same  initial  temperatures,*  and  reduces  the  necessity  of  deaUng  with 
troublesome  temperature  coefficients  in  thermochemical  work.  With  a 
comparison  calorimeter  still  further  advantages  of  the  thermostat  appear; 
the  equality  of  temperattu'e  between  the  jacket  and  the  comparison 
catorimeter  may  be  made  more  exact  with  less  trouble,  and  hence  greater 

*  That  is,  errors  depending  only  on  the  difference  ( Kb)  of  Equation  3a. 

*  The  supply  of  water  for  the  working  calorimeter  can  conventiently  be  kept  in  a 
bottle  immersed  in  the  thermostat  jacket. 
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latitude  is  allowed  in  the  permanent  adjustment  of  the  compensating 
shunt  (of  the  auxiliary  thermoelement),  and  also  in  the  temporary  values 
of  the  cooling  factor  of  the  working  calorimeter,  all  of  which  makes  for 
ease  and  precision.  With  the  high  precision  appropriate  to  the  differ* 
ential  calorimetric  methods>  however,  there  arises  a  di£Sculty  in  using 
a  thermostat  with  an  ordinary  calorimeter.  With  such  a  calorimetei-'  a 
predmon  approaching  0.0001°  usually  demands  that  the  differential 
temperattu'e,  in  which  the  jacket  enters,  be  measiu-ed  to  better  than 
0.003 ^  But  if  the  jacket  temperature  is  oscillating  through  0.01°  or 
so,  any  one  measurement  of  it  may  be  0.005®  from  the  mean,  so  that  thene 
may  be  an  error  of  0.005®,  unless  an  unusually  and  objectionably  latige 
number  of  observations  is  made.  The  difficulty  can  be  avoided:  (a); 
by  using  a  thermostat  accurate  to  0.001°,  methods  of  doing  which  ^inJl 
probably  be  discussed  later  on.  (6)  By  putting  within  the  thermostat 
only  the  vacuiun-jacketed  calorimeter,  whose  low  cooling  factor  renders 
a  constancy  of  0.01°  sufficient;  foregoing,  of  course,  the  advantages  of 
a  thermostat  around  the  working  calorimeter,  (c)  By  working  the  themxH 
Stat  with  the  heater  very  near  ;the  regulator  bulb,  whidi  makes  the  oscilla- 
tions shorter,  and  therefore  smaller;  th^  resulting  increased  influence. of 
room  temperature  upon  the  bath  will  act  too  slowly  to  be  troublespme. 
(d)  By  increasing  the  lag  of  the  jacket  ends  of  the  auxiliary  thermoele- 
ments, so  that  the  reading  depends  on  the  tnean  temperature  of  the  jacket. 
This  can  be  done  by  pulling  over  a  rubber  tube.  There  need  be  no  fear 
for  the  accuracy  of  this  method,  since  the  only  objection  to  the  thermo- 
stat is  that  a  single  reading  of  an  oscillating  temperature  is  usually  not 
representative.^ 

In  a  thermostat  used  as  here  indicated,  if  the  heater  is  put  near  the 
bottom,  there  is  no  need  whatever  to  have  the  stirrer  in  operation  except 
during  the  determinations  and  for  a  few  minutes  before. 

If  the  thermostat  is  constant  to  o.oi^  the  cold  calorimeter  can  (ordinarily)  be 
made  to  have  quite  negligible  temperature  fluctuations,  and  so  can  be  used  simply  £is 
a  body  of  constant  temperature,  constituting  a  frequently  advantageous  substitute  for 
an  ice  bath.'  The  addition  of  the  compensated  («.  e.,  shunted)  auxiliary  thei mo- 
element  (not  yet  devised  in  19 10)  improves  this  method,  so  that  its  original  form  may 
be  said  to  have  been  superseded.  Used  with  the  shtmted  auxiliary,,  of  course,  It  is 
nothing  but  the  regular  compensated  calorimeter  method  as  used  with  a  thermostat. 

The  copper  block  formerly  suggested  for  the  compaiison  calorimeter  also  seems  less 
desirable  than  the  present  arrangement.  Although  such  a  block  has  been  used  (in- 
dependently) in  other  laboratories  as  a  working  calorimetier,  as  a  comparison  calorim- 
eter it  b  less  e£Eectiye,  and  probably  less  simple  to  instal,  than  a  vacuum-jacketed 
bottle  with  a  simple  stirrer. 

^  If  the  oscillations  of  the  thermostat  temperature  are  too  slow,  however  (a  minute 
or  more)  they  may  make  a  more  than  negligible  tmevenness  in  the  variation  of  the 
calorimeter  temperatiure. 

•  Described  frbm  this  laboratory  in:  "Some  Calorimetric  Methods'*  (Phys.  Rev., 
3h  557  (1910))  under  the  name  of  "comparison  body." 
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6.  Compensatioii  of  fhe  Stirring. 

With  twin  calorimeters  the  heat  of  stirring  in  each  is  naturally  com- 
pensated by  that  in  the  other,  and  the  same  compensation  can  easily  be 
obtained  by  a  little  adjustment,  where  the  two  calorimeters  are  unlike. 
This  is  a  possibility  belonging  only  to  two-calorimeter  systems.  There 
will  usually  be  considerable  doubt,  however,  as  to  whether  the  compensa- 
tion is  better  than  the  alternative  procedure,  which  is  to  make  the  stirring 
of  the  working  calorimeter  so  constant  that  variations  in  the  heat  produced 
are  negligible,  at  the  same  time  simply  making  the  stirring  very  slow  in 
the  cold  calorimeter,  which  will  always  be  admissible.  The  constant 
stirring  may  perhaps  call  for  a  governor;  the  compensation  demands 
that  the  stirrers  of  the  two  calorimeters  be  somehow  geared  together, 
and  that  with  each  of  them  pains  be  taken  to  see  that  no  change  in  condi- 
tions is  allowed  to  occur  which  may  affect  the  relation  of  heat  produced 
to  speed  of  stirring.  Experience  of  the  relative  merits  of  the  two  pro- 
cedures appears  to  be  wholly  lacking;  a  brief  discussion  of  calorimeter 
stirring  in  general  has  been  published  elsewhere.^ 

7.  Experience  with  the  New  Methods. 

The  "Comparison  Body"  method,  and,  subsequently,  the  "Compen- 
sated Calorimeter"  method,  have  been  used  in  the  Geophysical  Laboratory 
for  the  last  two  years.  Their  convenience  has  been  clearly  shown.  The 
work  thus  far  done  with  them,  and  the  auxiliary  apparatus  used,  have 
not  been  adequate  to  show  the  precision  of  which  they  are  probably  capa- 
ble, but  some  indication  of  it  has  been  obtained  in  the  following  case: 
Eight  regular  calorimetric  determinations  were  extended  to  occupy  an 
hour,  when  it  was  found  that  for  successive  ten-minute  intervals  the 
temperatiu*e  observations  were  concordant  to  0.000070**  on  the  average. 
Even  with  absolutely  perfect  apparatus  an  average  variation  of  0.000035^ 
would,  in  accordance  with  the  laws  of  chance,  have  resulted  from  the  fact 
that  the  record  was  only  made  to  o.oooioo®;  the  average  error,  therefore, 
was  considerably  less  than  0.000070^,  and  this  includes,  besides  the  er- 
rors of  the  electrical  s)rstem,  the  effects  of  tmcertainties  in  jacket  tempera- 
ture and  in  measuring  it,  of  variations  in  stirring,  and  of  the  observer's 
possible  failure  always  to  estimate  tenths  correctly.  This  result  was 
reached  without  using  a  thermostat,  and  in  a  room  of  very  changeable 
temperature. 

8.  Experimental  Details. 

(a)  The  Comparison,  or  *'Cold**  Calorimeter, — ^Where  a  single  jadcet  is 
used,  the  vacuum-jacketed  comparison  calorimeter  can  be  immersed  in 
it,  just  outside  the  chamber  holding  the  working  calorimeter,  and  can  be 
covered  with  the  same  cover,  as  is  partly  shown  in  Fig.  3.  In  our  own 
» "Lag  Effects  and  Other  Errors  in  CalorimcUy,"  Walter  P.  White.  Phys,  Rt9., 
3X»  575  (19x0). 
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work  the  comparison  caloriineter  was  in  a  separate  jacket.  An  attempt 
was  made  to  secure  complete  uniformity  of  temperature  around  the 
calorimeter  by  means  of  a  cover  of  very  thick  copper,  but  a  more  certain, 
more  effective,  and 
easier  way  of  accom- 
plishing this  result  af- 
terward ^seemed  to  be 
by  means  of  the 
double  walled  "water 
cap"  shown  in  Fig.  i. 
This  was  made  by  a 
tinner  for  about  $4.00, 
and  was  at  once  ready 
for  use.  Filled  with 
water,  and  with  one 
opening  placed  over 
the  jacket  stirrer,  it  -^ 

provides  abundant 
circulation  above  the 
calorimeter,  and, 
touching  the   open 

water  on  all  sides,  it  ^ 

absolutely  excludes  air  Z 

currents  from  the  in-  - 

closed  space.  The 
thermoelement,  as  it 
runs  to  the  calorim-  ^ 
eter,  dips  down  under 
this  cover,  and  thus 
passes  for  some  dis- 
tance through  the 
water.  This  arrange- 
ment can  be  made  to 

prevent  any  influence  B. 

of  the  room  tempera-  pjg,  ,. — Copper  "water  cap,"  which  helps  secure  a  tmiform 
ture  upon  the  calorim-    temperature  completely  surrounding  the  cold  calorimeter. 
Cter.     A  reciprocating       A,  Perspective;  B,  Sectional  View,  with  a  calorimeter, 
"bucket"     stirrer     is  ^^'    ^"  auxiliary  thermoelement  is  omitted  to 

,    .^,    ^    .  -  simplify  the  drawing. 

used  (that  is,  a  long 

tube  with  a  light  hinged  valve),  which  can  be  operated  by  rods  passing 
up  from  below  through  the  water,  and  therefore  without  complicating 
the  cover. 
Evaporation  tmder  the  water  cap  can  be  prevented  by  pouring  a  layer 
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of  heavy  oil  on  the  water  in  the  calorimeter,  and  then  keeping  the  calorim- 
eter ^ways  a  little  warmer  than  the  jacket.  When  evaporation  was 
permitted,  however,  it  only  increased  the  cooling  rate  20%,  and  it  must 
become  constant  very  quickly  in  the  small  inclosed  body  of  saturated  air, 

-P  so  it  is  allowed  to  occur  im- 

Main  3?  hindered. 

Another  arrangement  ol 
the  comparison  calorimeter 
was  tried,  and  is  shown, 
somewhat  improved,  in  Fig. 
2.  The  cover,  a  sort  of 
diving  bell,  is  borne  by  the 
thermoelement  case.  The 
insertion  of  the  thermoele- 
ment carries  down  the  air 
which  fills  this  bell  and  sur- 
rounds the  neck  of  the 
calorimeter. 

Here  the  calorimeter  tem- 
perature automatically  be- 
comes equal  to  that  of  the 
jacket  whenever  the  thamo- 
element  is  removed.* 
(b)  An  Inexpensive  Com- 
—  plete  Jacket, — ^The  water  cap 

Fig.  2. — '"Submarine"  arrangement  of  cold  calorim-    just  described  serves,  with 
eter,  accomplishing  the  same  object  as  the  ^  ^^^^  modification,  as  the 

water  cat) 

most  characteristic  part  of  a 
completely  inclosing  jacket  for  working  calorimeters,  and  this  deserves  de- 
scription here,  since  the  value  of  the  ** Compensated  Calorimeter  Method" 
is  somewhat  dependent  on  the  ease  with  which  complete  indosure  can  be 
attained.  An  installation  now  in  process  of  construction  has  the  follow- 
ing essentials  (Fig.  3):  (i)  For  the  outer  vessel  a  commercial  paper  tub 
is  used,  which  of  course  reduces  expense.  (2)  Two  metal  bars  crossing  this 
tub  at  the  top  serve  to  support  the  inclosure  of  the  calorimeter  chamber. 
(3)  This  inclosure  consists  of  two  parts.  The  lower  part  is  a  nearly  plain 
pot  of  suitable  shape,  which  ordinarily  remains  fixed  in  positicm,  though 
it  can  be  changed,  if  desired,  when  a  change  is  made  in  the  working  calorim- 
eter.    (4)  The  upper  part,  or   jacket   cover,  is   a   parallehpipedal  box, 

*  This  of  course  supposes  that  the  stirrer  is  operated  when  the  calorimeter  has 
become  colder  than  the  jacket.  In  this  «Lse  it  may  be  desirable  or  necessary  to  insert 
a  wide,  short  tube  temporarily  in  the  mouth  of  the  bottle,  to  assist  the  stirrer  m  bringiiig 
the  colder  water  well  out  ol  the  bottle. 
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dosed  except  for  two  large  pipes,  projecting  downward  like  the  hams 
in  the  water  cap  of  Fig.  i,  and  of  similar  function.  This  cover  can  be  slid 
about  at  will  upon  the  cross  bars,  and  will  ordinarily  serve  for  all  the 
different  calorimeters  used.^  (5)  The  power  for  the  stirring  may  be 
brought  into  the  chamber  in  various  ways,  according  to  circumstances. 
In  our  case  the  cover  is  in  two  parts,  one  of  which  is  clamped  fast  during 

Thermoelement  \  /Supporting  bar 


Fig.  3. — Complete  inclostire  of  uniform  temperature  surrounding  an  ordinary 

calorimeter.     Here  the  cold  calorimeter,  situated  beyond  the 

calorimeter  chamber  shown,  is  covered  by  the  same  cover. 

a  determination,  and  carries  the  stirrer  pulley  and  connection,  while  thje 
other  part  is  at  all  times  freely  movable.'  (6)  For  a  thoroughly  com- 
plete indosure  the  jacket  water  temperature  must  prevail  up  to  the  very 

^  With  a  tub  as  small  as  that  shown  in  Fig.  3  there  would  not  be  room  to  move  the 
covers  back  far  enough  to  expose  the  calorimeter.  In  general,  a  larger  tub  can  be 
used,  with  advantages  in  several  directions.  In  adiabatic  work  a  small  tub  will  usually 
be  much  more  desirable.  With  it  the  covers  are  emptied  and  lifted  off,  and  then 
refilled  when  replaced.  The  filling  and  emptying  are  done  by  sucking  or  blowing  air 
through  an  inverted  siphon;  the  procedure  is  thus  not  at  all  troublesome.  If  the  re- 
sulting rise  in  the  water  level  in  the  tub  is  objectionable,  it  can  be  avoided  b^  removing 
water  before  the  emptying  of  the  cover,  returning  the  same  after  filling.  The  level 
thus  remains  the  same  except  dtu'ing  the  filling  or  emptying,  when  it  is  low.  A  con- 
venient way  of  removing  the  water  is  to  transfer  it  into  an  inverted  vessel  (not  here 
shown)  somewhere  inside  the  tub,  making  the  transfer,  again,  by  means  of  an  in- 
verted air  ^phon.  The  siphon  tubes  should  be  about  a  centimeter  in  diameter;  the 
transfers  are  then  almost  instantaneous. 

'  An  arrangement  of  this  sort,  applied  to  a  more  elaborate,  but  no  more  effective, 
jacket  installation,  has  already  been  described,  in  "Some  C^orimetric  Apparatus," 
Walter  P.  White,  Phys.  Rn.,  3X1  673  (1910). 
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top  of  the  side  wall  of  the  calorimeter  chamber.  This  has  generally  been 
secured  by  bringing  the  water  up  to  the  top  of  the  side  wall,  which  is  a 
little  troublesome,  but  is  a  slight  price  to  pay  for  absence  of  all  uncer- 
tainty as  to  the  jacket  wall  temperattu-e.    Fortunately,  however,  a  saffi- 

cient  and  very  certain  uniformity  of  tem- 
perature in  the  jacket  wall  can  be  attained 
as  follows :  (Pig.  4) :  The  upper  4  cm.  or 
more  of  the  wdl  is  of  (or  is  reinforced 
with)  copper,  about  1.5  mm.  thick,  and 
does  not  project  more  than  3  cm.  above 
I  the  water  surface;  outside  of  this  and  4 
or  5  mm.  from  it  is  a  shielding  rim  whose 
lower  edges  turn  outward  2  cm.  or  so  in 
the  water,  so  as  to  touch  the  water 
abundantly  without  keeping  it  from  the 
true  rim.  This  shielding  rim»  coming 
nearly  to  the  temperature  of  the  water, 
prevents  the  true  rim  from  being  sensibly 

Pig.  4.-Aitangemen7of  shielding  rim  ^^^^  ^^  ^«  ^~°^  temperature,  whose 
preventing  the  influence  of  the  room   changes  will  cause  not  over  0.0005  ^ 

temperature  upon  the  upper  part  much  change  in  the  true  rim.  The  lag  of 
of  the  wall  of  the  calorimeter  the  very  top  of  the  rim  will  not  be  over  4 
chamber.  seconds,  which  is  negligible  even  in  the 

most  acciu-ate  work,  since  it  affects  only  a  small  part  of  the  whole  calorim- 
eter chamber  wall.  The  shielding  rim  does  not  appear  in  Fig.  3  because 
it  is  not  needed  tmder  the  ends  of  the  jacket  cover. 

If  a  cold  calorimeter  is  used  in  the  same  jacket,  the  copper  rim  may  sur- 
round it  also. 

If  the  thermoelement  then  passes  directly  from  one  chamber  to  the 
other,  evaporation  into  the  working  calorimeter  chamber  can  be  pre- 
vented by  packing  the  orifice  through  which  the  thermoelement  passes 
with  plasticine  or  other  soft  wax,  or  else  by  pouring  heavy  oil  on  the  water 
stuf aces  inside  and  outside  the  cold  calorimeter. 

Prevention  of  evaporation  is  recognized  as  important  in  thermostats  of  precisiaii, 
and  it  is  of  oourae  desirable  or  necessary  for  the  jacket  water  with  the  type  of  installa- 
tton  just  described.  A  quick  and  easy  way  to  secure  it  is  by  casting  paraffin  on  the 
surface  of  the  water.  The  paraffin  will  not  continuously  support  much  wei^t,  and 
hence  must  be  supported,  either  by  the  water  or  otherwise.  It  is  a  good  plan  to  use 
fixed  paraffin  to  fill  in  around  comere  and  irregularities,  leavhig  the  large,  dear  spaces 
protected  by  bodies  of  simple  outline,  either  floating  or  otherwise  supported. 

It  is  an  advantage  to  paint  the  jacket  vessel  white  inside,  which  makes 
objects  in  it  far  more  easily  visible.  The  paint  may  be  protected  by  a 
thin  layer  of  paraffin. 

(c)  Lever  Adjusters. — Some  adjustment  of  the  amount  of  water  in  Che 
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calorimeters  is  desirable  or  necessary  in  nearly  all  calorimetric  work. 
With  the  compensated  calorimeters  the  quick  method  of  Dickinson  and 
George^  gives  more  than  suffi- 
cient precision  and  will  often  save 
a  tedious  adjustment  of  the 
weight  on  a  balance.  This 
method  consists  in  sucking  out 
excess  water  down  to  a  desired 
level.  The  level  reached  is  more 
constant,  however,  if  the  tube 
used  is  of  different  shape  from 
that  of  Dickinson  and  George. 
Fig.  5  shows  the  adjuster  used 
with  our  working  calorimeter. 
It  is  made  of  a  lai^e  cork,  three 
nails  and  a  Uttle  glassware.    The  ^*«-  5— Apparatus  for  quickly  adjusting  the 

«-^:i«    ^^^*.^  ««  «  *^«-*   «*«♦  ^«  water  level  in  calorimeter, 

nails,  servmg  as  a  gage,  rest  on 

the  calorimeter  rim  when  the  adjuster  is  in  use. 

(d)  Temperature  Adjustment. — The  required  adjustment  of  the  tem- 
perattue  of  the  cold  calorimeter  to  approximate  equality  with  that  of  the 
jacket  is  practically  the  only  special  manipulation  called  for  by  the  com- 
pensated calorimeter  system,  once  the  installation  is  completed.  With 
the  submerged  cold  calorimeter,  this  adjustment,  as  already  pointed  out, 
is  nearly  automatic.  With  a  cold  calorimeter  not  submerged,  the  ad- 
justment is  readily  made  on  a  similar  principle,  by  sucking  out  the  water 
into  a  large  bottle,  and  then  refilling  from  the  jacket.  If  the  jacket  is 
made  into  a  thermostat,  these  manipulations  become  tmnecessary.* 

9.  Essentials  of  a  Differential  Calorimeter  Installation. 
The  essential  apparatus  of  the  calorimetric  system  described  in  the 
present  series  of  papers  are  here  listed  together. 

A.  Calorimetric  Arrangements. 
I.  The  calorimeter  proper,  or  ''working  calorimeter,"  has  no    restric- 
tions placed  upon  it  by  the  differential  methods  here  presented. 

n.  The  cold,  or  comparison  calorimeter,  which  is  merely  a  vacuum 
jacketed  bottle,  and 

1  H.  C.  Dickinson,  E.  F.  Mueller  and  B.  B.  George,  "Specific  Heats  of  Some 
Calcium  Chloride  Solutions  between  —^s"*  C  and  +20"*  C."  Bull.  Bur.  Standards,  6| 
388  (1910). 

'As  to  the  complication  inirc^ved  in  this  procedure  it  may  be  said  that  even  in 
the  most  mifavarabie  case,  where  the  cold  calorimeter  has  a  separate  thermostat  all  to 
itself,  the  installation  of  the  thermostat  is  simpler,  and  its  maintenance  less  objection- 
able, than  of  the  oil-filled  thermostat  around  the  Wheatstone  bridge,  which  is  generally 
considered  the  most  desirable  means  of  insuring  high  precision  with  the  resistance 
thermometer.  « 
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m.  A  completely  inclosing  jacket^  or  jadcets,  equivalent  to  that  of  Figs. 
I  and  3  above,  are  essential. 

B.   Thermometric  Arrangements, 

IV.  The  Thermoelements  will  be  three  in  number,  usually  a  main  ele- 
ment of  24  couples,  with  two  auxiliaries,  one  of  4  or  6  couples,  and  one  of  i 
or  2,  this  last  shunted  for  the  compensated  calorimeter.  These  can,  as 
experience  shows,  ordinarily  be  made  in  about  two  days  by  persons  with- 
out special  experience,  barring  accidents. 

C.  Auxiliary  Electrical  Apparatus. 
There  will  also  be  needed: 

V.  An  all-switch,  constant^eflection,  high  precision  potentiometer, 
with  the  usual  auxiliaries,  namely,  storage  cell,  regulating  rheostat  (or 
two  of  each)  and  standard  cell. 

VI.  A  galvanometer  of  at  least  half  microvolt  sensitiveness,  with  rega- 
lating  rheostat. 

Vn.  A  copper  knife  switch,  or  something  equivalent,  arranged  as  an 
eliminating  switch  for  parasitic  thermal  electromotive  forces. 
Vm.  Other  similar  switches  for  exchanging  thermoelements. 

IX.  Neutral  (antithermoelectric)  complementary  coils,  to  maintain 
the  constant  galvanometer  circuit  resistance  necessary  for  rapid  read- 
ing. 

X.  An  equipotential  leakage  shield*  or  two  such. 

Of  these,  the  galvanometer  need  not  be  especially  expensive,  the  impro- 
priate types  of  potentiometer  are  comparatively  cheap,  and  the  other 
apparatus  is  ^evidently  far  from  costly.  All  are  discussed  in  this  and  pre- 
vious papers  of  this  series.^  Except  where  temperature  differences  and 
changes  in  the  observing  room  are  extreme  or  violent,  they  are  sufficient, 
without  further  shielding  or  blanketing,  to  give  readings  precise  to  o.i 
microvolt,  that  is,  to  o.oooi*. 

Often  desirable,  though  not  essential,  are  also  a  thermostat  jacket, 
other  thermoelements,  a  few  switches  enabling  the  potentiometer  to  carry 
simultaneously  two  independent  readings,  a  governor  for  the  calorimeter 
stirring,  a  water  level  adjuster,  and  sometimes  a  separate  jadcet  for  the 
cold  calorimeter. 

10.  Details  of  an  Ordinary  Determination. 

Following  is  a  list  of  the  various  operations  included  in  an  ordinary 
determination  with  a  compensated  calorimeter  system: 

I.  The  working  calorimeter  is  filled  and  placed  in  position,  and  stining 

is  started.    All  subsequent  manipulations  of  this  calorimeter  will  vary 

according  to  the  kind  of  determination,  and  win  not  be  any  different  an 

account  of  the  2 -calorimeter  method;  hence  their  description  is  omitted. 

*  Loc.  cU. 
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n.  The  atixiliary  current  of  the  potentiometer  is  adjusted  by  means 
of  the  standard  cell. 

in.  The  cold  calorimeter  temperature  is  adjusted  (if  necessary),  its 
difference  from  the  jacket  is  observed,  and  also  the  jacket  temperature — 
this  latter  so  as  to  get  the  approximate  temperature  of  the  calorimeter. 

IV.  If  the  temperature  adjustment  does  not  involve  adding  water  to 
the  cold  calorimeter,  the  amotmt  of  water  in  it  will  need  adjustment 
once  a  week  or  so. 

V.  The  galvanometer  sensitiveness  is  adjusted  (once  a  day). 

VI.  The  equaUty  of  the  2  halves  of  the  thermoelement  is  checked  by 
reading  them  in  opposition  (once  a  day). 

2,3  and  the  occasional  4,  5  and  6,  are  the  only  observations  or  opera- 
tions demanded  especially  by  the  2-calorimeter  thermoelectric  method. 

Vn.  The  main  thermoelement  is  then  connected  so  as  to  read  differ- 
ential temperatures,  and  regular  observations  begin.  These  are  in  num- 
ber and  purpose  much  like  those  usual  in  calorimetric  determinations, 
except  that  they  are  shortened  by  omission  of  the  "fore**  or  preliminary 
cooling  period,  which  is  not  needed  with  the  present  method.  More  spe- 
cifically, these  readings  are: 

(a)  Readings,  i  to  3  each,  of  the  main  thermoelement  and  of  the  com- 
bination auxiliary,  made  before  the  heat  transfer  to  the  calorimeter  water, 
with  the  object  of  finding  the  readings  of  these  two  at  the  instant  the 
transfer  begins. 

(b)  Readings  of  the  auxiliary  during  the  period  of  heat  transfer. 

(c)  Readings  of  both  main  thermoelement  and  auxiUary  at  the  end  of 
this  period,  and  at  the  end  of  an  equally  long  cooling  period  following  it. 
Most  of  these  readings  include  an  adjustment  of  the  galvanometer  zero, 
made  with  the  aid  of  the  eliminating  switch. 

Vm.  The  cooling  correction  is  calculated  in  microvolts,  according  to 
the  formula: 

C  ■=  ABi  ipi/<ps, 
where  AEs  is  the  change  of  the  main  thermoelement  reading  during  the 
cooling  period,  and  ^  and  ^1,  the  averaged  auxiliary  readings  for  that 
and  the  transfer  period,  respectively.* 

IX.  The  corrected  final  temperature,  and  the  initial  temperature,  in 
microvolts,  are  each  added  to  the  oold  calorimeter  temperature*  and 
the  corresponding  values  in  degrees  are  then  taken  from,  the  thermoele- 
ment table. 

>  This  formula,  and  some  short  cuts  in  the  calculations,  are  discussed  in  "Some 
Calorimetric  Methods"  (Walter  P.  White,  Phys.  Rev.,  31,  545  (1910))  and  in  "Some 
Calorimetric  Apparatus"  {Loc.  cii.,  p.  680),  As  given  here,  it  applies  when  the  tem- 
perature change  due  to  stirring  is  compensated.  Where  that  temperature  change  is 
merely  kept  constant,  the  formula  becomes  C  =  (AEi  +  W)  *pi/fpt  —  W,  where  W  is 
the  change  produced  in  each  period. 
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zz.  Precautions  and  Safeguards. 

This  section  gives,  with  an  attempt  at  completeness,  a  list  of  features  which  mnst 
be  provided  in  the  apparatus,  and  of  precautions  which  must  not  be  forgotten  in  diily 
work,  for  observations  of  precision. 

/.    Features  Required  in  the  Apparatus, 
(j)  Generally  necessary — that  is,  not  peculiar  to  the  differential  thermoelectric,  cam- 
pensated  calorimeter  method, 

A.  Pertaining  to  the  Calorimeter, 
(a)  Control  of,  or  preferably  prevention  of,  evaporation  from  the  calorimeter. 
{h)  Sufficiently  vigorous  stirring  in  the  calorimeter  and  especially  in  the  jacket, 
(c)  Sufficiently  constant  speed  of  stirring  in  the  calorimeter. 
{d)  Reduction  of  certain  lag  errors,  whidi  are  usually  negligible,  but  should  not 
be  aanimrd  to  be  so.^ 

(e)  (Occasionally)  provision  against  excessive  evaporation  or  other  detriment  to 
uniformity  in  jacket  temperature. 

B.  Thermometric, 

(f)  To  have  sufficient  depth  of  Immersion  of  the  thermometer. 

C.  Elearic. 

ig)  To  provide  adequate  insulation  at  all  points. 

(h)  To  provide  equipotential  leakage  shields  if  necessary. 

(i)  To  have  it  definitely  known  how  much  attention  is  needed  by  dial  and  other 
contacts. 

(k)  To  have  the  coil  corrections,  if  any,  properly  determined  (usually  there  will 
be  none). 

/  (2)  Features  Required  in  the  Apparatus,  Peculiar  to  the  Compensated  Calorimeter 

Method, 

A,  Pertaining  to  the  Calorimeter, 

L  Provision  against  friction  of  the  cold  calorimeter  stirrer  against  the  thermo- 
ekment. 

IL  Provision  against  appreciable  heat  of  stirring  in  the  cold  calorimeter  (or  dse 
against  an  appreciable  difference  between  the  two  calorimeters), 

B,  Thermometric, 
in.  (In  divided  installations  only)  to  have  a  copper  temperature  shield  over  the 
horizontal  part  of  the  thennoelement,  to  protect  thermoelement  and  calorimeter 
from  the  effect  of  room  temperature.' 

^  a  to  d  ai€  discussed  in:  "Lag  Effects  and  Other  EiTxirs  in  Calorimetry,"  Lee- 
cit.  Irregular  heat  conduction  to  the  calorimeter  along  the  thermometer,  which  is 
troublesome  with  some  electric  thermometers,  is,  of  course,  impossible  in  the  differential 
thermoelectric  method  with  a  single  jadcet,  since  the  thermoelement  is  then  com- 
pletely included;  and  is  prevented  in  divided  installations  by  the  sheet  copper  slnelil 
over  the  exposed  portion  of  the  thermoelement.  A  good  thermal  contact  with  the 
jacket  where  the  thermoelement  passes  through  may  give  additional  security;  it  has 
proved  sufficient  by  itself  under  severe  tests. 

'  The  observer  should,  of  course,  by  all  means,  see  to  it  that  his  thermodemeot 
is  sufficiently  homogeneous  at  the  place  where  the  temperature  gradient  comes,  but 
this  amounts  merely  to  saying  that  he  must  have  a  satisfactory  thermometer,  so  I 
have  not  classed  it  as  a  precaution. 
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a  Electric. 

IV.  To  have  neutral  (i.  e.,  practically*  copper)  wires  and  contacts  outside  of  the 
eliminating  switch. 

V.  To  have  an  eliminating  switch  which  has  been  thoroughly  tested  for  neutrality. 

VI.  To  have  some  provision  against  the  effect  of  direct  sunlight,  or  heat  from 
lamps,  upon  neutral  switches  or  contacts. 

//.  Precautions  Needed  in  Operation. 
(j)  Not  Peculiar  to  the  Thermoelectric  Methods. 
A.  Pertaining  to  the  Calorimeter. 
(I)  To  avoid  moisture  on  the  working  calorimeter, 
(ffi)  To  have  the  right  amount  of  water  in  the  same. 

(n)  To  see  that  the  jacket  stirring  does  not  accidentally  become  too  slow;  from 
slipping  of  the  belt,  for  instance. 

(o)  To  see  that  the  proper  speed  of  calorimeter  stirring  is  maintained.' 
(p)  Not  to  overlook  any  change  which  may  be  produced  in  the  heat  equivalent 
of  the  calorimeter. 

B,  Thermomeinc. 
There  are  no  general  thermometric  precautions  which  remain  necessary  when  the 
compensated  calorimeter  method  is  used. 

C.  Biectric. 
(q)  and  (r)  To  test  insulation  and  shield  whenever  trying  weather  or  other  cause 
suggests  the  necessity.' 

(5)  To  Give  the  Contacts  Needed  Attention. — (With  the  combination  potentiometer 
this  is  almost  nil  if  corrosive  gases  are  absent.  An  overhauling  twice  a  year  will  then 
prove  more  than  suffident.) 

(/)  To  avoid  laying  wires,  clothing,  or  other  objects  down  so  as  to  make  a  leakage 
path  by  the  equipotential  shield,  and  to  avoid  letting  live  wires,  even  if  insulated, 
touch  anything  inside  the  shield  in  damp  weather. 

//  (2)  Precautions  Needed  in  Operation,  Peculiar  to  the  Compensated  Calorimeter  Method' 

A.  Caldrimetric. 
Vn.  To  let  10  minutes  or  so  intervene  between  any  considerable  change  in  the  cold 
calorimeter  temperature  (in  adjusting  it)  and  the  beginning  of  observations. 

B.  Thermometric,  nothing. 

C.  Electrical,  nothing. 

Of  these  precautions  n,  0,  q,  r,  are  the  most  troublesome,  and  their  inconveniences 

are  trifling.    They  are  necessary  for  high  precision  by  almost  any  method.    The 

compensated  calorimeter  method  itself  evidently  calls  for  practically  no  precautions. 

12.  Availability  of  the  Differential  Thermoelectric  Methods. 

The  intrinsic  advantages  of  the  differential  thermoelectric  system 
in  calorimetry  have  been  stated  at  the  close  of  a  previous  paper.'  They 
give  rise  to  methods  superior  in  absolute  precision,  certainty,  and  free- 
dom from  precautions,  in  quickness,  and  in  the  power  of  combining  numer- 

"  Oiu*  speed  is  governed,  and  the  governor  operates  by  means  of  incandescent 
lights,  whose  winking  shows  when  the  governor  is  working  properly. 

*  The  tests  given  in  "Leakage  Protection  by  Shielding,  Especially  in  Potentiometer 
Systems"  (Loc.  cit.),  will  usually  be  su£Scient  in  potentiometer  systems. 

>  "Potentiometers  for  Thermoelectric  Work,  Especially  in  Calorimetry,"  Lac.  dt. 
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ous  and  varied  observations.  It  will  probably  be  clear  from  the  present 
paper  that  the  calorimetric  arrangements  necessary  to  secure  these  differ- 
ential methods  entail  disadvantages  which  are  slight,  and  are  practically 
done  with,  once  the  original  installation  is  accomplished.  The  same  may 
be  said  of  the  electrical  arrangements.  The  methods  will  therefore 
nearly  always  be  ,satisfactory,  even  where  they  are  not  noticeably  pref- 
erable. Wherever  a  variety  of  work  is  to  be  done  the  thermoelectric 
apparatus  is  likely  to  prove  decidedly  superior  for  some  of  it. 

If  apparatus  is  desired  which  can  be  made  useful  in  work  not  calori- 
metric, the  thermoelement  installation  will  be  useful  not  only  for  all  thermo- 
electric work,  including  high  temperature  measurement,  study  of  heat 
conduction,  etc.,  but  also  for  much  potentiometer  work  where  no  tem- 
peratiu*e  measiu-ement  is  involved.  For  measurements  which  are  naturally 
or  necessarily  differential  (such  as  freezing  point  depressions,  for  instance) 
the  thermoelement  is  especially  advant^^ous.  If,  however,  the  electrical 
apparatus  is  likely  to  be  needed  for  very  acctu'ate  measurement  of  single 
temperatures  (t.  e,^  not  temperatm*e  intervals)  as  in  determining  fixed 
points  with  the  highest  precision,  the  resistance  thermometer,  which  is 
more  convenient  for  such  measurements,  is  mco^  likely  to  be  preferable. 

Summary. 

In  the  calorimetric  "Method  of  Mixtures,''  a  precision  approaching  or 
reaching  o.i  per  mille,  though  somewhat  tmusual,  is  often  desirable, 
and  is  ordinarily  not  difficult  to  attain  with  appropriate  apparatus. 
Its  attainment  is  especially  easy  with  a  two-calorimeter  installation, 
which  secures  the  convenience  and  high  precision  of  differential  thermo- 
electric temperature  measurement.  This  is  the  only  advantage  of  the 
two-calorimeter  arrangement;  the  diminution  of  heat-loss  error,  often 
coimted  an  advantage,  turns  out  upon  examination  to  be  largely  illusory. 
By  abandoning  the  twin  calorimeters  previously  used  to  get  this  supposed 
advantage,  and  using  for  the  comparison  calorimeter  a  vacuum  jacketed 
flask,  there  is  a  gain  in  convenience  and  precision.  A  special  thermoele- 
ment combination,  renders  the  necessary  temperatiu-e  observations  as 
simple  as  with  the  twin  arrangement.  A  completely  inclosing  jacket  of 
uniform  temperature  is  necessary  for  this  method,  but  this  is  no  loss, 
for  such  a  jacket  proves  to  be  necessary  for  highest  precision  with  any 
othei;  method.  This  method  is  quite  as  effective  with  two  jackets,  one 
around  each  calorimeter,  and  therefore  with  adiabatic  methods. 

Efficient  complete  jackets  can  be  very  easily  realized  according  to  sev- 
eral methods,  which  are  described. 

As  coinpared  with  others,  the  present  method  is  especially  advantageous 
for  observations  qf  great  absolute  precision,  and  wherever  it  is  desirable 
to  secure  the  advantages  which  the  thermoelectric  system  possesses  in  the 
way  of  rapidity  and  of  fadUty  in  making-  varied  observations. 
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Aiq>aratus  especially  valuable  for  this  method  is  described  in  a  series 
of  papers,  of  which  this  paper  is  the  last. 

GSOPHTfllCAL  LABOKATORV, 
CaRNVODC   InSTITUTXON   09   WASHmOTON, 

Wasrxkoton,  D.  C. 


ALTERNATING  CURRENT  ELECTROLYSIS. 

Br  Jnansmdka  CHAimitA  Obosr. 
Received  September  16.  1914. 

PART  I. 

Manuevrier  and  Chappius^  found  that,  when  an  alternating  current 
is  passed  through  electrodes  of  very  fine  platinum  wires  dipped  into  a 
sulfuric  add  solution,  there  is  an  immediate  and  abundant  evolution  of 
gas.  They  also  found  that  the  higher  th^  frequency  thie  less  the  amount 
of  decomposition. 

Ayrton  and  Perry*  used  alternating  currents  having  a  frequency  of 
io,ooo  per  minute,  and  made  the  interesting  observation  that  a  deposi- 
tion of  hydrogen  gas  on  a  platinum  electrode  hinders  visible  decomposi- 
tion by  alternating  currents,  while  deposition  of  oxygen  favors  such 
decomposition.  Hopkinson,  Wilson  and  Lyddal*  also  investigated  the 
nature  of  electrolysis  by  alternating  currents,  but  they  laid  more  stress 
on  the  physical  side  of  the  question.  M.  LeBlanc*  passed  an  alternating 
current  between  copper  electrodes  in  a  cyanide  solution  and  found  that, 
with  the  rate  of  reversal  of  looo  per  minute,  copper  passed  quantitatively 
into  solution;  while,  with  the  rate  of  38,000  reversals  per  minute,  only 
33%  of  the  theoretical  quantity  dissolved.  LeBlanc  holds  that  the  cop- 
per passes  into  solution  if  the  copper  dissolved  at  the  anode  has  time  to 
be  converted  into  the  complex  cuprocyanide  ion  before  the  reversal  of 
the  current. 

Brochet  and  Petit*  do  not  share  the  view  that  the  possibiUty  of  alter- 
nate current  electrolysis  depends  on  the  formation  of  a  complex  ion.  They 
conceive  the  general  condition  for  the  formation  of  a  new  compound 
to  be,  that  the  ion,  on  reaching  the  electrode,  has  had  time  to  part  with 
its  charge  before  reversal  produces  the  ion  of  the  opposite  charge,  at  the 
same  electrode.  Ostwald  also  holds  the  above  view.  It  frequently 
happens  that  the  immediate  product  of  the  chemical  processes  at  the 
electrodes  undergoes  further  changes  which  are  difficult  to  reverse.  He 
considers  that  reversibility  is  often  merely  a  question  of  time  and  for 
short  intervals  of  time  is  always  present.    This  is  shown  by  the  fact  that 

*  Campt.  rend.,  106,  1719-22;  107,  37-40. 

*  Electrician,  ax,  299-300. 

»  Proc.  Roy,  Soc.,  54,  407-4x7. 

*  Z.  Electrochem.,  zi»  705  (X905)' 

» Ibid.,  10, 909  (1904) ;  xx»  441  (1S05). 
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in  using  alternating  currents  to  meastue  electric  conductivity  no  devia- 
tion from  Ohm's  law  has  been  observed.  This  proves  that  the  energy 
of  one  current  which  has  disappeared  in  polarizing  the  electrodes  reappears 
in  the  next  current  of  opposite  direction,  i.  e.,  the  chemical  decomposition 
•effected  by  the  passage  of  the  alternating  current  in  one  direction  is  com- 
pletely reversed  by  the  succeeding  identical  current  in  the  opposite  direc- 
tion, and  the  resultant  chemical  action  thus  becomes  nil.  The  direct 
experimental  verification  of  this  view  is,  however,  a  very  difficult  one, 
since,  even  if  any  chemical  action  takes  place  on  the  passage  of  a  hig^  fre- 
quency alternating  current  through  an  electrolyte,  it  will  be  so  minute 
that  otu-  ordinary  methods  of  chemical  analysis  would  fail  in  detecting  it. 
It  occurred  to  the  author  that  by  measuring  the  potential  differences 
between  an  electrode  and  an  electrolyte,  before  the  passage  of  an  alter- 
nating current,  and  then  during  or  just  after  the  passage  of  the  same,  a 
due  might  be  obtained  as  to  whether  any  chemical  action  has  taken  place 
on  the  electrode  surface.  It  was  also  thought  possible  that,  since  the  elec- 
trode potential  is  due  to  the  electrical  double  layer  at  the  surface  of  separa- 
tion between  the  electrode  and  the  electrolyte,  the  amotmt  and'  directioD 
of  variation  of  electrode  potential  may  throw  light  on  the  nature  of  the 
chemical  changes  at  the  electrode  surface. 

The  following  method  of  experimental  procedure  was  adopted:    AB 
is  a  potentiometer  wire  (see  Fig.  I)  through  which  a  constant  current  frosn 

a  four-volt  battery  D 
is  passing.  C  is  a 
Weston  cadmium  ele- 
ment and  £  is  a  ded- 
normal  calomel  elec- 
trode of  comparative^ 
high  resistance.  X 
and  X'  are  the  elec* 
trodes  dipped  into  the 
electrolyte  whose  elec- 
trolysis on  the  passage 
of  an  alternating  cur- 
rent is  to  be  studied. 
They  are  joined 
through  a  key,  K^  to  the  two  terminals  of  the  secondary  I  of  an  induc- 
tion coil.  The  key  ISJ  consists  of  a  mercury  cup  in  which  the  two  connect- 
ing wires  are  dipped,  and  should  be  placed  nearby  on  the  potentiometer 
table.  Since  it  is  necessary  to  measure  the  electrode  potential  of  either 
X  or  X'  just  after  the  passage  of  an  alternating  current,  the  time  between 
breaking  contact  at  K'  and  making  the  galvanometer  contact  with  the 
potentiometer  wire  should  not  be  at  all  appredable.    The  induction  coil 
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'  iatd  is  a  viu^r^^niudl  ooe,  sudi  as  is  generally  used  in  the  conductiv^y  wgM-n 
moments  accorfling  to  the  method  of  Eoldrausdi:f^  .^e  tr^qvitii^m. 
alternation  was  30,000  per  min>t  apprexiniateiyy.  -  The  current  )>as8ing, 
.  ^through: the  prixtmry  was  measured  by,  an  anuneter  placed  in  the  drctdt^ 
JBi.  is  a  three-wa^r.^  key  and  *  G  a  gal^mnometer.  The  galvanometer  was . 
ihunted  off  by  m^'ans  of  a  sUding  re^stince  (which  should  be  near  at  hand). 
The  E.  M.  F.  of  tile  combination  C  and  X  is  measured  by  comparisoa 
against  C,       ,.,,'-.  .      , 

-:  Tbfi  firs^;{e;cperin^ents  were  carried  out  to  determine  whether  there  is 
ainy  variation 'in  the  electrode  potential  on  the  passage, of  an  alternating 
cturent  through  two  pieces  of  the  same  metal  dipped  iQ  its  own  salt  solu- 
tion. Two  clean  zinc  rods  were  taken  and  immersied  in  a  normal  solution 
of  zinc  sulfate.  The  internal  resistance  of  the  cell  thus  obtained  was 
about  one  ohm.  The  current  strength  through  the  primary  of>  the  induc- 
tion coil  was  Vi»th  of  an  ampere.  -       r    . 

E.  M.  P.  of  the  combination  of  E  and  X  before  the  passage  of  the  alt.  cturent  « 
X.105  volt. 

E.  M,  P.  of  the  combination  of  E  and  X  during  to  passage  of  the  alt.  current  »  . 
1.X05  volt. 

E.  M.  P.  of  the  combination  of  E  and  X  just  after  the  passage  «  1.105  volt. 

The  same  constancy  of  behavior  was  obtained  in  the  case  of  cadmium 
in  cadmitmi  sulfate  solution  and  copper  in  copper  sulfate  solution.  In 
the  case  of  metals  dipped  in  their  own  salt  solutions  such  constancy  of 
behavior  is  to  be  expected,  for  here  the  question  of  an  irreversible  change 
being  conducted  reversibly  does  not  come  in.  These  results  also  justify 
the  assumption  that  only  when  ther^  is  some  such  change  as  wotdd  alter 
definitely  the  chemical  nature  of  the  electrical  double  layer,  is  its  effect 
noticeable  by  the  measurements  of  the  electrode  potentials. 

The  next  investigation  carried  out  consisted  in  determining  the  changes 
in  the  electrode  potentials  in  cells  consisting  of  two  platinum  electrodes 
dipped  in  any  electroljrte.  The  great  disadvantage  of  these  determina- 
tions lies  in  the  fact  that  we  seldom  get  a  constant  value  of  the  electrode 
potentials  in  these  cases,  and  therefore  these  measurements  cannot  be 
exactiy  repeated.  But,  since  the  variation  of  electrode  potential  is  the 
only  point  of  importance,  the  imcertainty  in  the  absolute  values  of  these 
potentials  does  not  affect  the  worth  of  these  measurements.  Two  pieces 
of  polished  platintmi  of  equal  area — 3 . 5  cm.  in  length  and  i  cm.  in  breadth, 
were  cut  out  from  the  same  foil,  cleaned,  ignited  red  hot  and  then  kept 
dipped  in  the  given  electrolyte  for  about  24  hours.  It  was  found,  in  ac- 
cordance with  the  observation  of  Smale^  and  others,  that,  in  order  to  ob- 
tain a  maximum  constant  potential  difference  between  the  electrodes 
and  the  electrol3rte,  it  is  necessary  to  keep  the  electrodes  immersed  in  the 

« Z.  phys.  Chem,,  X4,  577  (1894). 
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giTen  solutioa  for  quite  a  Umg  time.    The  dectrodes  were  wa^ied  aid 
ignited  red  hot  each  time  they  were  used  for  potential  measurements 

Tabls  I. 


Concen- 

Add.  tntion. 

HCl I.ON 

HNO, i.oN 

CHjCOOH 0.2  N 

HCOOH 0.2  N 

COOH 

I  ► 0.2N 

COOH^ 

H,S04 0.2  iNT 

H,CrO« 1.0  N 

Monochloroacetic 0.2  N 

Trichloroacetic 0.2  N 

Lactic  add 0.2  N 

Tattaricadd 0.2  N  . 

Malonic  add 0.2  N 

Malic  acid 0.2  N 

Citric  acid 0.2  N 

Benzene  sulfonic  add 0.2  N 

Tabls  II. 

Potassium  hydroxide i.o  N 

Sodium  hydroxide i.o  N 

Sodium  carbonate o.i  N 

TablS  III. 

Potassium  permanganate o.i  N 

Potassium  dichromate 0.1  N 

Potassium  nitrate 1,0  N 

Potassium  chlorate 1.0  N 

Potassium  bromate 1,0  N 

Tablb  IV. 

Hydroxylamine  hydrochloride 1.0  N 

Hydrazine  sulfate i  .0  J^ 

Sodium  sulfite 1,0  N 

Potassium  iodide i  .0  iV 

Tabls  V. 

Concea- 

S«lt.  traUon. 

Potassium  chloride i  .0  ^ 

Potassium  bromide 1.0  N 

Potassium  sulfate 1.0  N 

Zinc  sulfate 1.0  N 

Copper  sulfate 1.0  N 

Zinc  chloride 1.0  N 

Sodium  tartrate 1.0  ^ 

Sodium  dtrate 1.0  N 

Chromium  sulfate 1.0  N 


B.  M.  P. 

before 
pMMge. 

-fo.52 

+0.68 

+0.25 

+0.07 

+0.3X 

4-0.51 
4-0.80 
+0.31 
H-0.35 
4-0.34 
4-0.34 

4-0.35 
4-0.31 
4-0.36 
4-0.34 

4-0.05 
4-0.06 
4-0.09 

4-0.45 

+0.35 

4-0.2 

4-0.22 

4-0.35 

4-0.02 
— 0.13 
— 0.16 
4-0.10 


B.  M.  P. 

before 


B.  M.  P. 

during 


B.  M.  F. 

after 


4-0. 15 
4-0.12 
4-0.15 
4-0.14 
4-0.30 
4-0.21 
4-0.05 
4-0.  II 
+0.41 


4-0.31 

4-0.48 
-^.02 

-—0.37 

— 0.02 

4-0.61 
4-0.96 
4-0.60 
4-0.52 
4-0.51 

4-0.54 
4-0.61 
4-0.42 
4-0.58 
4-0.54 

— 0.02 
— 0.02 
4-0.02 

4-0.54 
.  4-0.45 
4-0.30 
-f-0.31 
4-0.43 

— 0.05 
— 0.18 
— o.ai 
--0.08 

B.  M.  P. 

during 
paMage. 

4-0.30 

4-0.26 

4-0.21 

4-0.28 

4-0.38 

4-0.40 

4-0.024 

4-0.21 

+0.50 


4-0.35 

-fo.52 
O.OI 

— 0.30 
4-0.01 

4-0.60 
4-0.92 
4-0.57 
4-0.49 
4-0.50 
4-0.52 
4-0.60 
4-0.39 
4-0.54 
4-0.51 

4-0.01 
4-0. 01 
-ho. 03 


+0 
4-0 


49 

41 


— O.OI 

— 0.16 
—0.17 
4-0.05 


B.  M.  P. 

after 


4-0.25 
4-0.22 
4-0.20 
4-0.21 
+0.36 
4-0.38 
4-0.03 
4-0.20 
4-0.48 
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against  a  fresh  solution.  The  electrodes  were  kept  i  cm-  apart  and  an 
alternating  current  passed  for  15  min.  The  current  strength  through  the 
primary  was  Vu^h  of  an  ampere.  The  E.  M.  P.  was  measured  just  be- 
fore the  passage  of  the  alternating  currents  during  the  passage,  and  then 
just  after  the  stoppage  of  the  alternating  current.  The  secondary  circuit 
was  always  kept  closed. 

It  was  found  that,  although  the  absolute  values  of  the  E.  M.  P.  depend 
much  on  the  concentration  of  the  electrol)rte,  the  amoimt  of  variation 
of  £.  M.  P.  is  much  the  same  for  all  concentrations  between  i.oN  and 
o.  I  AT.  The  variation  depends  much  on  the  time  of  the  passage  of  the 
current,  rising  to  a  maximum  after  a  definite  interval  which  did  not  ex- 
ceed 15  minutes  in  any  of  the  cases  studied.  In  the  tables,  therefore, 
the  maximimi  variation  has  been  noted  down.  The  negative  values  of 
E.  M.  P.  in  the  tables  mean  that  in  these  cases  the  calomel  electrode  is 
positive.  It  will  be  noticed  that,  in  all  the  cases  recorded  above,  the 
E.  M.  P.  just  on  stopping  is 
nearer  the  initial  E.  M.  P.  than 
the  E.  M.  P.  dining  the  passage 
oi  the  alternating  current.  In- 
deed, in  all  the  cases  investi- 
gated, a  complete  recovery  ciu^e  ^ 
was  obtained.  They  are  all  simi-  'J^ 
lar  in  nature  and  only  some  of 
the  typical  ones  are  given  in  Pigs. 
II,  UI  and  ly.  It  wiU  be  noticed 
that,  in  the  beginning,  the  re- 
covery is  quite  rapid  but  after- 
wards it  becomes  quite  slow. 
The  fact  that  in  each  case  the  E. 
M.  P.  gets  back  to  the  original 
value  goes  to  show  that  they  are 
tending  towards  stable  condi- 
tions. The  new  chemical  sub- 
stances produced  by  the  action 
of  the  alternating  current  alters  the  nature  of  the  electrical  double  layer, 
but  they  soon  disappear  by  diffusion  and  we  get  the  old  values  of  the 
E.  M.  P.  again. 

On  examination  of  Table  I,  it  will  be  noticed  that  the  adds  may  be 
divided  into  two  groups.  Por  the  adds  1-5  the  E.  M.  P.  diminishes 
on  the  passage  of  the  alternating  current,  while  for  the  rest  the  opposite 
is  the  case.  The  latter  dass  of  adds  are  all  characterized  by  either  con- 
taining CI  or  (OH)  groups.  Thus  the  behavior  of  lactic,  tartaric,  or  mono- 
diloroacetic  adds  is  quite  different  from  that  of  fcM-mic,  acetic  or  Midie 
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acids.  It  will  also  be  observed  that  the  E.  M.  P.  of  adds  undergoes 
greater  variation  that  the  E.  M.  F.  of  other  electrolytes — ^the  amount  of 
variation  being  from  0.2  to  0.4. 

In  Table  II  it  will  be  observed  that  the  variations  are  in  the  same  direc- 
tion— the  E.  M.  P.  diminishing  during  the  passage  of  the  alternating  cur- 
rent.   The  variations  here  are  also  relatively  small. 

In  Table  III  all  the  substances  are  oxidising  agents  and  we  find  that 
the  E.  M.  P.  increases  during  the  passage  of  the  alternating  current.  With 
the  reducing  agents  the  contrary  is  the  case — ^the  E.  M.  P.  diminishing 
during  the  passage  of  the  current. 

In  the  case  o^  the  salts  e,  g.,  potassium  chloride,  sodium  chloride, 
the  E.  M.  P.  generally  increases  with  the  passage  of  the  alternating  cur- 
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rent.  Now  the  electrode  potential  observed  on  the  platinum  surface  is 
always  referred  to  as  being  the  potential  difference  between  the  air  and 
the  solution,  or  more  particularly  between  the  oxygen  gas  of  the  atmosphere 
and  the  C  or  OH*'  ions  of  the  solution.  A  diminution  in  the  value  of 
the  electrode  potential  must  therefore  be  attributed  to  a  diminution  in 
the  concentration  of  the  oxygen  gas.  We  may  expect  a  diminution  of  the 
value  of  the  electrode  potential  on  the  passage  of  an  alternating  current 
in  the  case  of  platinum  foils  dipped  in  solutions  of  reducing  agents,  if  we 
believe  that  the  anion  of  the  electrolyte  breaks  up  at  the  electrode  surface 
and  combines  with  the  oxygen  there  to  form  more  stable  bodies.  The 
diminution  of  electrode  potential  in  the  case  of  certain  adds  is  also  in- 
telligible on  the  assumption  that  the  discharged  hydrion  goes  to  combine 
with  the  oxygen  of  the  double  layer.  Similarly^  by  assuming  the  decom- 
position of  the  anion  of  an  oxidizing  electrolyte  and  the  consequent  setting 
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free  of  oxygen  gas,  we  may  explain  the  increase  in  the  electrode  potential 
observed  in  those  electrolytes.  The  above  variations  in  electrode  poten- 
tial therefore  give  us  a  direct'experimental  evidence  of  the  fact  that  on  a 
polished  platinum  surface,  even  for  such  short  intervals,  of  time  as 
1/2  X  30000  minute,  the  chemical  process  at  the  electrode  is  not  a  re- 
versible one,  t.  ^.,  the  ion  has  had  time  to  part  with  its  charge  and  form 
other  more  stable  bodies. 

When  the  platinum  electrodes  in  the  previous  cases  were  substituted 
by  mercury  electrodes,  a  good  deal  of  the  variation  in  the  electrode  poten- 
tial on  the  passage  of  the  alternating  current  was  also  noticed.  Here, 
however,  it  is  very  difficult  to  obtain  fairly  concordant  results,  even  after 
taking  all  the  precautions  used  in  the  case  of  platinum  electrodes.  Here 
the  electrolytic  cell  of  the  previous  cases  was  replaced  by  a  H  shaped  cell, 
at  the  bottom  of  the  two  limbs  of  which  there  is  a  sufficient  quantity  of 
pure  mercury  to  act  as  electrode.  The  cross-section  of  the  siuiace  of 
mercury  was  0.75  cm.  sq.  and  the  distance  between  the  surfaces  of  the 
electrodes  1.2  cm. 

Tabi^b  VI. 

B.  M.  p.      B.  u.  p.      B.  M.  p. 

Concen-  before  during  after 

Btectrolyte.  tration.  *        passage.         passage.         passage. 

H1SO4 l.oN  -f0.20  +0.23  -fo.22 

HCl i.oN  -f-o.ix  +0.15  -fo.i2 

KsCtiOt o.i  N  -f 0.272  -fo.32  -fo.31 

NaiSiOi o.i  N  — 0.40  — 0.51  —0.42 

KI 0,1  N  — 0.46  — 0.49  — 0.48 

NasSOs i.o^  — 0.05  — 0.06  — 0.05 

The  amount  of  variation  to  be  observed  in  these  cases  is  not  so  great 
as  in  that  of  platinum.  The  nature  of  variation  is  also,  in  many  cases, 
quite  tmlike  that  of  platinum.  The  peculiarity  was  observed  that  after 
the  passage  of  the  alternating  cturent  the  mercury  surface  in  most  cases 
lost  its  brilliancy,  and  it  was  therefore  suspected  that  some  chemical 
compounds  might  have  been  formed.  Indeed  Manuevrier  and  Chap- 
pius^  noticed  that  when  an  alternating  current  was  passed  through  mer- 
cury electrodes  in  sulfuric  acid  solution  there  was  formation  of  mercurous 
sulfate  on  the  electrode  surface. 

When,  however,  electrodes  of  platinum  black  are  used  the  above  varia- 
tion in  electrode  potection  on  the  passage  of  .alternating  currents  almost 
disappears.  In  no  case  were  the  fluctuations  more  than  0.015  volt. 
This  proves  that  there  is  no  appreciable  consumption  of  energy  at  the  elec- 
trode siuiace  and  the  condition  which  Ostwald  lays  down  for  the  trust- 
worthiness of  conductivity  measurements  by  means  of  alternating  cturent 
is  ialmost  fulfilled. 
^Loe.cU. 
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Tbe  variations,  under  the  influence  of  alternating  currents,  of  the  sin- 
gle electrode  potentials  of  combinations  which  have  an  £.  M.  P.  of  thdr 
own  was  next  studied.  Here  it  is  impossible  to  observe  the  fluctuations 
in  electrode  potentials  during  the  passage  of  the  alternating  current, 
for  there  the  two  dissimilar  electrodes  are  in  metallic  contact  through 
the  secondary  of  the  induction  coil.  The  readings  are  therefore  taken 
for  each  electrode,  before  and  just  after  the  passage  of  the  alternating 
current — the  arrangements,  as  has  been  previously  mentioned,  being 
such  that  no  appreciable  time  passes  between  the  breaking  of  the  second- 
ary circuit  and  the  determination  of  the  null  point.  A  completely  re- 
versible element  shows  no  peculiarity,  inasmuch  as  the  electrode  poten- 
tial remains  absolutely  the  same  before  and  after  the  passage  of  the  alter- 
nating current. 

The  study  of  cells  containing  an  electrode  consisting  of  a  metal  sur- 
rounded by  its  insoluble  salts  gave  quite  interesting  restdts.  In  this  type 
of  cells,  which  have  an  E.  M.  F.  of  their  own,  the  electrode  gets  polar- 
ized when  the  cell  is  allowed  to  work  for  itself.  Here,  in  order  to  deter- 
mine the  effect  of  the  alternating  cmrent,  it  is  necessary  to  study  first 
the  behavior  of  the  cell  as  regards  its  E.  M.  F.  after  it  has  been  allowed 
to  work  for  itself  for  a  certain  amount  of  time;  the  cell  is  then  left  to  itself 
to  recover  its  normal  condition,  and  when  the  recovery  is  complete 
it  is  again  allowed  to  work  for  the  same  interval  of  time  under  the  influ- 
ence of  an  alternating  current,  and  its  behavior  as  regards  E.  M.  F.  again 
studied.  The  Helmholtz  calomel  element,  zinc-zinc  chloride-mercurous 
chloride-mercury,  was  taken  up  for  study.  The  cell,  after  prepara- 
tion, should  be  left  to  itself  for  a  few  days,  so  that  mercurous  chloride 
may  settle  completely  and  in  a  compact  condition  on  the  surface  of  mer- 
cury. This  is  necessary  in  order  to  secure  standard  conditions  as  regards 
the  depolarizing  capacity  of  the  cell.  The  electrodes  of  the  cell  were 
corrected  through  a  resistance  box  and  the  mercury  cup  K'  to  the  two 
terminals  of  the  secondary  coil.  Here  there  is  no  necessity  of  the  calo- 
mel electrode,  A  and  B  being  directly  connected  to  the  electrodes  of  the 
calomel  element. 

Initial  E.  M.  F.  of  the  cell  =  i  .02  volt.  The  circuit  is  closed  through 
a  resistance  of  460  ohms.  E.  M.  F.  of  the  cell  just  on  breaking  circuit 
after  10  min.  0.61  volt.  The  cell  is  allowed  to  recover,  and  then  after  2 
hours,  external  circuit  is  closed  with  an  alternating  ciurent  passing  through 
the  secondary  coil — the  current  strength  through  the  primary  being 
Viftth  of  an  ampere.  E.  M.  F.  of  the  cell  just  on  breaking  circuit  after 
10  min.  =  o.  15  volt.  By  varying  the  external  resistance,  different  read- 
ing for  the  two  sets  of  values  oi  E.  M.  F.  could.be  obtained.  The  circuit 
is  kept  closed  in  each  case  for  5  minutes. 
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TabiA  VII. 

B.  M.  y. 
afttc 

Itdtial         ctosiag 

B.  M.  P.        drCttit 

Volt.          simply. 

B.  14.  F. 

after 

SSiit 
withaa 

Resis- 

tanise. 
Obms. 

Tablb  Vltl. 

B.  ^.  I^. 
after 
IniUal         closinf 
B.  M.  P.      circuit 

Volt.         simply. 

clodng 
circuit 
withsn 

400 

I.03 

0.51 

0.12 

200 

0.8 

0.49 

0.26 

700 

x.oa 

0.76 

0.16 

300 

o.d 

0.18 

0.16 

900 

1.02 

0.84 

o.ao 

500 

0.8 

0.19 

0.16 

500 

1.07 

0.45 

O.II 

700 

1.07 

0.64 

0.16 

900 

1.07 

0.81 

0.20 

In  the  cell  whose  E. 
was  more  dilute.  The 
case  where  the  external 
for  about  15  minutes. 

'92 
6 


M.  F.  was  1.07  volt  the  zinc  chloride  solution 
recovery  curve  could  also  be  easily  traced  in  the 
circuit  was  kept  closed  through  a  small  resistance 
Fig.  V  shows  a  typical  one.    The  rate  of  recovery 
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is  slow  at  the  beginning,  very  rapid  after  some  time,  and  then  again  slows 
down  as  the  normal  E.  M.  P.  is  approached.  The  curve  in  the  case  where 
no  alternating  current  passed  is  always  above  the  curve  of  the  case  where 
the  alternating  current  did  pass. 

The  ceU  Cd-CdClr-HgjClr-Hg  also  lends  itself  to  study  in  the  same 
manner. 

The  recovery  curve  is  given  in  Fig.  VI.  It  will  be  noticed  that  in  the 
case  of  these  cells,  even  when  there  is  sufficient  resistance  in  the  external 
circuit,  the  rate  of  recovery  is  slow  enough  to  be  accurately  traced. 

The  cell  zinc-zinc  sulfate-mercurous  stdfate-mercury  was  also  studied. 
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The  external  resistance  in  the  circuit  should  be  as  small  as  possible,  mer- 
curous  sulfate  being  soluble  enough  to  give  unpolarizable  electrodes  for 
small  current  densities.  In  this  case,  the  recovery  curves  are  similar 
to  those  of  the  calomel  cell.  Now,  since  in  all  the  cells  studied,  there  re- 
mained always  a  sufficient  amount  of  mercury  salt  on  the  surface  of  the 
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mercury  electrode,  we  may  reasonably  hold  that  the  depolarizing  capacity 
of  each  cell  retained  a  constant  value.  Now  the  curves  of  recovery  to  the 
normal  E.  M.  F.  with  time,  as  also  the  values  of  E.  M.  F.  just  on  the 
breaking  of  circuit,  show  unmistakably  that  the  cell  retains  its  polariza- 
tion longer  in  the  case  when  an  altemating  current  plays  in  the  external 
circuit  than  in  that  in  which  the  external  circuit  is  simply  kept  closed. 
If  therefore  we  attribute  a  constant  value  to  the  depolarizing  capacity  of 
each  cell  we  may  conclude  that  a  greater  amotmt  of  polarization  takes 
place  in  the  former  case  than  in  the  latter. 

The  effect  of  impressing  an  altemating  cturent  to  the  above  type  of 
cells  is  therefore  to  increase  the  amount  of  polarization  at  the  mercury 
electrode,  and  necessarily  to  increase  the  amount  of  the  polarizing  current 
which  the  cell  furnishes  of  itself. 

The  behavior  of  cells  containing  an  electrode  which  is  very  easily  polar- 
izable  was  next  studied.  The  internal  resistance  of  the  cell  was  i^ways 
very  small — never  greater  than  one  ohm. 
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Tabids  DC. 


B.  M.  F. 

b«fore 
Cell.  pMMige. 

Zn-ZllSO«-Pt     1. 41 

Cu-CuS04-Pt  0.31 

Cd.CdS04-Pt    1.20 


B.  M.  P. 

after 

simply 

donnf 

drcuit. 

0.05 

0.04 

0.05 


B.M.F. 
after 
dorinc 
ctrciiit 

with  alt. 

current. 

0.05 
0.04 
0.05 


Tabus  X. 

B.  M.  9.  of  the  mercnry 
electrode 


CeU. 
Cd-ZnS04-Hg 
Al-ZnSOrHg 
Fe-ZnSO«-Hg 
Ni-ZnSOi-Hg 
Ca-ZiiS04-Hg 


Before 
passage. 

--O.05 
—0.07 
—0.06 
— O.I 
—0.08 


After 


current. 
-fo.98 
-f  i.oi 

+  I.03 
+  1.00 

4-O.IO 


Quite  a  number  of  such  cells  were  studied,  but  in  no  case  was  a  great 
difference  fotmd  between  the  values  in  the  3rd  and  the  4th  column.  The 
rate  of  disappearance  of  polarization  with  time  did  not  yield  reliable  re- 
sults. However,  in  the  case  of  those  cells  where  merciuy  is  the  polariza- 
ble  electrode,  e,  g.,  zinc-zinc  sulfate-mercury,  magnesium-magnesium 
sulfate-mercury,  it  is  observed  that  ripples  begin  to  play  more  violently 
on  the  mercury  surface  when  an  alternating  current  pla3rs  in  the  external 
circuit. 

The  next  type  of  cells  consisted  of  electrodes  both  of  which  were  easily 
polarizable.  The  electrode  potential  of  each  electrode  of  the  cell  was 
measured  against  a  dednormal  calomel  electrode,  before  and  then  just 
after  the  passage  of  the  alternating  current.  The  salt  solutions  used  were 
quite  concentrated  and  the  internal  resistance  of  the  cell  was,  as  in  the 
previous  ones,  very  small.  The  alternating  cturent  was  allowed  to  pass 
for  15  minutes. 

Except  in  the  case  of  nickel,  the  electrode  potential  of  the  more  elec- 
tro positive  metals  of  the  above  cells  did  not  change  appreciably.  In 
the  case  of  the  cell  Ni-ZnS04-Hg  the  electrode  potential  of  nickel  rises 
from  +0.24  to  -1-0.42,  but  this  high  value  is  not  retained  long  enough. 
In  all  the  above  cells,  except  in  the  case  of  the  cell  Cu-ZnS04-Hg,  it  will 
be  observed  that  the  merciuy  electrode  assumes  a  potential  value  which 
is  almost  equal  to  that  of  metallic  zinc  against  a  zinc  sulfate  solution. 
Evidently  zinc  has  formed  an  amalgam  with  merciuy.  The  mercury  elec- 
trode loses  its  high  E.  M.  F.  only  very  slowly. 


Table  XI. 

Tablb  XII. 

B.  M.  P.  of  the  pladflum 
electrode 

CeU. 

B.  M.  P.  of  mercury 
electrode 

Cell. 

Before 
passage. 

After  passage 
of  the  alt. 
current. 

Before 
passage. 

Alt^pMsage 
of  ah. 
current. 

Cd-ZnS04-Pt. 

.      —0.25 

.     +0.95 

Ni-CdS04-Hg. 

— 0.12 

-fo.62 

Fe-ZnS04-Pt . 

— 0.22 

+0.56 

Fe-CdS04-Hg. 

.      —0.15 

4-0.63 

iri.ZnS04-Pt . 

.     — 0.23 

-ho.  62 

Ca.CMS04-Hg. 

.     —0.16 

-fo.60 

It  is  to  be  noticed  that  the  platinum  electrode  attains  the  E.  M.  F. 
of  zinc  only  in  the  case  of  the  cell  Cd-ZnS04-Pt.  Unlike  the  behavior  of 
the  mercury  electrodes,  platinum  does  not  retain  this  high  potential  for 
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a  long  tiine.  Fig.  VII  i?  a  tjrpical  recovery  curve  of  the  platintmi  electrode 
in  the  case  of  the  cell  Cd-ZnSOrPt.  The  two  breaks  at  0.83-0.86  volt 
and  again  at  0.2-0.25  volt  are  very  peculiar.  The  first  break  perhaps 
indicates  the  lower  limit  of  existence  of  zinc  and  the  other  at  0.23,  the 
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limit  of  existence  of  hydrogen  gas  which  is  perhaps  evolved  by  the  solu- 
tion in  water  of  zinc  deposited  or  the  platinum  surface.  In  this  connect 
tion  the  work  of  Oberbeck^  and  Konigsberger  and  Muller^  on  the  concen- 
tration of  the  massive  metal,  may  be  referred  to.  Cells  were  then  studied 
in  which  the  electrolyte  was  a  salt  of  cadmium. 

In  all  the  above  cases  the  electrode  potential  of  mercury,  after  the  pas- 
sage of  the  alternating  current,  approaches  the  potential  value  of  cadmium 
against  cadmium  sulfate  solution.  Here  also  mercury  loses  its  hi^ 
E.  M.  F.  only  very  slowly.     In  the  cell  Cu-CdClt-Hg,  mercury  did  not 

»  WitA,  Ann.,  31,  336  (1887). 

«  Pkys.  Z.,  6,  847,  849  (1905). 
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tthibh  th^  B.  M.  p.  of  c^Hlmimn,  and  the  contrast  between  the  behavior 
of  the  two  salts  is  quite  marked. 

Tabls  xm. 

B.  M.  F.  of  the  pUtinum  electrode 


Before  the  After  the  pMMge 

Cell.  pbmm*^  cfpt/ttit,  ^otunt 

Ni-CdS04-Pt — o.a6  -fo.6i 

Cu-CdS04-Pt —0.25  4-0.02 

Platinum  in  the  case  of  the  first  cell  approaches  the  potential  value  of 
cadmium,  but  not  in  the  Ckse  of  the  second  cell.  However,  the  cell  Ni- 
CMS04-Pt  shows  quite  an  anomalous  behavior.  The  behavitw  of  the 
platintun  electrode  of  the  cell  depends  essentially  on  the  condition  of  the 
nickel  electrode.  If  the  alternating  current  be  passed  through  the  cell 
just  after  the  nickel  wire,  thoroughly  cleansed  and  polished  with  emery- 
paper,  is  dipped  into  the  electrolyte,  platinum  could  be  made  to  attain 
the  potential  value  of  cadmium.  If,  however,  the  alternating  current 
is  passed,  several  hours  after  the  cell  has  been  prepared,  the  E.  M.  P. 
of  platinum  rises  from  — 0.27  to  +0.01  volt.  The  behavior  of  nickel 
electrode  itself  also  indicates  this  change  in  the  condition  of  its  surface 
on  being  kept  dipped  into  the  electrolyte.  The  E.  M.  F.  of  nickel  against 
a  decinormal  calomel  electrode  just  on  dipping  it  into  the  solution  was 
+0.2  volt,  and  after  the  passage  of  the  alternating  current  for  10  min- 
utes was  0.5  volt.  However,  if  the  electrode  be  kept  immersed  in  the* 
solution  for  several  hours  the  initial  value  is  only  -f  0.08  volt,  and  that 
after  the  passage  of  the  alternating  current  only  -f-o.  10  volt.  No  change 
in  the  surface  of  the  nickel  electrode  could  be  observed  with  the  eye. 

Some  cells  formed  by  the  combination  of  two  electrolytes  were  next 
studied.  It  has  been  stated  before  that  when  an  alternating  current 
passes  through  the  cells  Cd-ZnS04  sol.-Hg,  Cd-ZnS04  sol.-Pt,  the  inercury 
or  platinum  exhibits  the  electromotive  force  of  zinc.  But  the  behavior 
of  the  cells  Cd-CdS04-ZnS04-Hg,  Cd-CdS04-ZnS04-Pt  is  quite  other- 
wise.  In  no  case  could  the  value  of  the  electrode  potential  of  mercury 
or  platinum  be  made  to  exceed  the  electrode  potential  of  cadmium  against 
cadmium  sulfate  solution.  In  cells  of  the  type  M-MX-MiX-Mi,  where 
M  is  the  more  electropositive  metal,  it  was  found  that  Mi,  even  under 
the  influence  of  a  fairly  strong  alternating  current,  could  not  be  made  to 
attain  an  electrode  potential  greater  than  that  of  M. 

The  cells  Ni-ZnS04-CdS04-Hg,  Ni-ZnS04-CdS04-Pt  were  next  studied. 
It  was  observed  that  after  the  passage  of  the  alternating  current  both  , 
mercury  and  platinum  electrodes  assumed  the  electrode  potential  of  cad- 
mium. 

Further  work  on  the  nature  of  electrolysis  under  the  simultaneous  in- 
fluence of  a  direct  and  an  alternating  current  is  in  progress. 
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My  thanks  are  due  to  Professors  P.  C.  Ri^  and  J.  B.  Bhaduri  for  their 
encouragement  in  carrying  on  the  above  investigation. 

Cbsmicai,  LABosATomy,  PRBsmsNcy  Cou4K»^. 
Calcutta. 


EQUILIBRIUM  IN  THE  SYSTEM:  LEAD  ACETATE,  LEAD  OXIDE, 

WATER,  AT  35". 

By  RiCHAMD  p.  Jacxbon. 
Rcceired  September  24.  1914. 

The  basic  acetates  of  lead  owe  a  considerable  importance  in  s^plied 
chemistry  to  the  fact  that,  for  a  large  class  of  crude  substances,  they  are 
the  most  effective  and  most  convenient  clarifying  agents  known.  In  the 
analysis  of  crude  saccharine  products  the  question  of  clarification  is  as- 
suming an  ever-increasing  importance,  as  the  sugar  analysis  approaches 
a  continually  higher  precision.  In  order  that  ftulher  advances  may  rest 
upon  a  firm  basis,  it  seems  highly  advisable  that  in  place  of  acquiring 
more  empirical  data  on  the  crude  products  themselves,  we  turn  our  at- 
tention to  some  of  the  more  fundamental  problems  involved.  The  pres- 
ent work  was  undertaken  in  order  to  contribute  to  our  very  meager  knowl- 
edge of  the  basic  acetates  themselves  and  their  behavior  in  aqueous  solu- 
tion. Its  appUcation  to  the  complicated  problem  of  sugar  clarification 
will  form  the  subject  of  a  special  investigation. 

.  A  glance  into  the  history  of  the  study  of  this  problem  reveals  the  fact 
that  while  a  mmiber  of  compounds  have  been  reported,  no  work  has  been 
done  in  the  Ught  of  modem  knowledge.  Much  of  the  work  which  has 
hitherto  been  accepted  was  done  under  asstmiptions  which  we  now  know 
to  be  radically  erroneous.  As  an  instance  of  this  the  work  of  Lowe*  may 
be  cited.  This  investigator  boiled  lead  oxide  and  lead  acetate  for  an  arbi- 
trary length  of  time  and,  upon  obtaining  a  solution  and  a  residue,  he  as- 
sumed that  each  represented  a  compound.  In  order  to  identify  these  com- 
pounds he  used  them  to  precipitate  the  insoluble  basic  nitrate  of  lead» 
which  was  then  recrystallized  before  analysis.  Its  analysis  was  assumed 
to  indicate  the  proportion  of  basic  to  neutral  lead  in  the  original  com- 
pound. The  conclusions  based  upon  this  procedure  must  be  considered 
invalid. 

In  other  instances  investigators  have  attempted  to  isolate  and  purify 
the  basic  compounds  and  have  reported  the  formulas  on  the  basis  of  the 
direct  analysis  of  these  substances.  In  most  cases  the  substance  obtained 
must  have  been  heterogeneous.  Indeed,  as  will  appear  from  the  present 
work,  it  is  almost,  if  not  quite,  impossible  to  isolate  at  least  one  of  the  basic 
compounds,  while  the  danger  of  obtaining  a  mixttu-e  is  so  great  that  it 
makes  this  method  of  investigation  unreliable. 

»  /.  prakt,  Chem.,  98,  385  (1886), 
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The  faUoWing  compounds  have  been  reported: 
Pb(CH30,),.5PbO» 
Pb(CtH,0»)«.2PbO* 
Pb(CtH302)s.PbO» 
3Pb{CH,Ot),.2PbO* 
2Pb(C«H,02),.PbO.H,0» 

The  U.  S.  Pharmacopoeia  states  that  neutral  lead  acetate  is  soluble  in 
two  parts  of  water  at  25^.  Other  than  this,  no  measurement  of  the  solu* 
bility  of  neutral  or  basic  lead  acetate  has  been  made. 

The  present  work  has  been  intended  to  show  what  compounds  exist 
and  what  are  the  limits  of  stability  of  each.    For  this  purpose  the  problem 
was  attacked  from  the  standpoint  of  the  Phase  Rule. 
Preparation  of  Reagents. 

Lead  Acetate. — Lead  acetate,  C.  P.,  from  Baker  &  Adamson,  was  re- 
crystallized  once  from  distilled  water  containing  a  slight  excess  of  acetic 
acid.  Two  samples  were  tested  by  separating  the  lead  quantitatively 
as  sulfate  and  sulfide,  respectively.  The  filtrate  in  each  case  yielded  no 
significant  residue. 

Lead  Hydroxide. — Recrystallized  lead  acetate  was  dissolved  in  water 
free  from  carbonic  add.  A  small  quantity  of  this  solution  was  added  to  a 
caustic  alkali  solution  and  the  mixture  allowed  to  stand  several  days  to 
permit  lead  carbonate  to  settle.  The  solution  was  then  filtered  rapidly 
through  asbestos  and  mixed  with  the  remaining  lead  acetate  solution. 
The  lead  hydroxide  precipitate  was  thrown  on  a  filter  and  washed  with 
water  free  from  carbon  dioxide  until  free  from  sodium  salts.  The  con- 
tent of  lead  oxide  was  determined  by  ignition  of  a  small  sample.  This 
procediu'e  could  not  have  accomplished  the  complete  elimination  of  car- 
bonate, but  a  few  experiments  showed  that  the  presence  of  even  a  con- 
siderable amount  of  carbonate  was  without  influence  on  the  equilibrium. 

Acetic  Acid. — The  C.  P.  reagent  of  commerce  was  redistilled  and  the 
middle  portion  of  the  distillate  reserved  for  use. 

Analytical  Procedure. 
The  analytical  processes  were  required  to  3rield  the  percentages  of  neu- 
tral lead  acetate  and  of  basic  lead  present  in  the  sample.  These  data  were 
obtained  by  measuring  the  quantity  of  standard  add  neutralized  by  the 
basic  lead  and  the  quantity  of  reagent  required  for  the  complete  predpi- 
tation  of  lead.    Two  methods  of  estimation  of  total  lead  were  utilized, 

1  Wittstein  and  Kfihn,  Buchner's  Rep.,  84,  181. 

*  L6we,  Loc.  cU.;  Pelousc,  Ann.,  43,  206  (1842). 
'  Lowe,  Loc.  cit. 

*  "Brown's  Handbook  of  Sugar  Analysis/'  p.  207. 

•Stolle,   "Handbuch   fur  Zuckerfabriks  Chemiker."   p.  527;  W6hlcr,  Ann.,   39, 

es  (1839). 
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namely,  precipitation  by  ii6fmal  stdfuiic  add^  and  predpitatiaii  by  one- 
third  normal  sodium  oxalate.' 

To  the  weighed  sample,  in  a  500  cc.  volumetric  flask,  a  slight  excess  of 
normal  acetic  add  was  measured  from  a  pipet.  In  the  sulfate  method  the 
solution  was  diluted  and  sufficient  normal  sulfuric  add  added  for  complete 
predpitation.  The  solution  was  made  up  to  the  calibration  mark  with 
water  free  from  carbon  dioxide,  mixed  and  allowed  to  remain  over  night. 
Since  the  total  predpitate  oi  lead  sulfate  amounted  to  more  than  15  grams, 
the  quantity  remaining  in  solution  in  the  presence  of  the  excess  sulfuric 
,add  was  too  small  to  be  significant.  Pour  100  cc.  aliquot  portions  of  the 
dear  supernatant  liquid  were  drawn  off  in  a  pipet.  Duplicate  titrations 
were  made  with  standard  alkali  to  determine  the  excess  of  add.  The 
alkali  was  a  solution  of  sodium  hydroxide  ccmtaining  a  little  barium 
hydroxide.  Phenolphthalein  was  used  as  an  indicator.  In  the  remaining 
two  portions  the  excess  of  sulfiuic  acid  was  determined  by  predpitation 
with  barium  chloride.  In  this  predpitation  the  precautions  recommended 
by  Allen  and  Johnson'  were  observed. 

In  the  oxalate  method  the  acetic  add  was  added  in  the  same  manner. 
An  excess  of  third  normal  sodium  oxalate  was  measured  in  and  the  solu- 
tion made  to  volume,  mixed,  and  allowed  to  settle.  The  aliquot  portions 
of  the  supernatant  liquid  were  titrated  for  free  acetic  add  with  normal 
alkaU  and  for  excess  of  oxalate  with  potassium  permanganate.^  This 
method,  on  account  of  its  greater  convenience,  was  the  main  reliance.  The 
two  methods  proved  to  be  equally  trustworthy.  The  lead  oxalate  is  much 
less  soluble  than  lead  sulfate.  The  presence  of  the  slight  quantity  of  acetic 
add  did  not  appear  to  increase  the  solubility  appreciably.  The  acetic 
add  was  without  influence  upon  the  permanganate  titration,  provided  it 
was  purified  by  redistillation. 

The  volume  of  the  predpitate  was  computed  in  every  instance  and  de- 
ducted from  the  calibrated  volume  of  the  flask.  For  this  purpose  the  data 
of  Schroder^  for  the  density  of  predpitated  lead  sulfate  are  available, 
but  no  data  exist  on  that  of  lead  oxalate.  Consequently  this  was  deter- 
mined. The  precipitated  oxalate  was  washed  by  decantation  and  trans- 
ferred to  a  calibrated  pycnometer.  The  pycnometer  was -nearly  filled 
with  water,  which  was  then  brought  to  boiling  in  a  vacuum  to  remove  air. 
After  adjustment  and  weighing,  the  contents  of  the  p)rcnometer  were 
transferred  to  a  Gooch  crudble  and  the  wdght  of  the  dry  predpitate 
^  Fresenius-Cohn,  "Quantitative  Chemical  Analysis/'  Vol.  II,  p.  599  (1904). 

*  Mokr's  "Lehrbuch  der  Chemisch-Analytischen  Titrirmethoden,"  7th  Atifl.,  p. 
798;  Sutton,  "Volumetric  Analysis/*  loth  cd.,  p.  245. 

»  This  Journal,  32,  588  (1910). 

*The  procedure  was  that   recommended  by  McBride,  BmU,  Bur.  Standards,  8, 
.^11  (1912);  This  Journal,  34,  393  (1912). 

•  Pogg.  Ann,  Erg.,  Bd.  6,  622  (1874). 
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was  detemuned.  From  the  data  obtained  the  density  of  lead  oxalate 
was  found  to  be  5 .28.  In  computing  the  total  excess  of  reagent  frosn  the 
aliquot  titer,  the  latter  was  multiplied  by  the  ratio  of  the  true  volunte 
of  the  aolutaoa  to  the  acttaal  vofaune  delivered  by  the  ptpet. 

Inasmuch  as  the  computation  of  results  was  troublesome  tmtil  it  was 
condensed  to  routine,  it  is  considered  advisable  to  illustrate,  by  specific 
instance,  the  final  method  used. 

Total  normal  acid  added 58 .  37 

Excess  of  acid,  by  alkali  titration 17 .  26 

Normal  acid  equivalent  to  basic  lead 41 . 1 1 

_^^       41. II  X  Vi  M.  W.  PbO 

^^^°Wt.  of  sample  (^8-:^^ ^^"'^^^ 

Total  N/s  oxalate  added 400 .32 

Excess  oxalate  by  permanganate  titration 16.36 

Oxalate  equivalent  to  total  lead 383 .96 

Ditto  in  normal  solution 137 . 99 

Total  lead  equivalent  minus  basic  lead  equivalent  127.99 — ^41.11  =       86.88 

T>wr^xxr.^  *        86.88  X  'A  M.  W.  Pb(C,HaO>). 

Pb(C,H,0,),  present  » --— -—    —     —       « 48. 95% 

Wt.  sample  (28.86) 

The  computation  from  the  analysis  as  sulfate  was  similar,  the  total  added 
acid  being  the  sum  of  the  acetic  and  sulfuric  acids. 
Synthesis  of  Basic  Acetates. 

The  usual  methods  of  preparing  the  basic  lead  acetates  have  consisted 
of  boiling  the  neutral  acetate  witii  varying  quantities  of  lead  oxide.  In 
the  present  work  the  compounds  were  made  by  the  interaction  of  the  neu- 
tral acetate  and  a  suspension  of  lead  hydroxide.  These  reactions  were 
in  many  cases  very  striking  and,  in  contrast  to  the  long  period  of  boiling 
required  in  the  case  of  the  oxide,  they  occurred  with  great  rapidity. 

A  few  instances  will  illustrate  these  phenomena: 

In  the  preliminary  work  before  the  saturation  curves  had  been  located, 
a  synthetic  mixture  was  made  up  of  about  the  composition  20%  PbO  and 
15%  PbCCaHaOa)^.  The  hydroxide  was  added  in  the  form  of  a  suspension 
in  water.  On  shaking  up  the  mixture  there  was  an  immediate  solution, 
^mth  the  exception  of  a  slight  turbidity.  Then  after  a  few  minutes  the  en- 
tire solution  stiffened  to  a  solid  mass.  This  was  due  to  the  crystallization 
of  Pb(CaH802)2.2Pb0.4H20. 

Another  synthetic  mixture  was  made  up  of  composition  20%  PbO, 
53%  Pb(QiH302)i.  In  order  to  prepare  a  mixture  containing  Uttle  enough 
w^ater  it  was  necessary  to  dry  both  the  neutral  acetate  crystals  and  the 
hydroxide  suspension,  the  latter  to  a  stiff  paste,  in  a  desiccator.  On  weigh- 
ing out  the  components  into  a  bottle  the  unmixed  mass  had  the  appear- 
ance of  nearly  dry  solid  material.     After  a  few  seconds*  vigorous  shaking 
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the  reaction  occurted  tApidly  and  the  whole  mass  was  transfomied  into 
k  mobile  liquid.  At  the  same  time  there  occurred  a  very  considerable 
absorption  of  heat. 

The  Establishment  and  the  Determination  of  the  Bquilibxia. 

The  equilibria  were  established  in  long  narrow  flasks  of  thin  glass 
which  were  agitated  in  a  motor-driven  rotating  frame  under  the  water 

Summary  of  Data. 

Sotatioa.                             Residue  of  lolu-           tlrt 

Hxpt,             * • .       . • *         Solid  tton.            index. 

No.               PbO.      Pb(CtHiOi)t.       PbO.     Pb(CtHiOi)t.         pluue.  I>2S/4.            «x>. 

I — 0.271       35.19                                            Pb(CjH,0|)f  1.326 

2 4-0.  xo         35  60                                              3HjO  1.334         1.380 

3 i.oi         37.14  1.367 

4 3.38        38.93  1.422 

5 6.01         41.95           2.85         64.34  1.531 

6 9-47        44.71  1.658 

7 14.22        47.88  9.44        60.68 

8 14.44         47.92  1.852 

9 15.89        48.95        14.10        60.99        Transition  1.456 

10 15.90        48.42         16.68        58.84        3Pb(CflH|0i)s  1.930        1.456 

II 16.25        48.85        16.63        55.52                PbO  1.942        1.4605 

12 16.29        48.87                                                  3HsO  1.941 

13 16.65        49.04                                 *      .  1.956 

14 18.83        48.71         18.61        58.98  2.024         1.467 

15 22.23        48.52        20.50        60.05  2. 161         1.4845 

16 22.94        48.96        21.72        57.06  2.193         1.491 

17 23.28        49.14        21.81         57.05 

18 23.53        49.01  2.220 

19 24.71        49.22        26.02        52.90        Transition  2.282        1.502 

20 24.77        49.20        27.44        52.12        Transition  2.279        1.501 

21 23.59        43.17                                         Pb(CifijC)i)i  2.048        1.469 

2PbO 
4HtO 

22 22.78        40.78        29.14        40.39  1.951 

at3 19.63        31.40        25.14        32.60  1.657 

24 18.73        29.63  1.599         1.409 

25 14.62        20.96        35.00        30.49  1.382         1.379 

26 13.41         1965  1.348 

27 10.66        12.99  1.229 

28 8.47          8.64  1.157 

29 8.08  8.07 

30 7.84  5.36 

31 7.87           5.27  1.119 

32 7.79          5.25  1.1x7         1.344 

33 7.17  471  Pb(OH), 

34 6.84          4.31  1.100         1.343 

35 6.54          4.25         68.60          1.39  1.095 

36 5.91           3.82  1.085         1.340 

37 5.29           3.40  1.075 

38 0.20  O.II 

1  Acidity  expressed  in  terms  of  PbO. 
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of  a  thermostat  for  at  least  48  hours.  The  temperature  of  the  bath  was 
constant  to  about  o.oi^  .All  experiments  were  made  at  25. oo^  In 
order  to  determine  with  certainty  whether  equilibrium  was  reached  in 
48  hours,  the  time  of  agitation  in  a  number  of  experiments  was  increased 
by  var3dng  amounts.  In  these  instances  practically  identical  results 
within  the  error  of  experiment  were  obtained.  See  Experiments  7  and  8, 
II  and  12,  19  and  20,  31  and  32.  Moreover,  in  general,  the  times  of 
agitation  were  very  varied,  never  less  than  48  hours,  frequently  as  long  as 
seven  days.  The  fact  that  smooth  curves  were  obtained  is  further  evi- 
dence that  equilibrium  was  attained. 

After  the  mixture  had  reached  equilibrium  the  flask  was  placed  in  a 
rack  in  the  thermostat  to  permit  the  solid  phase  to  separate.  In  taking 
the  sample  the  solution  was  drawn  up  into  a  pipet  and  a  measured  vol- 
ume delivered  into  a  weighed  500  cc.  volumetric  flask.  The  flask  and  sub- 
stance were  then  weighed.  This  procedure  gave  the  weight  of  the  isample 
and,  as  the  subsequent  treatment  was  in  the  same  flask,  no  further  trans- 
fer of  material  was  necessary.  A  knowledge  of  the  volume  and  weight 
of  the  soluticm  permitted  a  calculation  of  the  density.  The  values  to  three 
decimals  are  given  in  the  summary  of  data. 

In  studjring  the  solid  phase  the  indirect  method  of  Schreinemakers* 
was  employed.  The  supernatant  solution  was  decanted  and  a  portion 
of  the  solid  with  the  adhering  mother  liquor  shaken  into  the  volumetric 
flask  for  analysis. 

The  Solid  Phases. 

As  a  study  of  the  diagram,  Fig.  i,  will  reveal,  there  are  four  solid  phases 
which  can  exist  in  equilibrium  with  ac^ueous  solutions  of  the  two  solid 
compcments. 

The  neutral  lead  acetate,  PbCCsHsQOt-sHiO,  consists  of  brilliant  mono- 
dinic  prisms.  It  can  exist  in  equilibrium  with  an  aqueous  solution  con- 
taining dissolved  substance  of  its  own  composition.  It  is  also  capable 
of  existence  in  equilibrium  with  solutions  containing  as  much  as  15. 9%' 
basic  lead,  estimated  as  oxide.  Its  saturation  curve  is  continuous  with 
one  extending  into  acid  solutions. 

The  tetra-lead-monoxy-hexacetate,*  3Pb(C2H802)2.Pb0.3HiO,  consists 
of  perfectly  formed  needles  which  may  attain  the  length  of  5  mm.,  but 
usually  appear  as  small,  lustrous,  silky  crystals  whose  form  is  difficult 
to  recognize.  It  is  exceedingly  soluble  in  water  and  forms  solutions 
of  density,  1.93  to  2.28.  It  cannot  exist  in  equilibrium  with  aqueous 
solutions  of  itself,  but  depends  upon  an  excess  of  dissolved  basic  lead. 

*Z.  physik.  Chem.,  11,  76;  Bancroft,  /.  Phys.  Chem,,  6,  179;  Pindlay,  "Phase 
Rul^"  3rd  ed.,  p.  305.     • 

«  For  nomenclature  see  Hoffman,  "Dictionary  of  Inorganic  Compounds,"  ^M.  I, 
p.  44. 
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On  acc»imt  of  tlie  small  size  and  softness  of  the  Ciystflls,  madtbe  M^ 
density  and  viscosity  of  the  mother  liquor,,  it  is  practically  impossible 
to  isolate  in  pure  form.  It  is  probable  that  these  experim^ital  diffi- 
culties are  responsible  for  the  fact  that  its  composition  has  not  pre- 
viously been  correctly  ascertained.  To  establish  the  formula  of  this; 
compound  six  lines  were  determined.  These  gave  rise  to  a  large  number 
of  intersections,  of  which  ten  were  at  sufficiently  large  angle  to  be 
considered  representative  of  the  solid  phase.  The  mean  of  these  ten 
was  the  accepted  value. 

Calc.  for  3Pb(C,H,02)2.Pb0.3HjO:  Pb(CjH«0,)i,  77.9;  HjO,  4.3;  found:  77.9  and 
4.2. 

The  apparent  precision  of  the  accepted  value  is  somewhat  deceptive, 
as  the  individual  determinations  are  slightly  scattering. 

The  tri-lead-dioxy-diacetate,  Pb(QH80i)2.2Pb0.4HjO,  has  been  iso- 
lated previously  and  its  formula,  with  respect  to  the  two  solid  components^ 
correctly  ascertained.  It  has  been  hitherto  described  as  an  amorphous 
solid  and,  in  fact,  as  it  usually  occurs,  it  has  that  appearance.  Neverthe- 
less, by  slow  evaporation  of  its  dear  solution  it  can  be  obtained  in  small^ 
rather  ill-formed,  needles  which  leave  no  doubt  of  its  crystalline  charac- 
ter. Its  sattu'ation  curve  has  a  very  great  length,  extending  from  13% 
to  74%  of  dissolved  substance.  It  is  stable  in  contact  with  aqueous  solu- 
tions of  itself. 

Calc.  for  Pb(CsH,Os)2.2Pb0.4H,0:  PbO,  52.9;  HtO,  8.55;  found;  52.5  and  8.6. 

Lead  hydroxide,  Pb(0H)8>  is  in  equilibrium  with  solutions  containing 
less  than  4.^%  of  lead  acetate. 

The  Quadruple  Points. 

At  25**  there  are  three  sharply  defined  quadruple  points.  The  transi- 
tion mixture  at  B  was  obtained  by  approaching  it  with  successive  addi- 
tions of  neutral  acetate  to  the  solution  of  the  monoxy-acetate. 

The  transition  mixture  at  C  was  reached  in  two  separate  experiments,, 
one  a  new  synthetic  mixture  which  was  filtered  and  allowed  to  concen- 
trate in  a  desiccator,  the  other  a  mixture  formed  by  addition  of  neutral 
lead  acetate  to  a  solution  which  was  oh  the  saturation  curve  CD.  The 
solutions  proved  to  be  of  identical  composition ;  while  the  solid  phases^ 
as  shown  by  the  arrows,  were  mixtures  in  different  proportions  of  the  twa 
solid  phases  in  equilibrium  with  the  two  intersecting  saturation  curves. 

At  the  point  D,  the  dioxy-acetate  and  lead  hydroxide  can  exist  in  con-  * 
tact  with  the  same  solution. 

The  Saturation  Curves. 
The  saturation  ciuAres  in  equilibriiun  with  the  four  respective  solid 
pha^s  are  in  some  respects  noteworthy.    The  curve  AB,  representing' the 
solubility  of  neutral  lead  acetate  in  basic  solutions,  shows  a  remarkably- 
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Inj^  rate  of  increase  of  solubility  of  the  solid  ^pimse.  In  order  to  cause 
such  a  rise  in  scdubility  there  must  occur  a  mor^  deep-seated  diange  in 
the  solution  than  the  mere  admixture  of  two  solutes.  The  curve  is  slightly 
convex  toward  the  solid  phase.  The  curve  BC  is  approximately  a  straight 
line.  The  solution  contains  a  nearly  constant  quantity  of  lead  acetate 
with  varying  lead  oxide  content.  Since  the  dioxy-acetate  has  a  low  tem- 
perature coefficient  of  solubility  and  the  neutral  acetate  a  high  one  it  is 
•conceivable  that  at  some  temperature  in  the  neighborhood  of  o^  this 
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Pig.  I. — Isothermal  equilibrium  at  25".  The  curves  AB,  BC,  CD  and  DE  repre- 
sent the  composition  of  the  solution  in  equilibriiun  with  the  respective  solid  phases. 
The  area  ABCDE  encloses  the  region  of  unsaturated  solutions.  Note  the  great  in- 
crease of  solubility  of  the  neutral  acetate  In  basic  solutions,  the  high  solubility  and 
limited  range  of  stability  of  the  monoxy-ctcetate,  and  the  very  great  range  of  stability 
of  the  dioxy-acetate.    The  data  are  computed  with  respect  to  weight  per  cent. 

-small  curve  would  be  squeezed  out  of  existence.  At  such  temperature 
we  should  have  three  solid  phases  in  equilibrium  with  the  same  solution 
and  vapor  and  hence  a  nonvariant  point.  The  curve  CD  in  equilibrium 
with  the  dioxy-acetate  shows  again  the  great  effect  upon  the  solubility 
which  a  relatively  slight  change  in  the  ratio  of  basic  to  neutral  lead  ex- 
erts. It  is  slightly  concave  toward  the  solid  phase.  The  curve  DE  is 
practically  linear. 
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The  plot,  Fig.  i»  was  cotistnicted  with  reference  only  to  wei^^t  "per- 
oentages.  If  the  data  are  plotted  in  molecular  pearoentages,  a  diagram 
of  the  same  general  form  results,  but  of  very  mudi  diminished  area.  On 
account  of  the  high  molecular  weight  of  the  lead  compounds  the  mdecular 
percentages  become  very  low. 

A  study  of  the  purely  chemical  equiUbria  enables  us  to  understand  some 
of  the  changes  which  occur  in  the  solution  and  thus  to  predict,  in  some 
measure,  the  course  of  the  saturation  curves. 

Starting  at  the  point  A  of  the  diagram,  we  find  neutral  lead  acetate 
crystals  in  equilibrium  with  a  solution  of  neutral  lead  acetate.    We  may 
suppose  that  the  first  equilibrium  is  between  whole  molecules  thus: 
solid  molecules  in  solution 

(i)  Pb(CH80,),        :^        Pb(CHaO,), 
neglecting  the  water  of  hydration. 

Undoubtedly  the  dissolved  salt  is  then  to  some  extent  both  ionized  and 
hydrolyzed.  However,  it  must  be  equiUbrium  (i)  which  determines  the 
solubility  of  the  crystals  and  the  constant  of  that  equilibrium  must  be 
maintained  whatever  subsequent  reactions  occur.  ^ 

Upon  addition  of  lead  hydroxide  the  first  basic  acetate  which  makes 
its  appearance  has  the  formula  3Pb(C«H802)2.Pb0.3H20.  The  solution 
does  not  become  saturated  with  respect  to  the  solid  phase  imtil  about  15% 
of  lead  oxide  is  dissolved.  Here  again,  an  equilibrium  between  whole  mole- 
cules of  solid  and  dissolved  basic  acetate  must  exist.  The  solution  repre- 
sented by  the  saturation  curve  AB  of  the  neutral  acetate  must  also  con- 
tain this  same  molecular  species  although  in  a  state  of  unsaturation. 
There  must  then  be  in  the  solution  an  equilibrium  between  the  dissolved 
molecules  of  neutral  acetate  and  those  of  the  monoxy-acetate  thus: 

(2)  3Pb(CH,0,)2  +  PbO  :^  [Pb(C2H30,)2]3.PbO 
Now  from  this  equation  it  appears  that  one  molecule  of  lead  hydroxide 
causes  the  disappearance  of  three  molecules  of  neutral  acetate.  The 
equation  would  occur  almost  totally  from  left  to  right  at  the  low  concen- 
trations of  the  basic  acetate.  If  then  we  add  lead  hydroxide  to  a  satu- 
rated solution  of  the  neutral  acetate  we  cause  a  disproportionately  large 
quantity  of  dissolved  lead  acetate  molecules  to  disappear.  But  now  the 
original  equilibrium  between  the  neutral  crystals  and  the  dissolved  neu- 
tral molecules  must  be  maintained,  hence  a  large  quantity  of  neutral 
acetate  must  go  into  solution.  This  would  accoimt  for  the  astonishing 
increase  of  solubility  of  the  neutral  acetate  in  basic  solutions. 

Of  interest  in  this  connection  is  the  correlation  of  another  phenomenon. 
Parsons*  has  shown  that  the  freezing  point  of  a  lead  acetate  solution  is. 

*  This  must  be  rigorously  true  for  minute  changes  in  the  solution. 

*  J.  Phys.  Chem.,  11,  659  (1907). 
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raised  by  the  addition  of  basic  lead  even  although  more  sodid  substance 
is  in  scdlition.  In  his  discussion  he  very  justly  pointed  out  that  no  evi^ 
dence  of  a  molecular  complex  then  existed.  If,  however,  Eqt^tion  2 
is  substantially  correct  the  addition  of  one  molecule  of  lead  hydroxide 
to  three  of  acetate  has  caused  the  formation  of  but  one  molecule  of  the 
basic  compound  or  a  disappearance  of  three  molecules.  Since  the  low- 
ering of  freezing  point  depends  only  upon  the  ntunber  of  dissolved  parti- 
cits,  we  should  expect  a  rise  and  not  a  lowering  upon  the  addition  of  basic 
lead. 

If  we  make  the  assumption  that  the  constancy  of  equiUbrium  (i)  is 
rigidly  maintained  throughout  the  wide  variation  of  conditions  repre- 
sented by  the  curve  AB,  we  can  make  a  further  prediction  in  regard  to 
the  saturation  curve.  If  we  continue  the  addition  of  lead  hydroxide^ 
the  concentration  of  the  basic  acetate  continually  increases  and  gradually 
Equation  2  becomes  important  in  the  sense  from  right  to  left.  Thus 
at  the  farther  end  of  the  curve  the  addition  of  a  small  quantity  of  lead 
hydroxide  must  produce  a  smaller  relative  effect  than  at  the  low  concen- 
trations. In  other  words,  the  saturation  curve  should  have,  according 
to  this  theory,  the  convex  shape  which  was  foimd  by  experiment. 

The  nature  of  the  solution  represented  by  AB  imdergoes  some  varia- 
tion between  A  and  B  in  respect  to  basicity,  viscosity,  and  density;  and 
it  seems  at  first  somewhat  violent  to  assume  the  constancy  of  Equation 
I.  On  the  other  hand,  if  we  calculate  in  molecular  per  cent,  instead 
of  weight  per  cent,  we  find  that  the  point  A  corresponds  to  but  2 .  98% 
lead  acetate  and  the  point  B  to  6 .  93%  lead  acetate  and  3 .  28%  lead  oxide. 
As  far  as  molecular  percentages  are  concerned,  we  are  still  dealing  with 
fairly  dilute  solutions.    This  justifies,  to  some  extent,  our  assumption. 

The  mechanism  of  the  reaction  cannot  be  supposed  to  be  as  simple 
as  represented  by  Equation  2,  but  even  so,  we  may  say  with  certainty 
that  the  end  members  of  the  chain  of  reactions  are  just  as  represented^ 
namely,  neutral  lead  acetate  molecules  and  basic  lead  acetate  molecules, 
and  whatever  reasoning  has  been  applied  would  be  equally  valid  if  the 
mechanism  of  the  reaction  included  the  products  of  ionization  and  hy- 
drolysis. 

With  regard  to  the  second  saturation  curve  BC,  viz,,  that  in  equilib- 
rium with  the  soUd  phase  [Pb(G2H302)2]8.PbO,  let  us  suppose  that  we 
are  following  the  curve  from  right  to  left.  Neutral  lead  acetate  has  now 
acquired  so  great  a  solubility  that  the  basic  acetate  is  the  more  insoluble 
substance  and  separates  from  its  own  saturated  solution.  As  we  continue 
to  add  lead  hydroxide  the  following  reaction  becomes  important: 
(3)  [Pb(C2H802)2]8.PbO  +  sPbO  :^  3[Pb(C2H,02)2.2PbO] 
Here  it  requires  five  molecules  of  lead  hydroxide  to  cause  the  disappear- 
ance of  one  molecule  of  the  monoxy-acetate  and  we  should  expect  just 
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what  happens  experiiiieiita(Ily-*«  much  slower  mcrease  of  solubility  of 
the  soUd  phase  with  oofxtinued  addition  of  lead  hydroxide.  Furthermore, 
since  the  dioxy^acetate  is  a  relatively  insoluble  substance  it  must  reach 
its  saturation  after  a  relatively  small  addition  of  kad  hydrcodde.  As 
we  pass  down  the  saturation  curve  BC  of  the  solid  phase  3Pb(CtHsOi)s.- 
PbO  we  gradually  increase  the  concentration  of  the  diozy-aoetate,  namely, 
Pb(C2H80s)s.2PbO,  until  at  the  quadruple  point  C  we  mcrease  it  to  its 
saturation  point  and  it  begins  to  separate.  Further  addition  of  lead  hy- 
droxide converts  the  soluble  monoxy-acetate  into  the  relatively  insoluble 
dioxy-aoetate  which  immediately  precipitates.  Hence  occurs  the  very 
rapid  decrease  of  scrfubiUty  as  shown  by  the  saturation  curve  CD. 

The  convexity  of  the  curve  CI>  may  be  explained  if  we  make  asstunp- 
tions  similar  to  those  made  with  the  curve  AB.  Let  us  start  with  the 
transition  point  D  and  approach  C.  This  can  be  accomplished  by  adding 
neutral  lead  acetate  to  the  saturated  solution  of  the  dibasic  acetate.  The 
reaction  is  then 

(4)  Pb(C,H30,),.2PbO  +  5Pb(C,H,0,)2  Z^  2l(Pb(CH3O2)0s.PbO]. 
The  increase  of  solubility  would,  according  to  oiu-  theory,  depend  upon 
the  disappearance  of  the  dissolved  dioxy-acetate  and  the  appearance  of  the 
very  soluble  monoxy-acetate.  At  first  the  concentration  of  the  monoxy- 
acetate  is  low  and  the  reaction  proceeds  almost  entirely  in  the  sense  of 
the  equation  from  left  to  right.  As  the  concentration  of  monoxy-acetate 
increases  the  former  reaction  is  opposed  by  the  reverse  equation  and  con- 
sequently the  rate  of  increase  of  solubility  diminishes.  Thus  the  con- 
vexity toward  the  solid  phase. 

The  slope  of  the  saturation  cmve  DE  of  lead  hydroxide  possesses  some 
interest.  Upon  adding  lead  acetate  the  following  reaction  occurs: 
(5)  2Pb(OH)2  +  Pb(C2H302)2  :^  Pb(C2H,02)2.2PbO  +  2H2O 
Since,  with  lead  hydroxide  as  the  solid  phase,  we  are  far  from  the  region 
of  stability  of  the  neutral  acetate,  the  latter  cannot  remain  in  considera- 
ble concentration,  and  since  the  hydroxide  itself  has  but  slight  solubility, 
we  should  expect  the  dissolved  substance  to  consist  almost  entirely  of 
the  dioxy-acetate.  In  this  compound  the  weight  ratio  of  lead  acetate 
to  lead  oxide  is  0.73  while  in  the  solution  of  the  curve  DE  it  is  0.64. 
This  indicates  a  slight  excess  of  dissolved  lead  hydroxide  which  apparently 
acquires  an  increased  solubility  in  solutions  of  basic  acetates. 

If  this  latter  conclusion  is  correct,  reaction  (5)  will  continue  in  the  sense 
from  left  to  right  even  after  the  point  D  has  been  passed  and  the  solid 
phase  has  changed  from  the  hydroxide  to  the  dioxy-acetate.  During  the 
initial  stages  of  the  curve  DC  the  addition  of  neutral  acetate  results  only 
in  an  exhaustion  of  this  dissolved  hydroxide  and  makes  no  demands  upon 
the  dioxy-acetate.     Consequently  reaction  (4)  does  not  become  predomi- 
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Bant  until  lead  hydroxide  is  exhausted*    A$  a  result  of  this  we  find  at  the 
upper  end  of  CD  a  slight  but  unmistakable  change  of  curvature. 

In  condusion,  it  is  a  pleastnie  to  adknowledge  the  kind  assistance  ren^ 
dered  by  Dr.  William  Blum,  of  this  Bureau,  who  made  many  valuable 
suggestions  in  regard  to  analytical  procedure,  and  by  Dr.  John  Johnston, 
who  read  the  manuscript  critically. 

Summary. 

1.  The  analysis  of  basic  lead  acetate  was  performed  by  meastuing  the 
volumfe  of  standard  acid  neutralized  by  the  basic  lead  and  the  volume 
of  reagent  required  for  the  complete  precipitation  of  lead. 

2.  The  synthesis  of  the  basic  acetates  was  accomplished  by  the  inter- 
action of  lead  acetate  and  lead  hydroxide.  Some  of  the  accompanying 
phenomena  are  described. 

3.  A  theory  of  the  course  of  the  saturation  curves  is  proposed. 

4.  The  solid  phases  capable  of  existence  are : 

Pb(C2H30i)2.3H20,  t>rilliant  monoclinic  crystals.  It  can  exist  in  equi- 
librium with  acid  and  neutral  solutions  and  with  basic  solutions  contain- 
ing as  much  as  15.9%  lead  oxide.     Its  solubility  in  water  is  35. 50%. 

3Pb(CjH302)2.Pb0.3H20  crystallizes  in  needles.  It  is  exceedingly 
soluble  in  water  and  forms  solutions  of  density  1.93  to  2.28.  The  sub- 
stance is  unstable  in  contact  with  solutions  of  itself.  For  its  existence 
in  equilibrium  with  a  solution  there  must  be  an  excess  of  dissolved  basic 
lead.  The  solutions  contain  at  the  extremes  of  the  saturation  curve 
15 .  89%  PbO,  48 .  95%  Pb(C2H302)2  and  24 .  74%  PbO,  49  •  2 1%  Pb(C2H,02)2. 
Pb(C2HjOt)2.2Pb0.4H20  consists  of  needles  which  may  be  so  small 
as  to  seem  amorphous.  It  is  capable  of  existence  in  equilibrium  with  solu- 
tions of  itself  but  imder  such  conditions  has  a  solubility  of  but  13.3%. 
Its  saturation  curve  possesses  a  very  great  length.  The  extremes  of  solu- 
biUty  are  7.4%  PbO,  4.8%  Pb(C2H,0,)2  and  24.74%  PbO,  49- 21% 
Pb(CH,0,)2. 

Pb(0H}2  is  stable  in  equilibriiun  with  solutions  containing  as  much 
as  7.4%  PbO  and  4.8%  Pb(C2H80«)2. 

BuKSAU  or  Standards, 
Washington,  D.  C. 


on  the  rhythmical  precipitation  of  ferrous  ferri- 
cyanide  and  ferrous  hydroxide  in  jelly. 

By  Hsnrt  Jbkmaxn  Mauds  Crsiohton. 
Received  September  23,  1914. 

When  a  drop  of  silver  nitrate  solution  is  placed  on  a  thin  layer  of  gelatin 
containing  potassium  dichromate,  silver  chromate  precipitates  out  in 
circles  which  are  concentric  to  the  drop  of  silver  nitrate.  Such  precipita- 
tion of  silver  chromate  has  been  investigated  during  the  past  few  years 
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by  Liesegang  and  others.^  Analogous  phenomena  have  been  observed 
by  Liesegang^  with  mercurous  chromate,  lead  chromate  and  Prussian  blue, 
and  by  Morse  and  Pierce'  with  lead  sulfate,  silver  carbonate,  phosphate, 
bromide  and  thiocyanate,  cobalt  hydroxide,  barium  chromate  and  mer- 
curous bromide.  This  phenomenon  of  rhythmical  precipitation  is  ex- 
plained by  Ostwald's  theory  of  supersaturation/ 

Phenomena  similar  to  the  foregoing  have  recently  been  observed  by 
the  writer  with  Tumbull's  blue  and  ferrous  hydroxide. 

The  horizontal  part  of  a  glass  tube  70  cm.  long  and  2  cm.  in  diameter, 
the  ends  of  which  were  bent  up  at  right  angles,  was  filled  with  a  10% 
solution  of  agar-agar  containing  small  quantities  of  potassium  ferricyanide 
and  sodium  chloride.  After  the  jelly  had  solidified,  the  vertical  arms  of 
the  tube  were  filled  with  a  dilute  solution  of  sodiiun  chloride,  and  an  iron 
electrode,  made  from  a  dean  wire  nail,  was  placed  in  the  liquid  in  each 
arm.  An  electric  current  having  a  potential  gradient  of  0.00679  volt 
per  cm.  was  then  passed  through  the  jelly. 

Within  a  short  time  after  the  current  was  started,  the  end  of  the  jelly 
near  the  anode  became  blue,  and  for  four  days  the  blue  color  continued 
to  advance  through  the  jelly.  During  the  following  twenty-four  hours 
there  was  no  perceptible  advance  of  the  color,  but  at  the  end  of  this  time 


Fig.  I. 
a  very  thin  dark  blue  layer  or  disc  was  observed  to  have  formed  in  the 
jelly  at  right  angles  to  the  axis  of  the  tube.    This  blue  disc  gradually 
increased  in  thickness  dining  the  next  few  hours  imtil  it  attained  a  width 
of  I  mm.    This  disc,  which  was  more  intense  in  color  than  the  blue  jelly 

»  R.  E.  Liesegang,  Z.  physik.  Chem.,  23,  365  (1897);  59,  444  (1907);  88,  i  (1914); 
Morse  and  Pierce,  Ibid.,  45,  589  (1903);  Bechhold,  H.,  Ibid.,  52,  185  (1905). 

*  "Chemische  RecUctionen  in  Gallerten,"  Dusseldorf,  1898. 
» Loc.  cit, 

*  "Lchrb.  d.  allgem.  Chemie/'  2  Aufl.,  2,  778. 
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behind  it«  was  separated  from  the  latter  by  3  nun.  of  practically  cobrless 
jelly.  At  the  end  ol  another  twentynfour  hours  a  second  disc  had  formed 
which  was  separated  from  the  first  by  4  nun.  ol  colorless  jelly.  In  this 
experiment  a  new  disc  appeared  every  twenty-four  hours,  the  discs  f<»ining 
in  the  direction  of  the  flow  of  the  dectric  current.  The  time  at  which 
each  disc  appeared,  and  the  distance  between  *each  disc  and  the  preceding 
one  is  shown  in  Table  I. 

Tablb  I. 

TumbuU'*  bine  diact.  Pefrous  hydroxide  dlect. 

Time  of  ftppear-  Distance  between     Time  of  appear-     Diitasce  between 
Number  ance  of  mac.    conaecntiTe  dIact.        ance  of  duct.      conaecntive  diaea. 

of  diac.  Dajra.  Mm.  Daya.  Mm. 

I O  ...  O 

2 I  4.0  I  3 

3 2  4.0  2  5 

4 3  5.0  3  3 

5 4  4,0  4  S 

6 5  3.5  5  4 

7 ...  64 

8 ...  9  6 

9 ...  II  4 

10 ...  14  6 

An  experiment  similar  to  the  foregoing  was  carried  out,  except  that  the 
jelly  contained  small  quantities  of  sodium  chloride  and  phenolphthakin. 
The  ferrous  ions  diffused  into  the  jelly  tmder  the  influence  of  an  electric 
current  having  a  potential  gradient  of  0.0093  volt  per  cm.  The  piiogress 
of  the  hydroxyl  ions  W€is  followed  by  means  of  the  phenolphthalein.  The 
ferrous  and  hydroxyl  ions,  which  were  moving  in  opposite  directions, 
met  at  the  end  of  one  hundred  and  fifteen  days  from  the  beginning  of  the 
experiment,  and  a  dark  green  layer  or  disc  of  ferrous  hydroxide  was  pre- 
cipitated in  the  jelly  at  right  angles  to  the  axis  of  the  tube.  At  the  end 
of  twenty-four  hoiurs,  a  second  disc  was  observed  to  have  formed.  This 
was  separated  from  the  first  by  3  nmi.  of  jelly,  colored  pink  by  the  phenol- 
phthalein. Every  day  or  two  a  new  disc  formed,  each  being  separated 
from  the  preceding  by  several  millimeters  of  pink  jelly.  The  discs  formed 
in  the  opposite  direction  to  the  flow  of  the  electric  current.  The  time  at 
which  each  disc  appeared,  and  the  distance  between  each  and  the  pre- 
ceding one  is  shown  in  Table  I.  Fig.  i  shows  a  photograph  of  the  ferrous 
hydroxide  discs.  The  ferrous  hydroxide  discs  always  commenced  to  form 
at  the  bottom  of  the  tube  and  continued  to  grow  towards  the  top,  always 
sloping  in  the  opposite  direction  to  the  flow  of  the  electric  ciurent.  Some- 
times a  new  disc  started  to  form  before  the  preceding  one  was  completed. 
In  such  cases  the  old  disc  ceased  growing.  The  photograph  shows  several 
of  these  partially  formed  discs. 

The  cause  of  the  rh3rthmical  precipitatioB  of  Ttnmbull's  blue  and  fer- 
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rotis  kydtoxkie  ttmy  doubtless  be  n^ciribed  to  sUpersaturlttton  phenomena. 
As  the  Fe++  icms  are  carried  into  the  jelly  by  the  electric  current,  a  meta- 
stable  supetsaturated  solution  with  respect  to  TumbuH's  blue  first  forms. 
Ultimately  precipitation  occurs  and  the  FeCy^** —  ions  in  ib%  neighborhood 
are  removed ;  the  Pe+'*'  ions  then  advance  a  few  millimeters  and  form  a  new 
supersaturated  solution,  w6en  the  process  is  repeated.  In  the  case  <rf 
ferrous  hydroxide,  the  OH"  ions  form  a  supersaturated  solution  with  the 
Fe++  ions.  After  precipitation  has  taken  place,  the  0H~  ions  must  ad- 
vance a  few  millimeters  before  a  sufficient  number  of  Fe++  ions  are  en- 
coimtered  to  form  a  new  supersatm-ated  solution. 

CRBXICAL  IrABORATORY,  SWARTBMORS  CoLIpKOB. 
SWARTHMORS,  Pa. 


[Contribution  from  thb  Chemistry  Dspartmbnt,  Ohio  Statb  University.] 

THE  SULFATE  METHOD  FOR  STANDARDIZING  A 
MAGNESIUM  SALT  SOLUTION. 

Bt  C.  W.  Poulk  and  O.  R.  Swsbnby. 
Received  September  1 .  1914. 

For  a  nimiber  of  years  one  of  us  has  had  work  in  progress  on  the  pre- 
cipitation of  magnesium  as  magnesium,  ammonium  phosphate,  the  object 
being  to  discorer,  if  possible,  the  causes  of  the  discrepancies  among  the 
results  by  different  methods  and  especially  those  obtained  by  various 
workers  with  the  same  method.  As  the  investigation  progressed  it  seemed 
to  fall  more  and  mort  into  a  study  of  the  preparation  of  pure  material 
and  of  the  art  of  measuring  the  substances  produced,  until  finally  it  nar- 
rowed to  the  question  of  preparing  and  standardizing  a  solution  of  a  mag^* 
nesium  salt. 

This  trend  of  the  work  was  an  evolution  rather  than  a  part  of  the  orig- 
inal program.  At  first  a  large  amount  of  work  was  done  in  the  way  of 
comparing  methods  and  of  course  different  results  were  obtained.  Differ- 
ent results  were  also  obtained  at  times  by  the  use  of  the  same  method. 
These  differences  were  small  and  might  have  been  due  to  impure  reagents, 
improper  handling  or  finally  to  lack  of  knowledge  as  to  the  exact  concen- 
tration of  the  solution  of  magnesium  salt  used.  As  the  subject  was  taken 
up  by  successive  advanced  students  whose  interest  prompted  them  to 
undertake  a  share  in  the  experimental  work,  new  sources  of  error  were 
found  and  studied.  When  these  corrections  were  applied,  they  some- 
times had  the  effect  of  reducing  or  eliminating  the  discrepancies  in  the  re- 
sults of  the  magnesium-ammonium-phosphate  precipitations  and  sometimes 
they  had  the  effect  of  making  these  discrepancies  larger.  The  notes  on 
the  earlier  part  of  this  work  were  destroyed  by  the  burning  of  the  Chem- 
ical Building  at  the  Ohio  State  University  in  1904.  A  summary  of  the 
rest  will  be  presented  in  a  separate  paper. 
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The  lack  of  agreement  in  our  results  could,  of  courte,  be  due  to  one, 
or  to  a  combination  of  several  causes,  but  the  question  of  our  knowledge 
of  the  content  of  the  magnesium  salt  solution  used  seemed  to  be  the 
most  fundamental.  Unless  we  could  be  absolutely  sure  of  that,  within 
our  experimental  errors,  looking  for  other  causes  seemed  a  doubtful  quest. 

In  the  previous  work  the  general  plan  had  been  to  prepare  pure  mag* 
nesium  chloride  and  then  to  standardize  the  solutions  made  from  this 
pure  chloride  by  treating  a  measured  portion  with  a  slight  excess  of.  sul- 
furic acid,  evaporating  and  igniting  the  residue  under  carefully  regulated 
conditions.  This  method  appears  to  have  the  best  standing  in  the  Utera- 
ture,  though  it  is  not  imiversally  accepted.^ 

It  gave  beautifully  concordant  results,  it  is  true,  but  that  meant  only 
that  it  might  be  right.  Other  methods  also  gave  concordant  results, 
but  they  differed  from  the  MgS04  values.  Which  was  right,  was  the  ques- 
tion wk  wanted  answered  and  our  preliminary  problem  was  to  find  a  way 
to  do  it.  It  is  not  easy  to  test  a  method  of  measurement  unless  a  more 
accurate  method  is  at  hand  and  it  at  once  became  evident  that  we  must 
look  beyond  the  range  of  the  usual  anal3rtical  procedures  to  find  such  a 
method  for  the  magnesium  salt  solutions. 

In  the  preparation  of  the  pure  magnesium  chloride,  methods  that  had 
been  used  by  atomic  weight  workers  had  been  adapted,  that  is, 'we  used 
the  same  piuification  processes  but  did  not  carry  them  quite  so  far.  For 
example,  recrystallixations  were  made  only  three  or  four  times  instead 
of  nine  or  ten  times.  It  seemed  worth  while,  then,  to  see  if  more  of  the 
methods  of  atomic  weight  determinations  might  not  be  adapted  to  a  prob- 
lem of  this  sort.  * 

Richards  and  Parker,*  in  the  determination  of  the  atomic  weight  of 
magnesitun,  had  used  anhydrous  magnesium  chloride  as  the  starting 
point.  This  was  sufficient  to  give  that  substance  ample  standing  as  an 
ultimate  magnesium  material  if  only  the  experimental  difliculties  of 
handling  it  could  be  overcome.  It  had  the  further  advantage  of  being 
the  very  salt  of  which  our  standard  solutions  were  composed,  so  that  if 
we  succeeded  in  preparing  the  chloride  and  in  quantitatively  transforming 
it  into  the  sulfate  it  would  be  at  least  strong  evidence  of  the  correctness 
of  the  sulfate  method  of  standardization.  Accordingly,  this  was  the  plan 
of  work  finally  adopted,  the  details  of  which  will  now  be  given. 
Preparation  of  Material. 

Distilled  Water. — ^The  distilled  water  of  the  Ohio  laboratory  is  prepared 

by  boiling  the  ordinary  tap  water  by  means  of  a  steam  coil  and  condensing 

the  steam  thus  formed  in  block  tin,  the  water  then  being  stored  in  a  tinned 

copper  tank.    The  original  tap  water  is  softened  by  the  city  water  works 

»  Bube,  Z.  anal.  Chem.,  49,  535  (1910). 

*Z.  anofi.  Chem.,  13^  ^i  (i897)- 
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with  lime  and  soda  ash  and  is  then  filtered  through  mechanical  filters. 
This  furnishes  a  high  grade  tap  water  containing  littk  organic  matter 
and  carbon  dioxide.  Hie  water  used  in  this  investigation  was  made  by 
redistilling  the  ordinary  distilled  water  from  a  Jena  glass  fla^  after  the 
addition  of  a  little  sulfuric  add  and  of  potassium  permanganate.  The 
condenser  was  block  tin,  a  wad  of  glass  wool  being  used  to  prevent  the 
carrying  over  of  spray  from  the  boiling.  Only  the  middle  portions  of  the 
water  were  collected.  It  was  received  and  stored  in  "Resistenz"  glass 
bottles  which  had  been  steamed  out. 

Hydrochloric  Acid. — ^This  was  prepared  by  dropping  c.  p.  sulfuric  add 
into  c.  p.  hydrochloric  acid  solution,  sp.  gr.  i .  20,  and  recdving  the  evolved 
HCl  in  distilled  water  in  a  platinum  dish  which  was  set  in  a  large  glass 
vessel  covered  by  a  glass  lid,  provided  with  a  tubulure  for  admitting  the 
tube  carrying  the  HCl  gas.  The  evolution  flask  was  arranged  with  a 
two-holed  parafl&n-soaked  cork  carr3ring  a  separatory  funnel  and  thelegress 
tube.    No  heat  was  applied, 

Ammonium  Hydroxide. — ^The  so-called  c.  p.  ammonium  hydroxide 
solution  (0.90  sp.  gr.)  was  heated  in  a  Jena  flask  and  the  NH«  conducted 
through  a  Jena,  glass  tube  into  water  contained  in  a  platinum  dish  which 

was  protected  from  dust  as  de- 
scribed under  the  preparation  of 
hydrochloric  add.  A  rubber 
stopper  was  used. 

Ammonium  Chloride, — Various 
attempts  to  purify  ammonium 
chloride  by  sublimation  proved 
unsuccessful  and  finally  the 
scheme  illustrated  in  Fig.  i  was 
used.  Hydrochloric  add  gas, 
generated  in  A,  and  NH<  from  B 
were  passed  into  water  in  the 
platinum  dish  C  till  NH4CI  be- 
gan to  crystallize  out.  The 
saturated  solution  was  then  anal- 
yzed, and  the  volume  required 
in  the  preparation  of  the  double 
chloride  of  ammonium  and  mag- 
nesium was  calculated.  This 
preparation  left  no  residue  on 
ignition. 

Carbon  Dioxide. — ^This  was 
generated  in  a  Kipp  apparatus 
by  the  action  of  c  P«  hydroddoric 


Pig.   I. 
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add  on  marble.    It  was  washed  by  passing  it  through  KMn04  solutioiii  • 
water  and  sulfuric  acid. 

General  Precautions  and  Tests  of  Purity. — ^All  glass  ware  used  was  either 
of  the  Jena  or  Resistenz  brand,  and  in  all  cases  the  vessels  were  steamed 
for  an  hour  before  using.  In  order  to  keep  out  dust»  the  reactions,  if  possi- 
ble, were  made  to  take  place  in  covered  vessels  provided  with  tubulures 
for  admitting  the  reagents.  When  this  could  not  be  managed,  the  sub- 
stances were  protected  by  dust  shields  or  by  watch  glasses.  Where  the 
details  of  the  method  are  not  given  below,  it  can  be  assumed  that  due 
precautions  were  taken.    Ignitions  were  made  with  an  alcohol  lamp. 

The  diflferent  salts,  acids,  ammonia  and  water  used  were  all  tested  with 
the  spectroscope  and  if  a  sodium  line  showed  they  were  rejected.  Since 
•all  the  materials  originally  contained  a  little  sodium  it  was  assumed 
that  the  purification  had  been  carried  far  enough  for  our  purposes  when 
the  sodiiun  was  eliminated. 

Magnesium  Salt. — ^The  contents  of  an  unopened  bottle  of  c.  p.  MgCU-- 
<6HjO,  containing  600  g.  of  the  salt,  were  dissolved  in  500  cc.  of  redistilled 
water.  Apparently  this  was  an  imusually  good  specimen  of  the  salt. 
Treatment  with  HjS  and  a  little  NH4OH  produced  no  precipitate  and  also 
no  test  for  calcium  could  be  found  with  (NH4)2C204.  Duplicate  tests 
were  made  on  portions  of  the  solution  to  which  very  small  quantities  of 
the  heavy  metals  and  of  calcium  had  been  added  and  these  portions  at 
once  gave  positive  tests  with  US  and  with  (NH4)2C204.  The  spectro- 
scope, however,  showed  the  presence  of  sodium.  To  effect  the  separa- 
tion from  this  metal,  precipitation  of  the  magnesiiun  as  the  double  car- 
bonate of  magnesium  and  ammonium  was  employed.^ 

A  number  of  experiments  were  first  made  to  determine  the  best  condi- 
tions for  precipitation  and  finally  the  following  was  adopted:  About  25 
cc.  of  the  concentrated  magnesium  chloride  solution  were  placed  in  the 
platiniun  dish  A,  Fig.  2,  and  diluted  till  the  dish  was  nearly  full.  Am- 
monia i5roduced  in  the  still  B,  and  carbon  dioxide,  made  and  washed 
as  described  above,  were  now  led  into  the  solution  as  shown  in  the  figure. 
Cold  water  was  kept  circulating  around  the  dish  by  means  of  the  tubes 
shown  at  H.  Both  the  NHa  and  CO2  were  passed  into  the  solution  for 
two  hours  when  the  NHj  was  stopped  and  the  current  of  CO2  allowed 
to  continue  for  twenty  minutes  more.  This  caused  the  precipitate  to 
take  on  a  crystalline  form,  that  made  it  easy  to  handle.  The  dish  was 
finally  removed  from  its  container  and  the  salt  washed  40  to  50  times  by 
decantation.  The  precipitate  was  then  transferred  to  a  platinum  funnel, 
containing  a  finely  perforated  platinum  cone,  on  which  it  was  washed 
for  about  four  hours,  after  whidh  it  was  transferred  to  a  platinum  dish, 
covered  with  a  watch  glass,  and  heated  in  a  hot  air  oven  till  no  more  odor 
^  Bray,  Tms  Journal,  31,  6(i  (1909}. 
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of  anii»ionifl.  could  be  noted.    The  salt  so  obtained  w«8  labeled  Prepara* 
tion  I. 

The  spectroscope  showed  no  sodium,  and  quantitative  tests  for  calcium 
and  platinnm  gave  negative  results.  Hiis  procedure  of  treating  25  cc» 
portions  of  the  original  magnesium  chloride  solution  was  repeated  until 
a  sufficient  amount  of  Preparation  I  was  obtained. 

Preparation  II  was  next  made  by  dissolving  portions  of  No.  I  in  HCl^ 
in  the  large  platinum  dish  in  the  apparatus  used  before,  and  precipitating 
and  washing  as  described  above  for  Preparation  I.  This  salt  was  also 
tested  spectroscopically  and  showed  no  sodium. 

Double  Chloride  of  Ammonium  and  Magnesium, — ^A  suitable  amotmt 
of  Preparation  II  was  placed  in  a  large  platinum  dish,  covered  with  water 

and  hydrochloric  add 
gas  passed  in  till  the 
salt  was  dissolved. 
Ammonium  chloride 
in  slight  excess  of  the 
amount  to  make 
MgCl-NH4Cl  wasthen 
added.  (The  approxi- 
mate amotmt  of  mag- 
nesium  in  Preparation 
II  had  been  deter- 
mined.) The  mixture 
in  the  dish  was  evap- 
orated just  to  dryness 
over  an  alcohol  lamp, 
after  which  the  result- 
ing mass  was  dissolved 
in  water  and  ^crystal- 
lized. The  first  crop 
of  crystals  was  again 
dissolved  and  recrys- 
tallized.  The  product 
so  obtained  was  pre- 
served and  maiiced 
Preparation  III.  All  reagents  used  in  preparing  it  were  the  pure  ones 
described  above  and  all  the  operations  were  carried  out  in  platinum.  The 
greatest  precautions  against  dust  were  also  observed. 

A  number  of  portions  were  discarded,  because,  during  the  evaporations^ 
a  scum  gathered  on  the  surface  of  the  solution.  The  nature  of  this  scum 
was  not  learned,  further  than  that  it  was  completely  volatile. 


Fig.  2. 
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Jkiipamtiis  foe  the.  Prepamtioa  of  ^nliyfU^ous  MagoMium  Cblori4?  ami 
its  Coaveiskui  iato  Magneshun  Sulfate. 
Magnesium  atmnonium  ddoride,  wlien  heated  in  a  ctarent  of  dry  hydros 
<±loric  add  gas,  loses  water  and  aoEimonhim  chloride  and  leavts  a  residue 
of  magnesium  chloride  which  can  be  fused  in  order  to  free  it  from  the 
kist  traces  of  volatile  matter.  The  anhydrous  magnesium  chloride  is, 
however,  so  hygroscopic  that  it  mui^,  at  all  times,  be  protected  from  the 
least  trace  of  moisture.  Richards  and  Parker,^  in  their  determination 
of  the  ratio  2Ag  :  MgCla,  used  the  well-known  Richards  apparatus,  which 
permitted  the  bottling  of  the  boat  containing  the  magaesitmi  chloride 
before  it  was  exposed  to  the  air  of  the  laboratory.  Sudi  an  apparatus 
with  its  specially  groimd  glass  connections  was,  however,  not  available 
i<x  us  and  we  therefore  were  obliged  to  find  a  substitute,  the  details  of 
i^hich  can  be  seen  from  Fig.  3.    It  is  perhaps  needless  to  say  that  this 
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Fig.  3. 

apparatus,  crude  as  it  may  be,  was  the  result  of  much  experimenting  be- 
fore a  workable  combination  was  obtained.     Its  operation  was  as  follows: 

The  hoUowi  ground-glass  stopper  G  was  removed  and  the  platinum 
boat  containing  a  portion  of  the  double  chloride  was  pushed  into  place  in 
the  combustion  tube  A,  which  was  supported  in  a  long  combustion  fur- 
nace. The  weighing  bottle  D  and  its  stof^per  £  were  next  put  into 
the  bottling  chamber  C,  which  was  then  closed  by  the  stopper  G. 
Dry  HCl  was  next  passed  into  the  apparatus  through  the  tube  sealed  into 
the  stopper  G,  the  combustion  tube  was  heated  to  the  requisite  tempera- 
ture, the  HCl  was  displaced  by  dry  air  and  when  the  whc^  had  cooled 
•down  to  the  temperattu-e  of  the  laboratory,  the  boat  was  pushed  back 
into  the  weighing  bottle  by  means  of  a  long  glass  rod  operated  from  the 
other  end  of  the  combustion  tube.  The  stopper  was  likewise  pushed 
into  the  weighing  bottle,  after  which  the  bottling  chamber  was  opened 
by  removing  G  and  the  weighing  bottle  taken  out  to  the  balance. 

In  the  construction  of  this  £^>paratus  the  difficulty  that  seemed  hard- 
iest to  overcome  was  the  matter  of  the  coimection  between  the  combus- 
tion tube  and  the  bottling  chamber.  In  the  Richards  apparatus,  whi<^ 
^WBS  our  model,  this  was  effected  by  a  ground^glass  joint.  It  served  the 
^Loccii. 
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two  necessary  ptirposes  of  giving  a  tight  connection  and  yet  making 
disconnecting  easy  for  inserting  the  weighing  bottle.  We  had,  however^ 
no  means  for  grinding  such  joints  and  therefore  had  to  meet  the  situation 
in  some  other  way.  Experiments  showed  that  dry  HCl  acted  upon  rub- 
ber stoppers,  but  appeared  to  have  no  effect  upon  paraffin.  A  paxaffined 
cork  therefore  suggested  itself.  The  two  important  objections,  the  low 
melting  point  of  paraffin  and  the  nuisance  of  melting  in  the  joint  for  each 
determination,  were  overcome  (i),  by  using  a  very  long  combustion 
tube  so  that  the  joint  did  not  come  near  the  furnace,  and  (2),  by  having 
the  opening  into  the  bottling  chamber  at  the  other  end. 

This  permitted  the  use  of  any  suitable  piece  of  stock  apparatus  already 
provided  with  a  ground  stopper  carrying  a  sealed-in  tube  for  connection 
with  the  HCl  generator  and  air  supply.  Such  a  stock  piece  was  found 
in  the  ordinary  gas  washing  bottle.  One  about  24  cm.  long  and  6  cm. 
in  diameter  was  taken,  the  bottom  was  cut  off  for  the  insertion  of  the  cork 
with  the  combustion  tube  and  one  of  the  tubes  through  the  stopper  was 
closed,  the  other  serving  for  the  connection  with  the  drying  train.  This 
made  an  excellent  bottling  chamber  and  permitted  a  permanent  connec- 
tion with  the  combustion  tube.  This  was  accomplished  by  using  a  cylin- 
drical cork  F,  so  that  it  could  be  inserted  its  full  length  into  the  bottling 
chamber.  This  cork,  after  being  bored,  was  dipped  into  melted  paraffin, 
the  combustion  tube  was  then  inserted  and  the  cork  pushed  into  place. 
The  apparatus  was  then  supported  in  an  upright  position  and  melted 
paraffin  was  poured  through  a  funnel  onto  the  cork  till  a  thick  layer  was 
produced,  the  end  of  the  combustion  tube  being  left  almost  flush  to  avoid 
the  pocketing  of  gas  behind  it.  This  gave  a  strong  joint  that  withstood 
perfectly  the  handling  it  received.  Owing  to  the  length  of  the  combus- 
tion tube  and  protection  shields  of  asbestos  board,  not  the  least  softening 
occurred.  It  was  not  called  upon  to  withstand  pressure  and  consequently 
remained  tight.  The  most  careful  watching  failed  to  show  any  action 
of  the  HCl  gas  upon  the  paraffin  or  any  penetration  of  the  gas  to  the  cork 
under  the  paraffiji. 

The  handling  of  the  stopper  of  the  weighing  bottle  was  facilitated  by 
the  construction  of  a  trough  from  two  narrow  glass  plates  in  the  bottom 
of  the  bottling  chamber,  a  cross-section  of  which  is  shown  at  H.  The 
cork  F  had  an  eccentric  boring  so  that  the  end  of  the  combustion  tube 
came  opposite  the  opening  of  the  weighing  bottle  as  it  lay  in  the  trough. 
The  bottling  chamber  was  long  enough  so  that,  after  the  boat  had  been 
pushed  into  the  weighing  bottle  by  means  of  a  long  rod  inserted  from  the 
other  end,  the  bottle  itself  could  be  pushed  back  a  little  to  allow  the  stop- 
per previously  placed  on  it  to  fall  down  in  front  of  the  mouth,  from  whicfa 
position  it  was  easily  pushed  into  place  and  could  be  tightened  by  light 
blows  with  the  end  of  the  rod. 
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The  apparatus  far  generating  and  drying  the  HCl  gas  and  fpr  drying 
the  air  is  illustrated  in  Fig.  4.  A».A,  A,  A  are  gas  washing  bottles..  These 
were  half  filled  with  concentrated  sulfuric  add.    The  bottle  B   was  of 


'immSf 


Fig.  4. 

the  same  size  and  design.  The  large  tube  C  and  the  two-way.  cock  (D 
and  tube  E  were  sealed  to  the  tubes  through  the  stopper.  Hydrochloric 
acid  gas  was  generated  by  dropping  concentrated  sulfuric  acid  from 
the  buret  C  into  concentrated  hydrochloric  acid  solution  in  B. 

On  first  trying  this  apparatus  it  was  found  that  the  back  pressure 
was  so  strong  that  the  HCl  gas  was  f<»x:ed  up  through     ^  j^ 

the  column  of  H^SOi  in  the  buret.  To  prevent  this,  the 
arrangement  of  T-tubes  and  rubber  tubing,  as  shown  in 
the  drawing,  was  put  on.  This  was  connected  to  the  air  - 
supply  of  the  laboratory,  the  presstue  of  which,  for  our 
purposes,  was  regulated  by  inserting  a  T-tube  dipping 
into  a  mercury  well  as  shown  in  Fig.  5.  The  supply  of 
air  was  kept  at  such  a  point  that  a  slow  stream  of  bub- 
bles constantly  escaped  through  the  mercury.  By  closing 
F  and  setting  the  two-way  cock  D  so  that  an  opening  from 
B  to  A  was  provided,  and  leaving  Q  open,  an  air  pressure 

of  any  desired  amount,  as  controlled  by  the  regulator       

above,  could  be  maintained  over  the  acid  in  C.     When         Fig.  5. 
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the  Stream  oi  hydrodiloiic  add  was  to  be  replaced  by  air,  the  two-way 
cock  was  ttimed  so  as  to  cUsconnect  B  and  connect  the  tube  E  with  the 
tube  I.  By  dosing  G  and  opening  H  a  current  of  air  could  be  sent 
through  the  washing  bottles.  By  opening  F  any  HCl  gas  still  coming 
from  B  could  escape  through  C  to  the  drain. 

The  washing  bottles  themselves  were  connected  by  joints  made  from 

Kotinsky's  cement,  as  shown  in  Pig.  6.    A  and  B  are  the  glass  outlet 

o  and  inlet  tubes,  respec- 

,„    ''''''''''^'T^  »      »  lively,  of  two  bottles.    C 

.j^ __y,^        —  .^  ^  short  piece  of  glass 

tubing,  large  ^loug^  to 
The  space  between  was  filled  with  the 
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Fig.  6. 


dip  loosely  over  the  other  two. 
Kotinsky  cement.^    This  arrangement  made  a  very  strong  and  satisfac- 
tory joint. , 

The  suction  and  absorption  flask  illustrated  in  Fig.  7  was  emplc^ed 
for  disposing  of  the  fumes  from  th^  treatment  of  the  double  chloride 
and  it  also  served,  it  is  believed,  to  prevent  a  bade  current  of  laboratory 
air  into  the  main  apparatus.^, 
The  tube  A  fitted  k)osely  over 
the  end  of  the  combustion  tube, 
so  that  when  suction  was  applied 
at  B  a  steady  current  of  air 
flowed  through  the  space  between 
the  two  tubes  carrying  the  am- 
monium chloride  and  hydro- 
chloric add  into  the  sodium  hy- 
droxide solution.  This  arrange- 
ment was  prefenred  to  a  direct 
connection  with  the  combt^tion 
tabe,  because  it  did  not  produce  Fig.  7. 

reduced  pressure  in  the  appaiBtus  with  consequent  danger  of  inoist  air 
leaking  in  and  because  it  was  easily  handled  and  did  not  dog  with  sc^d 
ammonium  chloride.  As  a  final  point  in  the  construction  of  the  apparatus 
it  should  be  mentioned  that  the  ground-glass  joint  of  the  bottling  chamber 
and  the  two  glass  cocks  on  the  HCl  generator  were  lubricated  with  syrupy 
phosphoric  add. 

Weights  and  Balance, — ^The  weights  used  were  gold  plated^  from  Sar- 
torius.  They  had  been  calibrated  by  the  Bureau  of  Standsu-ds  and  were 
marked  N-5543.  The  balance  was  a  long  arm  Troemner.  Dishes  of 
sulfuric  acid  were  kept  inside  the  case. 

Method   of    Weighing, — ^All  weighings  were  made  by  the  method  of 
tares.    The  magnesium  chloride  and  the  magnesium  sulfate,  excepting 
*  This  Journal.  30,  13  (1908). 
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where  the  crucible  method  (see  below)  was  used,  were  in  a  platinum 
boat  which  was  contained  in  a  glass-stoppered  weighing  bottle.  Another 
bottle  of  similar  size  and  shape  was  tared  against  this  one  in  such  a  way 
that  it  was  a  trifle  lighter  than  the  first  one  phis  the  empty  platinum 
boat. 

In  the  crucible  method  for  the  conversion  of  the  chloride  into  the  sul- 
fate the  same  method  of  weighing  was  used.  The  crucible  containing  the 
sulfate  was  put  into  a  short,  wide-mouthed  ^yeighing  bottie,  which  wa^ 
counterpoised  by  another  one  of  the  same  size  and  shape  canying  an 
empty  crucible. 

In  all  cases  after  removing  the  weighing  bottle  from  the  con^ustion 
appairatus  it  was  placed,  tc^ther  with  its  tare,  in  a  desiccator  over  sul- 
furic add  and  left  for  several  hours.  On  beis^  tak^  ot^t  for  we^hing, 
the  glass  pieces  were  wiped. with  a  dry  cloth  and  left  <^n  the  balance  for 
abotti  an  hour.  When  the  empty  boaiMrar  weighed,  it  was  first  heated 
to  glowing  and  placed  at  the  9ide.o£  its  waigRTrig  TiofflFTn  the  A^sirraJ-pr 
to  coc4.  When  cool  the  desiccator-  was  openpHy  the  boat  put  into  -the 
bottle  and  the  stopper  inserted.  This  operation  required  only  a  few 
seconds.  A  similar  procedure  was  employed  in  obtaining  the  weight  of 
the  empty  crucUrie  fgr  the  sulfate  method, 

Ti^ImI  Op«r^oi|8. 

(r)  Conversiofi  of  the  Double  Chloride  into  Anhydrous  Chloride. — ^The 
platmum  t>bat,  previously  wieighed,  was  filled  with  Preparation  III  and 
placed  in  the  combustion  tube  about  three-fourths  c^  the  length  ot  the 
tube  distant  from  the  bottling  chamber.  The  weig^iing  tube  with  its 
stopper  was  next  placed  in  positicm  in  the  bottling  chamber  which  was 
then  dosed.  The  absorption  apparatus  at  the  other  end  of  the  tube 
was  ilow  put  into  place  and  the  suction  started.  A  current  of  dry  HCl 
was  passed  through  the  apparatus  and  continued  till  all  the  air  wa3  dis- 
placed, when  two  low  flames  were  started  at  a  distance  from  the  boat 
so  that  the  current  of  HCl  was  warmed.  This  was  continued  until  the 
water  was  driven  out  of  the  salt,  a  point  easily  recognized  by  experience. 
More  burners  were  then  lighted  in  such. a  series  that  the  heat  was  very 
gradu^y  increased.  When  the  ammonium  chloride  was  all  expeUed, 
burners  were  lighted  along  the  full  length  of  the  tube  so  as  to  obtain 
the  maximum  temperature  around  the  boat  for  the  purpose  of  fusing 
the  MgClf.  Occasionally  an  extra  Bunsen  burner  was  necessary  to 
accomplish  this.  The  chloride  was  kept  in  a  molten  state  for  about  ten 
minutes,  after  which  it  was  gradually  cooled  by  turning  ofif  a  few  burners 
at  a  time.  When  cool,  the  current  of  HCl  was  replaced  by  one  of  dry 
air,  whidi  was  continued  till  all  of  the  HCl  was  driven  out.  The  absorp- 
tion apparatus  was  th^i  removed  ^d  the  boat  pushed  back  into  the  weigh- 
ing tube  by  means  of  a  long  rod.    The  stopper  was  next  pushed  into  place 
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tod  tapped  fast.  The  current  of  air  was  then  shut  oflf  and  the  bottling 
chamber  opened  for  removing  the  weighing  tube. 

(2)'  Conversion  oj  the  Chloride  into  the  Sulfate, — ^Two  methods  were  Em- 
ployed which  may  be  designated  as  (a),  the  boat  method,  and  (ft),  the 
crucible  method. 

'(a)  The  Boat  Method, — ^The  anhydrous  magnesium  chloride  in  the  boat 
Iwis  covered  with  dilute  sulfimc  acid  containing  o.  16  g.  HjSO*  per  cubic 
centimeter.  The  excess  of  water  was  evaporated  on  a  steam  plate — a 
dsist  iron  box  through  which  live  steam  circulated — in  an  apparatus  as 
shown  in  Fig.  8. 

'  The' boat  B  was  f^ced  in  a  large  glass  tube  A  which  was  Icud  on 
the  steam  box  C.  A  current  of  air,'  washed  with  sulfuric  acid  and  fil- 
tered through  a  wad  of  glass  wool,  was  passed  through  the  tube  A  to 
^        '  /7  hasten   the  Evaporation  aad 

also  to  protect  the  contents  of 


J     ^"N  1  i         ■ ,1 

•*'    •• ^    ^        ■        ■  •'      '  ■    Ithfe  bulk  of  the  water  had 

^ ^^^'  ^' be«n  temoved  in  this  way  tht 

boat  was  placed  in  the  combustion  apparatus,  the  excess  of  HsSO^  driven 
off  and  the  resulting  MgS04  ignited  to  constant  weight  at  a  low  Ptd  heat. 
It  was  then  bottled  and  weighed  «St  "dekritlttl  above  for  MgCls. 
'  Trouble  was  at  first  experienced  during  the  evaporation  (A  the  dilute 
add  by  a  tendency  of  the  magnesium  sulfiate  to  creep  pver  the  sides  of 
tiie  boat.  This  was  remedied  by  smearing  the  ed^es  with  a  trace  of  vase- 
line.   Blanks  were  run  to  prove  that  no  residue  was  left  by  the  vaselincu 

(b)  The  Crucible  Method, — ^This  consisted  in  dissolving  the  chloride  aad 
transferring  it  to  a  platinum  crucible  before  transforming  it  into  the  sul* 
fate.  The  method  was  used  merely  because  it  more  nearly  reseinbled 
the  conditions  that  would  obtain  in  the  actual  standardization  of  a  mag* 
nesium  chloride  solution.  By  way  of  preparation  for  this  method,  the  end 
of  the  combustion  tube  was  raised  slightly  while  the  chloride  was  in  a 
molten  state,  thus  causing  it  to  collect  in  one  end  of  the  boat,  where  it  was 
allowed  to  solidify.  Melted  magnesium  chloride  does  not  wet  pkitittum; 
consequently,  this  operation  was  very  successful.  The  transfer  to  the 
cmcible  was  made  by  putting  the  end  of  the  boat  containing  the  chloride 
into  the  crucible,  where  it  was  covered  with  a  little  dilute  sulfuric  add. 
After  solution  was  complete  the  boat  was  rinsed  off,  dried  and  examined 
for  traces  of  salt  that  might  remain.  This  manipulation  seems  more 
difficult  than  it  really  was,  for  it  was  possible  to  remove  all  the  chloride 
from  the  boat  without  filling  the  30  cc.  crudbk  more  than  half  fuU. 

The  excess  of  water  was  driven  off  by  heating  on  the  steam  box  under 
the  protection  of  an  inverted  funnel,  the  bell  of  which  had  upturned  edges 
for  collecting  the  condensation.    A  current  of  air,  filtered  and  washed 
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as  described  abovei  was  passed  through  the  {mmel  during  the  ^vapara- 
tioik  The:  excess  of  acdd  was  driven  off  by  heatiag  in  a  siQall  porcelaia 
dijriog  ov^en.  The  final  ignition  of  the  sulfate  was  made  by  setting  the 
cnidUe  on  a  small  ptetinum  triangle  in  a  larger  crucible  also  of  platinum.. 
The  outer  crucible  was  heated  so  that  the  temperature  between  the  tifo, 
was  700^,  as  measured  by  a  Hoskiu's  pyrometer.  The  crucible  contain- 
ing the  sulfate  was  coolled  in  a  desiccator  over  sulfuric  acid  and  when  cool 
was  set  into  a  wide<mouthed  weighing  bottle  closed  with  a  ground-glass 
stopper.  Ignitions  were  al^irays  made  to  constant  weight  and  on  two  oc- 
(^ions  the  treatment  with  sulfuric  acid  was  repeated. 

Two  QX  three  complete  operations  were  at  first  carried  through  to  be- 
come familiar  with  the  manipulation  and  then  the  following,  using  Prepara- 
tion III,  were  made :  The  calculated  values  in  Column  3  were  obtained 
by  multiplying  the  weights  in  Column  i  by  1.26407.  In  deriving  this 
factor  the  atomic  weights  in  the  19 14  table  were  used.  Weighings  were 
not  corrected  to  vacuum  suioe  the  difference  in  the  specific  gravities  of 
tb^  twosulDstance^-r-MgClt  2.x8,  and  MgjSOi  2,.667-is  so  small  that 
the  error  introduced  by  disregarding  it  is  negligible  in  comparison  with 
the  errors  as  given  in  Column  4.  The  letters  b  and  c  in  Column  i  indi- 
cate the  boat  method  and  crucible  method  of  transforming  the  chloride 
into  the  sulfate. 

MfCls  takes.  MfSOi  obt.  MgS04  cal.  Error. 

0.75306  0.9520  0.9518  -1-0.0002 

0.13746  o.t733  0.1737  —0.0004 

0.4027  c  0.5094  0.5090  -f-0.0004 

0.5312  <r      •  0.6714  0,67x5  — :0.oooi 

0.6957  *  0.8794  0.8794     .  0.0000. 

0.5457  c  0.6900  0.6898  -f  0.0002 

In  all,  3 .0657  g.  of  MgClt  were  transformed  into  MgSOii  giving  3 .8755  g. 
The  calculated  amount  is  3.S753  g. 

Diacuaaion. 

Of  the  six  experiments  carried  through,  four  gave  good  results  and  two, 
the  second  and  third,  have  rather  large  errors.  We  have  no  explanation 
to  offer  for  these,  since  there  was  nothing  observed  in  their  carrying  out 
to  suggest  that  they  were  different  from  the  others.  It  is  to  be  noted  that 
one  is  by  the  boat  method  and  one  by  the  crucible  method  and  that  one 
carries  a  minus  and  one  a  plus  error.  Indeed  the  phis  and  minus  errors 
are  so  distributed  in  the  whole  series  that  they  may  fairly  be  ascribed 
to  manipulation  rather  than  to  impure  materials  or  to  some  inherent 
source  of  trouble  in  the  nature  of  the  reaction. 

We  regret  greatly  that  time  did  not  permit  carrying  through  at  least 
twice  as  many  experiments  but,  as  it  is,  we  believe  that  the  results  add 
materially  to  the  evidence  in  favor  of  the  correctness  of  the  sulfate  method 
for  standardizing  a  magnesium  salt  solution. 
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After  all,  though,  if  work  of  this  type  has  any  -value  it  is  not  so  likely 
to  lie  in  the  actual  results  obt^ned  by  the  first  attempt  as  in  the  genttat 
suggestion  it  offers  for  such  studies  of  the  more  important  analytioal  re* 
actions.  It  is  at  any  rate  title  intention  in  this  laboratory  to  cany  out 
other  investigations  of  a  similar  kind. 

Summary. 

In  this  article  there  has  been  described : 

1.  The  preparation  of  pure  magnesium  salt  for  use  as  a  standard  in 
analytical  work. 

2.  An  easily  constructed  piece  of  apparatus  by  which  material  can  be 
heated  in  a  combustion  tube  and  transferred  to  a  weighing  bottle  with- 
out exposure  to  the  air. 

3.  A  set  of  experiments  in  which  anhydrous  magnesium  chloride  was 
transformed  into  magnesium  sulfate. 

Coi.x;iiBus.  O. 


BEHAVIOR  OF  AMMOITIUM  PHOSPHOMOLYBDATE  WITH  AM- 
MONIUM HYDROXIDE. 

Bv   PULIN  BZHAKT  SutCAK. 

Received  September  15.  1914. 

In  the  Woy^  method  of  estimation  of  phosphates,  the  phosphoric  add 
is  first  precipitated  as  ammonium  phosphomolybdate,  which  is  then  dis- 
solved in  ammonia  and  repredpitated  by  magnesia  mixture.  Evidently, 
in  solution,  free  phosphate  ions  exist. 

Gibbs'  has  made  a  thorough  investigation  of  these  reactions  and  he  has 
sho¥m  that  the  ammonium  phosphomolybdate  dissolves  in  ammonia 
and  on  allowing  the  ammoniacal  solution  to  stand,  glistening  needles  or 
prisms,  having  the  composition  2(NH4)tP04.sMoO|.7HjO  separate  out. 
The  present  investigation  was  undertaken  for  a  tiMtr  study  of  the  sol- 
ubility of  ammonium  phosphomolybdate  in  ammonium  hydroxide.  A 
pure  sample  of  ammonium  phosphomolybdate  was  prepared  by  predpi- 
tating  a  solution  of  sodium-hydrogen  phosphate  with  ammonium  molyih 
date.  The  predpitate  was  then  washed  free  from  mother  liquor  and 
dried.  The  dry  yellow  powder  was  placed  in  a  beaker  and  an  excess  of 
strong  solution  of  ammonia  was  added  to  it  and  stirred;  a  white  crystalline 
salt  was  at  once  thrown  down  with  evolution  of  heat. 

This  white  substance  was  immediately  dried  by  pressing  between  the 
folds  of  bibulous  dryix^  paper  and  analysed.  The  substance  was  not 
put  in  a  desiccator  but  dried  in  air. 

Calc.  for  (NH«)fMoi07.3NHt:  Mo  -  49.";  N  -  17.88;  H  -  4.42;  found:  Mo  - 
49.8;  N  (by  Kjddahl)  «  17.^5;  H  (by  combustion)  «  4.15. 
^  Chem.  Zti.,  ai,  442. 
»  Am.  Ckem.  /.,  5,  361,  391.  etc. 
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A  dozen  prepaiaticms  were  undertaken  in  which  the  strength  of  anunooia 
was  varied,  but  invariably  the  same  crystalline  substance  was  obtained, 
as  was  determined  by  quantitative  analysis. 

That  it  was  not  a  mixture  of  two  or  more  substances  was  proved  in  the 
following  way:  A  sample,  freshly  prepared,  was  taken  at  random»  care- 
fully washed  with  distilled  water,  dried  and  analyzed. 

Found  for  washed  portion:  Mo  -  49-22;  NHt  (by  Kjeldahl)  •>  30.6;  found  for 
unwashed  portion:  Mo  »  49.35;  NH«  (by  Kjeldahl)  »  20.7. 

Thus  we  see  that  a  definite  compound,  having  the  composition 

(NH4)tM0207.3NH,. 
is  obtained  as  precipitate  by  adding  strong  solution  of  amtnonia  to  ammo- 
nium phosphomolybdate.  It  has  been  found,  however,  that  the  sub- 
stance gradually  loses  ammonia  and  if  we  put  the  salt  in  a  weighing  tube 
it  very  gradually  loses  weight  and  the  smell  of  ammonia  is  given  off.  At 
the  same  time  the  crystals  crumble  to  a  white  powder.  Moreover,  that 
the  ammonia  in  the  compound  is  loosely  combined  is  shown  by  its  peculiar 
behavior  in  the  determination  of  nitrogen.  On  heating  the  sub6tan9e 
during  analysis  about  three-fifths  of  the  total  nitrogen  is  immediately 
given  off  and  the  remainiQg  two-fifths  is  collected  after  a  long  time  on 
prolonged  heating.  That  the  salt  of  the  composition  (NH4)2Mos07.3NH« 
gradually  loses  ammonia  was  shown  by  the  following  comparative  tests: 

o.  1870  g.  of  the  salt  gave,  by  the  Kjeldahl  method,  0.0383  g.  of  am- 
monia, or  20.5%. 

On  the  very  next  day  0.5249  g.  of  the  same  sample  gave  o.  1029  g.  of 
NHs,  or  19.6%  ammonia. 

The  final  and  stable  product  of  decomposition  was  then  carefully  anal- 
yzed: 

Calc.  for  (NH4)tMot07:  Mo  ^  56.4B;  N  -  8.23;  H  »  3.48;  found:  Mo  »  56.35; 
N  (Dumas  method),  7.8;  H  (by  combustion),  2.81. 

Hence  the  substance  (NH4)2Mbs07.3NH8  obtained  as  precipitate  de- 
composes into  the  dimolybdate  (NH4)tMoi07.  But  sometimes  a  little 
phosphoric  add,  varying  from  o.  i  to  0.2%,  has  been  found,  which  is  prob- 
ably adsorbed  with  the  crystals. 

If  tHe  ammonia  used  is  very  dilute  we  do  not  get  an  immediate  precipi- 
tation on  its  addition  to  ammonium  phosphomolybdate,  but  if  the  solu- 
tion  is  allowed  to  evaporate,  generally  at  first  cfystals  of  ammonium 
molybdate,  having  the  composition  (NH4)2Mos07.3NH8,  separate  out. 
,  Very  seldom  we  get  the  salt  described  by  Gibbs. 

But  if  we  add  a  large  excess  of  strongest  solution  of  ammonia  available* 
at  first  the  same  crystalline  substance  is  obtained,  which  on  further  addi- 
tion of  ammonia  dissolves,  and  after  a  short  time  a  gelatinous,  flocculent 
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precipitate  appears.  After  vigorously  stirring  and  allowing  to  settle,  a 
preeipitate  thus  obtained  was  then  drained  from  the  mother  Hqnor  by 
strong  suction  and  dried  by  meao^'Of  blotting  paper.  It  was  extremely 
hygroscopic.  The  precipitate  was  £ound  to  be  absolutely  free  from 
moiybdate.    On  analysis  it  gave  the  foUoMring  results: 

Calc.  for  (NHOsHPO*:  PO4  -  7199;  N  -  21.3;  H  -  6.S;  found:  POi  -  7186; 
N  (Dumas)  «  21.9;  H  -  6.5%. 

Evidently  on  adding  a  large  excess  of  strong  solution  of  ammonia  the 
salt  of  the  composition  (NH4)iHP(^  is  obtained.  Now  the  dimolybdate 
(NH4)sMot07  is  rather  sparingly  soluble  and  the  substance  (NHOtMosO?.- 
3NHt  is  much. more  soluble,  but  on  adding  excess  of  ammonia,  evidently 
a  /conqpound  containing  ammonia  much  in  access  to  the  compotmd  de- 
s^ifibed  above  is  formed  which  is  very,  easily  soluble  and  hence  remains 
i)i  solution  and  only  ammonium  hydrogen  phosphate  is  precipitated. 
'Vhese  relations  will  be  clear  from  Table  I. 

Tabls  I. 

.    Specific  Wieifflitof  Volume  of 

gravity  anunonium  the  solution 

■     >•  «f  pboapliomolyb-        of  am- 

ammonia         date  taken.  monia  used. 

<   Orams.'     .  Cc«  .    Ol^atrvatioQ. 


0.90  ,9.5  40        Extremely  hyg(06copic  crystals  of  (NH4)tHP04 

.  were  obtained  as  precipitate.  . 

0.91  9.45  25         Prismatic  crystals  of  (NH4)iMoi07.3NHj  were 

obt&ined  as  precipitate. 

0.92  9.5  1 1        No  precipitate:  but  on  allowing  the  ammoniacal 

.^lution  to  evaporate,  first,  all  the  molyb- 
denum  appears  as  (NH4}iMoi07.3NH3  and 
then  phosphoric  acid  as  (NH4)iHP04. 

Incidentally,  crystals  of  ordinary  ammonium  moiybdate  were  analyzed 
and  It  was  found  to  correspond  to  the  formula  (NH4)eMorOt4.4HjO. 

Calc.  for  (NH4)iMo70M.4HfO:  Mo    -   54-37;  N    =   6.8;  found:  Mo    «   54.37; 

N  *  7.38. 

Summary. 

The  addition  of  ammonium  hydroxide  of  medium  strength  to  ammo- 
nium phosphomolybdate  usually  produces  a  crystalline  deposit  having 
the  composition  (NH4)tMoi07.3NHi,  on  the  addition  of  strongest  am- 
monium hydroxide  available,  hygroscopic  crystals  of  the  compositioa 
(.NH4)fHP04  are  obtaifaed. 

'  In  conclusion,  I  offer  my  best  thanks  to  Professors  Ray  and  Bhaduri. 

CtiSMZCAL  Labokatory,  Pkbsidsncy  Collhgs. 
Calcutta.  • 


Digitized  by  VjOOQIC 


HYDROFLUORIC  ACID  SePARATION  OF  CU  AND  PB,  ETC.  2375 

THE  USE  OF  HYDROFLUORIC  ACID  IN  THE  SEPARATION  OF 

COPPER  AND   LEAD    FROM   TIN   AND  ANTIMONY 

BY  MEANS  OF  THE  ELECTRIC  CURRENT. 

By  LsRoy  W.  McCay. 
Received  July  22.  1914. 

A  few  years  ago  I  published  in  This  Journal*  a  paper  on  a  methpd  for 
separating  antimony  from  tin.  The  method  is  based  on  the  fact  that  when 
antimonious  oxide  and  stannic  oxide  are  present  in  a  hydrochloric  or  sul- 
furic acid  solution  containing  some  hydrofluoric  acid,  the  introduction  of 
a  stream  of  hydrogen  sulfide  into  the  solution  occasions  a  precipitation  of 
antimonious  sulfide  only.  If  the  antimony  be  in  the  higher  state  of  oxida- 
tion and  sufficient  hydrofluoric  acid  be  present  it  undergoes  at  first  no 
change  when  its  solution  is  treated  with  hydrogen  sulfide.  On  continued 
action  of  the  gas,  the  solution  becomes  slightly  turbid  from  the  separation 
of  a  small  amount  of  sulfide  of  antimony,  but  this  turbidity  disappears 
at  once  when  the  solution  is  warmed.  Copper  and  lead  and  a  number 
of  other  heavy  metals  in  hydrofluoric  acid  solution  behave  like  antimonious 
antimony;  they  are  thrown  down  completely  by  hydrogen  sulfide. 

The  analogy  between  the  behavior  of  solutions  of  the  metals  when  treated 
with  hydrogen  sulfide  and  when  subjected  to  the  action  of  the  electric 
current  led  me  spmetime  ago  to  the  belief  that  from  a  hydrofluoric  add 
solution  containing  both  antimony  and  tin  in  the  higher  states  of  oxidation, 
the  electric  current  would  precipitate  neither  metal.  Such,  indeed,  turns 
out  to  be  the  case.  II  copper,  or  lead,  or  both,  be  present  along  with  the 
antimonic  antimony  and  stannic  tin,  and  the  solution  be  a  nitrohydro^ 
fluoric  add  one,  the  copper  is  deposited  at  the  cathode,  the  lead  as  the 
peroxide  at  the  anode. 

There  can  be  no  doubt  but  that  other  heavy  metals  can  be  separated 
from  tin  and  antimony  in  a  similar  way. 

Those  who  have  had  much  to  do  with  the  chemistry  of  tin  and  anti- 
mony are  familiar  with  the  ease  with  whidi  their  compounds  undergo 
hydrolysis.  Particularly  marked  is  this  phenomenon  in  the  case  of  salts 
of  antimony.  The  presence  of  hydrofluoric  acid,  however,  even  in  com- 
parativdy  small  amounts,  inhibits  entirely  all  tendency  on  the  part  of 
these  two  metals  to  form  insoluble  basic  compounds.  We  can  dilute 
a  tin  or  antimony  solution  containing  a  little  hydrofluoric  add  indefinitely 
without  the  resulting  liquids  becoming  turbid. 

Nitric  add  converts  tin  into  insoluble  metastannic  add,  antimony 
into  a  mixture  of  antimonious  and  antimonic  oxides  which  are  almost 
insoluble  in  the  concentrated  as  well  as  in  the  dilute  add.  If,  however, 
to  the  nitric  add  a  little  hydrofluoric  acid  be  added  we  obtain  the  best 
of  all  solvents  for  antimony  and  tin  and  their  alloys.  Dilute  nitric  acid 
*  3x.  373  (1909). 
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(1:4)  containing  a  small  amount  of  hydrofluoric  acid  wiO,  when  gentry 
warmed,  dissolve  in  less  than  5  minutes  over  one  gram  of  a  tinh^mtimony 
alloy,  provided  the  material  be  in  a  finely  divided  condition. 

It  matters  not  how  rich  the  alloys  are  in  tin  or  lead,  the  resulting  solu- 
tions are  clear  and  limpid.  In  all  my  work  I  use  as  a  solvent  25-50  cc. 
of  dilute  nitric  acid  (i  :  4)  to  which  5  cc.  of  48%  hydrofluoric  acid*  have 
been  added.  Of  course,  the  solutions  are  made  in  platinum.  In  the  cir- 
cumstances, all  the  tin,  but  only  a  part  of  the  antimony,  is  converted  into 
the  higher  state  of  oxidation.  To  complete  the  oxidation  of  the  antimony, 
a  saturated  solution  of  potassium  bichromate  has  proved  best.  I  add  it 
drop  by  drop  with  constant  stirring  until  the  pure  green  color  of  the  warm 
solution  takes  on  a  slight  yellowish  green  tint.  The  stirring  is  done  with 
a  platinum  spatula  tied  to  the  end  of  a  short  stick.  The  chromic  salt  and 
small  excess  of  chromic  acid  have  no  influence  on  the  separation  of  the 
copper  and  lead  from  the  tin  and  antimony,  or  on  their  subsequent  de- 
termination. It  is  an  interesting  fact  that,  in  the  separation  of  copper 
from  tin,  a  little  platinum  is  dissolved  at  the  anode  and  partially  repre- 
cipitated  along  with  the  copper  at  the  cathode.  The  amount  dissolved 
is  variable,  but  seems  to  increase  with  the  amount  of  tin  present.  It 
appears  in  the  form  of  a  black  powder,  or  very  thin  film,  when  the  copper 
deposit  is  dissolved  in  nitric  acid.  The  film  can  be  readily  removed  by 
gently  rubbing  the  surface  of  the  dish  with  a  bit  of  rubber  on  the  end  of 
a  glass  rod.  The  amount,  so  far  as  the  eye  is  concerned,  appears  to  be 
considerable,  and  yet  when  the  powder  is  filtered  off,  ignited  and  weighed, 
it  rarely  amounts  to  more  than  half  a  milligram.  I  have  found  that  by 
first  coating  the  anode  with  a  film  of  lead  peroxide  the  copper  comes  down 
free  from  platinum.  Since,  however,  any  platinum  in  the  copper  can  be 
determined  rapidly  and  with  great  accuracy,  I  do  not  think  we  gain  any- 
thing by  using  an  anode  coated  with  lead  peroxide.  The  current  from  one 
or  two  storage  cells  was  employed  in  my  work. 

Experimental. 

Separation  of  Copper  from  Tin. — ^The  copper  solution  used  contained 
20.001  g.  purest  blue  vitriol  in  a  liter  of  water. 

Calculated:  25  cc.  =  0.1374  Cu;  found:  25  cc.  =  0.1275  Cu. 
The  tin  used  was  a  well-known  German  firm's  best,  and  in  order  that  the 
solvent  might  attack  it  most  readily  I  had  the  machinist  convert  it  into 
thin  turnings.  The  weighed  sample  of  tin  was  placed  in  an  ordinary 
Classen  dish,  the  requisite  amount  of  solvent  added,  the  dish  covered  with 
a  piece  of  platinum  foil,  and  the  Hquid  very  gently  heated.  When  solu- 
tion was  complete  a  known  volume  of  the  blue  vitriol  solution  was  run.  in, 

^  Satisfactory  results  have  been  recently  obtained  by  using  smaller  anounta  of 
hydrofluoric  acid. 
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the  liquid  diluted  to  no  cc.  and  electrolyzed  over  night  with  a  current 
strength  of  0.25  A.  The  liquid  over  the  deposit  was  siphoned  oflF  with 
a  short  piece  of  black  rubber  tubing  upon  which  the  hydrofluoric  add  has 
no  action.  The  washing  was  done  in  the  usual  way,  water  being  poured 
into  the  dish  and  siphoned  off  until  the  needle  of  the  ammeter  dropped 
to  zero,  the  main  liquid  and  washings  being  trapped  in  a  large  ceresin 
beaker. 

Copper  taken.  Tin  taken.     Copper  fonnd  (Cor.  for  Pt). 

Gram.  Gram.  Gram. 

(l) 0.1020  0.2043  O.IOI5 

(2) 0.1275  0.3950  0.1274 

(3) 0.1275  0.5014  0.1274 

(4) 0.1275  0.5016  0.1276* 

Separation  of  Copper  jrom  Antimony. — The  separation  was  carried  out 
in  a  manner  similar  to  that  employed  in  separating  copper  from  tin. 
Before  introducing  the  ciurent,  however,  all  antimonious  oxide  was  oxi- 
dized to  antimonic  oxide  with  a  concentrated  solution  of  potassium  bi- 
chromate. In  (3)  I  detected  a  trace  of  platinum  in  the  copper.  The 
current  ran  over  night.     Current  strength,  0.25  A. 

Copper  taken.       Antimony  taken.      Copper  found. 
Gram.  Gram.  Gram. 

(l) 0.1020  0.1993  O.IO18 

(2) 0.1275  0.2102  0.1273 

(3) 0.1275  0.5008  0.1274 

In  order  to  see  how  accurate  the  results  for  copper  would  be  when  both 
tin  and  antimony  were  present,  I  dissolved  in  the  platinum  dish  in  50  cc. 
of  the  nitrohydrofluoric  acid  various  amounts  of  a  tin-antimony  alloy 
containing  from  0.13  to  0.14%  copper,  oxidized  the  Sb^^^  to  Sb^  with  po- 
tassium bichromate,  added  25  cc.  of  the  standard  blue  vitriol  solution 
and  brought  the  volume  to  1 10  cc.  From  the  weight  of  the  copper  found 
in  each  case,  the  amount  of  the  metal  present  in  the  quantity  of  alloy  taken 
was  deducted.  The  alloy  was  analyzed  several  years  ago  with  the  fol- 
lowing results : 

Tin 60.42 

Antimony 39  •  32 

Lead 0.26 

Copper o.  13 

Sum 100  13 

Since  the  lead  separated  as  the  peroxide  on  the  spiral  anode  I  also  de- 
termined it  in  each  case.  The  current  ran  over  night.  Current  strength, 
0.25  A. 

*  Anode  coated  with  PbOj. 
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Copper  taken.  Alloy  taken.      Copper  found  (C(>r.       Lead  found  in 

Gram.  Grams.  for  Pt).     Gram.        alloy.     Per  cent. 

(l) 0^1275  0.5001  0.1274  026 

(2) 0.1275  1.0005  0.1275  027 

(3) 0.1275  x.ooio  0.1276  0.26 

(4) 0.1275  i.oioo  0.1277  0.25 

Separation  of  Lead  from  Tin  and  Aniimony. — The  solutions  contained 
20  cc.  cone,  nitric  acid  and  5  cc.  48%  hydrofluoric  acid.  The  large  amount 
of  nitric  add  is  necessary  in  order  to  inhibit  the  separation  of  metallic 
lead  at  the  cathode.  The  antimony  present  in  the  lower  state  of  oxidation 
was  converted  into  the  higher  state  by  means  of  chromic  add  and  the 
volume  of  the  solution  was  always  brought  to  1 10  cc.  The  lead  peroxide 
was  deposited  Ln  a  Classen  dish  roughened  by  means  of  a  sand  blast.  Since 
this  dish  is  made  the  anode,  and  a  large  surface  is  consequently  exposed 
to  the  action  of  oxygen,  which  in  the  presence  of  hydrofluoric  add  has 
a  slight  action  on  platinum,  it  may  lose  in  weight  diuing  the  electrolysis, 
and  should,  therefore,  be  reweighed  after  dissolving  out  the  peroxide. 
Hot,  dilute  nitric  add,  containing  considerable  oxaUc  add  dissolved  in  it, 
is  well  adapted  for  removing  the  peroxide  from  the  dish.  Dilute  nitric 
add  to  which  a  Uttle  ordinary  hydrogen  peroxide,  free  from  hydrochloric 
add,  has  been  added  serves  the  purpose  equally  well. 

My  first  results  for  lead  were  much  too  high,  in  spite  of  the  fact  that 
I  could  detect  no  tin  or  antimony  in  the  peroxide  deposits.  It  is  a  well 
recognized  fact  that  when  lead  is  determined  as  peroxide,  with  the  electric 
ciurent,  the  results  are  apt  to  be  high,  and  this  is  thought  by  most  chemists 
to  be  due  to  the  presence  of  water  which  is  not  completdy  expelled  at 
190-200**.  My  results,  however,  were  almost  2  mg.  in  excess  of  what 
they  should  be.  Thus  far  I  have  been  unable  to  account  for  these  high 
figures. 

The  lead  solution  used  as  a  standard  contained  6.0004  g.  pure  lead 
nitrate  in  a  liter. 

Pound. 

Calculated.  By  electrolysU.  B^  evaporation  and 

Gram.  Gram.  ignition.     Gram. 

25  CC.  =  0.0938  25  CC.  =  0.0939  25  CC.  =  0.0937  Pb 

Separation  of  Lead  from  Tin, — ^The  current  ran  over  night.  Current 
strength,  0.3  A. 

Lead  taken.  Tin  taken.  Lead  found. 

Gram.  Gram.  Gram. 

(l) 0.0938  0.5014  0.0956 

(2) 0.0938  0.5084  0.0955 

(3) 0.0938  0.5102  0.0957 

Average,  0.0956  gram. 

0.0956  g.  found  —  0.0938  g.  taken  —  0.0018  g.  overweight. 

In  separating  the  metal  from  antimony  the  same  high  results  were  ob- 
tained.    A  determination  of  lead  in  dilute  nitrohydrofluoric  acid  solution, 
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when  no  tin  was  present,  gave  me  the  figure  0.0957.  Since  a  satisfactory 
result  was  always  obtained  when  no  hydrofluoric  add  was  present,  it 
seems  reasonable  to  assume  that  the  overweights  of  the  deposits  are  due 
to  the  presence,  in  them,  of  fluorine  in  some  form.  Thus  far,  however, 
I  have  been  unable  to  detect  any  with  certainty.  The  error  can  be  elim- 
inated, and  results  obtained  equal  almost  in  accuracy  to  those  arrived  at 
when  lead  is  determined  as  peroxide  in  nitric  acid  alone,  by  proceeding  as 
follows:  After  siphoning  off  the  supernatant  liquid  and  washing  a  de- 
posit until  the  needle  of  the  ammeter  stands  at  zero,  20  cc.  cone,  nitric 
acid  are  again  potured  into  the  d)sh,  the  dish  is  fiUed  with  water  until  the 
peroxide  is  just  covered,  and  the  ctirrent  reversed.  In  a  few  minutes  the 
solution  is  complete,  the  current  is  then  again  reversed  and  the  lead  re- 
predpitated  as  peroxide.  Using  a  current  strength  of  0.5  A.,  the  time 
necessary  for  complete  reprecipitation  is  from  4-5  hours. 

Here  are  some  results  obtained  by  following  the  modification  just  de- 
scribed: 

Lead  taken.  Tin  taken.  Lead  found. 

Gmm.  Gram.  Gram. 

(1) 0.0938  0.2015  0.0935 

(2) 0.0938  0.2625  0.0938 

(3) 0.0938  0.3025  0.0939 

(4) 0.0938  0.4987  0.0937 

(5).: 0.0938  0.5036  0.0939 

(6) 0.1876  0.5168  O.1881 

The  next  determinations  show  that  all  the  tin  taken  is  present  in  the 
liquid  siphoned  off  from  the  first  peroxide  deposit,  and  that  from  the  stand- 
point of  ordinary  analysis  no  appreciable  amount  can  be  induded  in  the 
PbO,. 

I^ead  taken.  Tin  taken.  Lead  found.  Tin  found. 

Gram.  Oram.  Gram.  Gram. 

(l) 0.1876  O.1614  0.1875  0.1623 

(2) 0.1876  0.2994  0.1881  0.2995 

(3) '...      0.1876  0.5169  0.1875  0.5170 

I  determined  the  tin  by  adding  to  the  solution  containing  it  10  cc.  cone, 
sulfuric  acid,  evaporating  as  far  as  possible  in  platinum  on  the  water  bath, 
heating  the  residue  to  strong  fuming  to  expd  the  hydrofluoric  acid,  cooling, 
and  pouring  the  liquid  into  a  liter  of  water.  The  tin  was  weighed  as 
stannic  oxide. 

Separation  of  Lead  from  Antimony, — The  details  to  be  observed  in  sepa- 
rating lead  from  antimony  will  be  evident  from  what  has  already  been  said. 
It  should  be  remembered,  however,  that  before  introducing  the  current 
all  antimony  present  in  the  lower  state  of  oxidation  must  be  brought  to^ 
the  higher  state  with  a  solution  of  potassium  bichromate.  The  deposits 
first  obtained  were  redissolved  by  reversing  the  current,  and  the  results 
for  the  lead  calculated  from  the  weights  of  the  reprecipitated  peroxide 
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(see  the  Separation  of  Lead  from  Tin).    Current  strength  for  first  pre- 
cipitation (over  night),  o.-ss  A,  for  second  (4-5  hrs.)i  0.5  A. 

]>a<|  taken.        Antimony  ttUcon,        I'^^fi  found.        AttUmmiir  found. 
Gram.  Gram.  Oram.  Gram. 

(l) 0.0750  0.I20I  0.0753  0.1200 

(2)........  0.0938  0.1402  cl.0935  0.1411 

(3) 0.0938  0.2100  0.0936  0.2099 

(4) 0.1876  O.I2P9  O.1871  0.1208 

In  each  case  the  Kquids  and  washings  from  the  first  precipitations  of 
the  lead  as  peroxide  were  treated  with  10  cc.  of  cone.  suHmic  acid  and 
evaporated  on  the  water  bath  in  platinum  as  far  as  possible.  The  residues 
were  heated  to  strong  fuming,  the  disli  was  covered,  a  piece  6i  pure  sulf^ 
dropped  in  and  the  sulfuric  acid  boiled  as  gently  as  possible  for  20  minutes. 
The  antimbny,  now  in  the  lower  state  of  oxidation,  was  then  determined 
volumetrically  with  potassium  permanganate  according  to  Kessler*s 
method.* 

Excellent  results  have  been  obtained  by  dissolving  the  lead  peroxide 
deposits  first  obtained  in  about  10  cc.  dilute  nitric  acid  to  which  5  cc. 
ordinary  hydrogen  peroxide  free  from  hydrochloric  acid  were  added,  trans- 
ferring the  solution  to  a  quartz  or  porcelain  dish,  adding  5  cc.  cone,  sul- 
furic acid,  evaporating  as  far  as  possible  pn  the  water  bath,  heating  the 
residue  to  strong  fuming,  and  determining  the  lead  as  the  sulfate.  The 
salt  was  collected  and  ignited  in  a  Neubaoer  crucible. 

Lead  nitrate  taken.         Lead  cal.  ^^^  taken.*  Lead  found.* 

i^KtLtxL  '    Gmm.  .Onm-  Grns. 

(i). .......  0.2x03      0.1315     ''   0^3900      o^isi^ 

.  (2).  4 0.3002  .  iO.1877  0.4993.  O.Z878 

(3) 0.6007  0.3756  0.5005  0.3752 

Some  experiments  having  shown,  at  this  stage  of  the  work,  that  lead 
peroxide  is  attacked  quite  slowly  by  dilute  nitrohydrofluoric  acid,  I  broke 
the  current  in  all  the  last  three  separations  as  soon  as  precipitation  was 
complete,  and  at  once  poured  oflf  the  liquid  above  the  deposits.  The  re- 
sults are  perfectly  satisfactory,  and  prove  that  it  is  not  i^ecessaxy  that  the 
deposits  should  be  washed  while  the  current  is  still  pa.ssing.  This  is  im- 
portant, as  we  are  not  required  to  evaporate  such  large  volumes  of  liquid, 
in  case  a  determination  of  tin  or  antimony  is  desired. 

The  copper  and  lead  in  a  white  metal,  very  homogeneous  in  composi- 
tion, have  b(een  determined  with  marked  success  according  to  this  hydro- 
fluoric .ajcid  method.  About  a5  g.  of  the  finely  divided  material  was 
employed  in  each  case.  The  lead  perpxide  first  deposited  was  transformed 
into  the  sulfate,  according  to  the  d^ections  above  given,  and  weighed  in 

*  P^gg'  Ann.,  xxS,  17  (1863)-       See  also  Freseatus'  Quant.  Analyse  (1873),  B.  I., 
p.  360. 

*  The  composition  of  this  alloy  is  given  on  p.  2377. 
»  Corrected  for  the  0.26%  present  in  the  alloy. 
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this  f omu  Prom  the  Uquid  pouted  off  from  the  kad  peroxide  the  oopper 
was  precipitated,  after  the  excess  of  add  had  been  neutcalixed  tdth  am- 
monia. 

Blectrolrtically. 

Copper 2.70  a. 70          2.74          2.76         2.75 

Lead 12.66  12.60        12.50        12.67        12.66 

Antimony 1 1 .  65  1 1 .  62  ?  Determined  in  the  liquid  from  which  the  Cu  had 

Tin 73 .  20  73  •  25  J      been  precipitated.     The  Sb  was  determined 

volumetrically,  the  Sn  gravimetrically.' 

106.21  100.17 

From  a  dilute  nitrohydrofluoric  acid  solution,  copper  can  be  separated 
from  tungsten,  and  merciuy  and  silver  from  tin  and  antimony.  My 
assistant,  Mr.  N.  H.  Furman,  finds  that  the  results  obtained  in  separating 
mercury  from  tin  and  antimony  are  fully  as  exact  as  those  arrived  at  in 
separating  copper  from  these  metals.  Attempts  are  being  made  to  sepa- 
rate and  determine  other  metals  by  means  of  the  current  when  they  are 
present  in  solutions  containing  hydrofluoric  acid. 

Peincvton,  N.  J. 


THE  CONSTITUTION  OF  ALUMINATES.    II. 

By  Howard  G.  Mahin. 
Received  August  18.  19  U. 

In  a  recent  paper  by  Blum,^  entitled  "Constitution  of  Aluminates," 
criticism  was  made  of  an  earlier  paper  bearing  the  ^me  title*  by  Mahin, 
Ingraham  and  Stewart.  Inasmuch  as  the  author  seems  to  have  entirely 
misinterpreted  a  part  of  the  experimental  work  described  in  the  first 
paper,  and  the  deductions  therefrom,  it  seems  necessary  to  correct  these 
impressions. 

Mahin,  Ingraham  and  Stewart  concluded  that  the  hypothesis  of  alum> 
inates  having  definite  formulas  had  not  been  substantiated  by  any  of  the 
earlier  work  and  that  suffident  attention  had  not  been  given  to  the  colloidal 
properties  of  aluminium  hydroxide,  as  bearing  upon  its  solubility  in  solu- 
tions of  bases.  Their  supposition  was  that  by  adsorption  of  hydroxyl  ions 
the  aluminium  hydroxide  may  be,  to  a  considerable  extent,  maintained 
in  a  dispersed  condition,  molecular  aggregates  acquiring  thereby  a  negative 
charge  which  has  caused  these  aggregates  to  be  mistaken  for  definite  anions, 
because  of  their  behavior  when  a  current  of  electricity  is  passed  through  the 
solution  of  **aluminate." 

This  possibility  seemed  to  be  favored  by  the  results  of  experiments 
upon  the  heat  of  solution  of  aluminium  hydroxide  in  bases,  upon  the  pre- 

*  The  metals  were  separated  according  to  the  method  described  in  This  Journal, 
3li  373  (1909). 

» Tms  Journal,  35,  1499  (1913). 
»/Wd.,  35,30  (1913)- 
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dpitation  of  ftlununiuin  hydroxide  by  reactions  of  atmnonium  nitrate  with 
sodium  altsminate  and  upon  the  electndysis  of  ahuninate  sc^utioos. 

The  reaction  between  ammonium  nitrate  and  sodium  aluminate  was 
found  to  precipitate  a  proportionately  greater  quantity  of  aluminium  hy- 
droxide than  would  be  indicated  by  the  formula  NaAlOsi  favored  by  most 
investigators.  A  substance  of  this  formula  could  not  produce  more  alumin- 
ium hydroxide  than  is  indicated  by  the  molecular  proportion  AI1O1/NH4- 
NOj  »  Vi-  In  the  experiments,  however,  the  ratios  1/1.885  and  1/ 1.930* 
were  obtained.  This  would  indicate  a  substance  having  less  sodium  than 
that  having  the  formula  NaAlOs  (see  equations  of  former  paper).  Blum 
criticizes  these  deductions  by  saying  that  the  theoretical  ratio  could  not 
be  expected  because  of  incomplete  hydrolysis  of  the  aluminate,  complete 
hydrolysis  being  possible  only  in  case  of  absolute  nonionization  of  ammo- 
nium hydroxide.  This  is  certainly  true,  but  Blum  apparentiy  overlooks 
the  fact  that  incomplete  hydrolysis  would  result  in  incomplete  precipita- 
tion of  aluminium  hydroxide,  with  a  consequent  experimental  ratio  of 
Al208/NH4NOt  kss  than  Vs*  whereas  Mahin,  Ingraham  and  Stewart  found 
ratios  in  two  cases  greater  than  V2.  In  his  reply  (see  following  paper) 
Blum  suggests  that  t^iese.  ration  ipay  have  b^eu  obtained  ,a3  a  result  of 
spontaneous  decomposition  ot  the  aluminate' solutions,  the  duration  of 
the  experiment  not  having  been  stated.  I^ss  than  15  minutes  was  re- 
quired for  these  experiments  and  other  portions  of  the  aluminate  solutions, 
not  treated  with  ammonium  nitrate,  remained  clear.  Spontaneous  de- 
composition is,  therefore,  extremely  improbable. 

A  similar  error  was  made  by  Blum  in  his  discussion  of  the  results  of  the 
electrolysis  of  aluminate  solutions.  The  formula  NaAlOs  indicates  the 
least  alkali  metal  of  all  formulas  that  have  been  proposed  for  the  alkali 
aluminates.  Mahin,  Ingraham  and  Stewart  argued  that  electrolysis  of 
such  a  substance  could  not  produce  a  greater  quantity  of  aluminium 
hydroxide,  relative  to  oxygen  liberated  at  the  anode,  than  that  indicated 
by  the  proportion  AlaOi/Oj  =2/1,  while  resolution  of  aluminium  hydroxide 
in  the  basic  solution  at  the  anode  was  an  unavoidable  error  that  wOTked 
always  toward  diminishing;  the  experimental  ratio.  The  authors  did 
not  argue  (although  Blum  so  states)  that  failure  to  obtain  a  definite  ratio 
for  AljOi/Oj  indicated  absence  of  aluminates  of  definite  formulas.  They 
merely  pointed  out  that  the  ratios  obtained  in  three  experiments  showed, 
as  in  the  ammonium  nitrate  reactions,  that  if  aluminates  as  salts  existed 
in  the  solutions  their  formnlas  must  be  different  from  any  that  have  been 
proposed. 

In  the  electrolysis  of  alkaline  solutions  of  aluminium  the  difficulties  en- 
countered in  the  attempt  to  prevent  resolution  of  aluminium  hydroxide 

^  In  the  origiiial  paper  this  ratio  was  given  as  1/1.530,  as  a  result  of  a  typo- 
graphical error. 
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are  practically  insannountable.  Out  of  eighteen  experim^its  reported 
in  the  origiiial  paper,  three  gave  ratiorof  idummium  c»dde  precipitated  to 
oxygen  liberated  at  the  anode,  greater  than  2/1.  These  were  2/0.9968, 
2/0.8656,  and  2/a9i74.  Since  that  time,  one  of  the  authors  (Mahin), 
woridng  with  Mr.  O.  M.  Harrison,  has  obtained  the  ratios  2/0.8820  and 
2/0.9524  in  two  experiments  out  of  seven.  If  ledolution  could  be  entirely 
prevented  the  ratios  would  be  still  larger.  If  definite  salts  are  present 
in  the  solutions  they  nnist  be  represented  by  such  formulas  as  NatAUOT^ 
NaAkQii  etc.  *Tbe  number  of  such  fonbulas  that  might  be  invented  is  end^ 
less.  (Blum  suggests  the  possibiUtj  of  spontaneous  decomposttion  c^  the 
aluminate  solutions  in  these  experiments  also.  Such  possibiMty  was 
exduded  by  the  fact  that  the  experbnenta  were  watched  very  cafeCully,  the 
electrolysis  being  stopped  in  eadi  case  whenever  the  least  turbidity  ap* 
peared  in  the  main  body  of  the  solution.) 

The  evidence  presented  by  BUmi  in  his  measurements  of  tlie  amount 
of  basic  solution  required  to  ptedpitote  and  redis8(dve  aluminium  hy- 
droxide from  aluminium  chloride,  ^  appears  to  be  the  most  definite  of  any 
that  has  been  presented.  Hbwev^ ,  it  may  be  pointed  out  that  in  his 
curve  C,*  if  the  third  point  of  inflection  is  taken  strictly  as  the  curve  indi- 
cates^  it  will  faD  at  a  point  corresponding  with  (H+J  «  (nearly)  10"""* 
instead  of  lo'^® -^  At  this  point  the-  volume  6f  basic  solution  is  28.5  cc. 
instead  of  28  cc.     In  this  case  the  ratio  of  base  required  to  redissolve  the 

precipitate,  to  that  required  to  form  it  is  —       =  0.4,  not   0.33. 

This  would  correspond  with  an  aluminate  containing  more  alkali  metal 
than  is  indicated  by  the  formula  KAlOt.  In  other  words,  this  definite 
formula  can  be  obtained  from  the  curve  only  by  a  somewhat  arbitrary 
selection  of  a  point  of  inflection  which  is  not  indicated  by  the  experi- 
ments. 

Pufcous  UMiTSssmr. 


THB  CONSTITUTION  OF  ALUMINATES.' 

By  Wii*liax  Blum. 
Received  September  10.  1914. 

In  my  discussion*  of  the  evidence  of  Mahin,  Ingr^am  and  Stewart,^ 
regarding  the  reaction  between  sodium  aluminate  and  ammonium  nitrate, 
stress  was  laid  upon  the  imcertainty  due  to  incomplete  hydrolysis  of  the 
alummate,  which  would  lead  to  incomplete  precipitation  of  the  aluminium 
hydroxide,  such  as  evidently  occurred  in  £xpt.  2  of  Table  I,  where  the  ratio 

«  Tms  Journal.  35i  1500  (»9i3)- 

'  Published  by  permission  of  the  Director  of  the  Biireau  of  Standards. 

*  This  Journal.  35,  1503  ^1913) 

^  Ibid.,  35»36  (1913). 
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2,68/ J  was  obtained.  The  slight  excess  of  altuninium  hydroxide  pre- 
cipitated in  the  other  two  experiments  may  have  been  due  to  .spontaneous 
decompositicm  of  the  aluminate  soluttoos,  even  though  the  period  of  the 
reaction  was  only  fifteen  minutes,  a  phenomenon  I  have  often  observed 
with  aluminate  solutions  saturated  with  ahiminiufn  hydroxideu  It  is  at 
least  interestmg  to  note  that  the  effect  of  any  such  error » if  present*  wcHtld  be 
proportionally  greater  in  Expts.  i  and  3,  than  in  2,  owing  to  the  analler 
amounts  of  aluminium  hydroxide  involved  in  the  former  experiments. 
Indeed,  if  the  molecular  ratio  NH«NQt/AlsOi  be  calculated  for  the  sum 
of  the  amounts  invohred  in  the  three  experim^its,  the  ratio  2.39  is  obtained ; 
i.  e,,  the  total  error  is  in  the  direction  expected,  a  deficient  predpitation 
of  aluminium  hydronde.  In  this  cooneotion,' attention  should  be  called 
to  an  error  in  calculating  the  result  for  E^t.  3  of  Table  I»  where  the  mol- 
ecular ratio  NH4N08/Ali08  should  be  1.93  (and  not  1.53  as  given). 

Similarly,  in  the  discussioa  of  the  electrolysis  experiments,  attention 
was  called  in  my  former  paper  to  the  probable  ^Mntaoeous  decomposition 
of  the  solutions  during  ekctrcrfysis;  especially  since  *'In  every  case  the 
precipitated  aluminium  hydroxide  possessed  at  first  the  appearance  of  a 
colloidal  gel,  changing  to  the  crystalline  modification  as  the  experiment 
proceeded.''  .Such  an  effect  nd^t  have  ootmteracted,  or  even  counter* 
balanced,  the  admitted  solvent  action  of  the  liberated  alkali.  The  lact 
that  in  ooly  three  out  of  e^teen  experinxnts  described  in  his  original 
paper  and  in  only  two  out  of  seven  mentioned  in  the  second  paper  ^  Matiin 
obtained  ratios  indicating  an  excess  precipitation  of  aluminium  hydroxide, 
is  certainly  not  conclusive  evidence  of  the  nonexistence  of  sodium  alumi- 
nate with  a  formula,  NaAlOi,  or  some  multiple. 

The  curve  C  in  my  paper,  referred  to  by  Mahin,  represeiits  the  action 
of  potassium  hydroxide  upon  aluminium  chloride,  in  which,  as  pointed 
out  in  the  original  article,  great  difficulty  was  experienced  in  obtaining  a 
clear  solution,  owing  to  the  above-mentioned  spontaneous  separation  of 
crystalline  aluminium  hydroxide.  Greater  significance  should  therefore 
be  given  to  curve  B,  representing  the  action  of  sodium  hydroxide. 

The  above  considerations,  together  with  the  failure  of  Hildebrand* 
to  detect  colloidal  particles  in  aluminate  solutions  by  means  of  the  ultra- 
microscope,  seem  to  justify  the  original  conclusion  that  definite  alum- 
inates,  having  the  formula  MAIO2  or  some  multiple  of  it,  probably  exist 
in  aqueous  solution.' 

Washington,  D,  C. 

*  This  Journal,  preceding  paper. 

2 /Wd.,  35,  864  (1913), 

'  My  attention  has  been  called  to  an  article  by  Slade  and  Polack  in  Trans.  Faraday 
Soc,  zo,  150  (August,  1 91 4),  discussing  the  original  paper  by  Mahin,  Ingraham  and 
Stewart,  which  came  too  late  for  consideration  by  the  authors  of  these  papers.   I  EDrroR.  ] 
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NOTB. 

.  Natural  Indicators, — ^Since  the  publkatioii  of  the  article  on  **Some 
Natural  Indicators"  in  the  September  number  of  This  Journal,  Mr. 
G.  A.  Fraps  has  called  my  attention  to  an  article  entitled  ''The  Wide 
Ocdurrence  oi  Indicators  in  Nature,"  by  kimseif,  published  in  the  Atner- 
kan  Chemical  Journal  for  September,  1900,  in  which  he  has  recorded  some 
shml&r  observations.   ,  H.  W.  Brubaker. 


(Contribution  from  the  Chemical  Laboratory  ov  Northwestern  University.) 

fBE  STRUCTURE  OF  MALTOSE  AND  ITS  OXIDATION  PRODUCTS 

WITH  ALKALINE  PEROXIDE  OF  HYDROGEN. 

By  W!  Lbs  Lbwis  and  Sivobl  A.  Buckbokougr. 
RecciTed  Aui^ost  19,  1914. 

Nef ^  and  his  students  have  established  the  methods  for  oxidizing  the 
sugars  with  various  agents  and  for  separating  and  identifying  the  resulting 
products.  Nef*  has  recently  submitted  a  complete  system  of  dissociation 
of  the  sugar  molecule  in  explanation  of  these  oxidations  and  in  explana- 
tion of  the  reciprocal  conversion  of  certain  sugars  under  the  influence  of 
dilute  alkalies. 

One'  of  us  investigated  the  products  fcnmed  when  maltose  is  oxidized 
with  alkaline  cupric  sulfate.  This  work  brought  out  that  maltose  is 
oxidized  largely  as  an  imhydrolyzed  disaccharose,  forming  glucosido- 
adds,  whose  subsequent  hydrolysis  gives  dextrose  and  simpler  acids. 
There  were  thus  obtained  from  loo  g.  of  anhydrous  maltose,  34.72  g.  of 
h3rdrolyzed  dextrose,  29.78  g.  of  hexonic  adds,  2.86  g.  of  glycollic,  0.25 
g.  of  oxalic,  3.46  g.  of  formic  acids,  and  7.74  g.  of  carbon  dioxide.  Of 
tmidentified  material,  believed  to  contain  glycerinic  and  trioxj'butyric 
adds,  there  remained  27.29  g.,  with  2.15  g.  lost  during  the  various 
tnanipulations.  The  ratio  of  the  various  products  fotmd  was  quite 
different  from  that  observed  by  Nef *  in  a  study  of  the  oxidation  products 
of  the  simple  hexoses,  dextrose,  levulose,  and  mannose,  especially  in 
respect  to  the  larger  amount  of  mannonic  lactone  (21.00  g.)  formed  from 
the  disaccharose.  This  investigation  of  maltose,  however,  failed  to  throw 
any  light  on  the  constitution  of  that  sugar,  largely  because  the  amount 
of  oxygen  taken  up  by  each  molecule  was  insufficient. 

The  present  study  was  therefore  undertaken  in  the  hope  that  the  more 
complete  destruction  of  the  maltose  molecule,  under  the  influence  of 
alkaline  hydrogen  peroxide,  might  permit  a  better  quantitative  separation 
of  the  products,  thus  reflecting  the  point  of  the  glucosido  union  between 

'  Ann.,  357,  214-312;  376,  i-ii9;403i  204-383. 

*  Ibid.,  403,  204-242. 

'  Lewis,  Am.  Chem.  J.,  42,  301-319. 

<  .4  WW,  357,  259. 
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the  two  constituent  dextrose  groups  in  malt  sugar.  The  results  ooa- 
firmed  the  previous  findings  that  maltose  oxidizes  largely  without  hy- 
drolysis and  that  saccharinic  acid  formation  does  not  take  fdaoe  under 
the  conditions.  A  larger  amount  of  oxygen  is  taken  up  with  ^^kff\^^ 
peroxide  as  evidenced  in  the  larger  3rield  of  adds  containing  few  carixm 
atoms.  One  hundred  grams  of  smhydrous  maltose  gave,  by  this  method, 
22.97  g.  of  hydrolyzed  dextrose  (corr.  24.97  g.)  0.16  g.  of  mannooic  lactone, 
16.04  g*  of  glycollic,  o.ii  g.  of  oxalic,  55.37  g.  of  formic  add  and  444  g. 
of  carbon  dioxide.  Of  unidentified  material  there  remained  1.18  g., 
b^ievedto  c<^taiii  eryt^9iuc  ajudi.  ^threontc  adds.  One  grfun  of  ma- 
terial was  used  vp  in  ^tr^ion^  and  9therwise.  lost,  ia  'mfuiipulation. 
Especially  noteworthy  are  the  larger  amounts  of  formic  and  glycoUic  add 
fotmd  in  comparison  with  the  previous  work  using  alkaline  copper  sulfate. 
Herein  it  is  believed  are  to  be  found  the  proofs  indicated  by  Nef ^  which 
establish  the  structure  of  maltose  as  originally  assumed  by  Fischer,^  as 
a  7-(f-glucosido-<i-glucose  hydrate, 
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CHOH 
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CHOH 
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CHOH 


CHO.HiO 

I 
CHOH 
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CHOH 

1 
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CHtOH  L.^-CH,, 

in  which  the  primar>;  alcohol  hydroxyl  functions  in  the  glucosido  union. 

Fischer^  established  the  structure  of  maltose'  as  a  disaccharose  com- 
posed of  two  molecules  of  d-glucose  and  containing  a  7-lactone  ring 
similar  to  his  synthetic  alkyl  glucosides.  According  to  Armstrong* 
maltose  is  an   a-glucoside,  as  established  by  selective  enzyme  action. 

5  4,3,2.1, 

The  resulting  formula  C«H,o04.CH,OH(CHOH)4.CHO.H,0  does  not, 
however,  determine  which  of  the  carbon  atoms  i,  2,  3,  4,  and  5,  holds  the 
hydroxyl  group  taking  part  in  the  glucosido  union.  Carbon  atoms  i, 
2  and  3  may  be  at  once  eliminated  as  possibilities  from  the  following 
consideration:  d-Maltose  with  iVj  molecules  of  caldum  hydropde  at 
ordinary'  temperature  gives  a  very  large  quantity  of  glucosido  o  and 
/8-d-isosaccharinic  adds,^ 

^  Ann.,  403,  299-303. 
2  Ber.,   27,   2988. 

*  Ibid.,  35,  3141;  2^  1 145;  Nef.  Ann.,  403,  299. 

*  Trans.  Chem.  Soc,  85,  1305. 

*  Kiliana,  Ber.,  18,  631,  2514;  38,  2668;  Nef,  Ann.,  357,  306;  376,  54-^6. 
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COOH  COOH 
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HO— C— CHtOH  CH2OH— C— OH 
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CHj  CH, 
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CHOH  CHOH 

I  I 

CH,OH  and  CH,OH 

This  product  can  only  come  about  through  enolization  of  malt  sugar 
with  subsequent  addition  and  splitting  off  of  water  forming  intermediately 

O 
II 
7-</-glucosido-d-fructose,     C«HioO».CHjOH(CHOH)8— C— CHiOH,     after 

the  analogy  of  the  interconversion  of  simple  hexoses  under  the  influence 
of  alkalies.^    This  product  similarly  goes  over  into  'y-J-jg:Incosido  ortho- 

•     O   O 

II     II 
hexoson,    QHioOs.CH^OHCHOHCHj— C— C— CH2OH,   which,    by    the 

benzilic  add  rearrangement,  can  give  the  final  product   7-d-glucosido 

or-  and  /^-isosaccharinic  adds.    Hydrolysis  of  the  latter  yields  d-glucose 

and  a-  and  /3-isosaccharin.    It  may  be  seen  that  these  tomsformations 

involve  the  three  hydroxyl  groups  attached  to  carbon  atoms  i,  2  and  3, 

which  therefore  must  be  present  as  such  in  the  original  maltose  molecule. 

The  partidpation  of  any  one  of  these  in  the  glucosido  union  is  therefore 

precluded. 

The  selection  of  the  correct  hydroxyl  group,  as  between  the  two  remain- 
ing, is  fixed*  upon  that  attached  to  carbon  atom  6  by  the  following 
considerations: 

Nef  and  Glattfeld'  have  shown  that,  when  glucose  is  treated  ^vith  alkaU  of 
a  certain  concentration,  there  results  six  sugars;  t.  e.,  (i-glucose,  d-mannose, 
d-fructosc,  d-pseudofructose  and  a-  and  /9-d-glutose.  The  intermediate 
1,2-hexose  dienols  of  this  transformation  tmdergo  dissodation  into 
hydroxy  methylene  and  methyleneols  of  the  pentoses.  There  result, 
finally,  through  further  dissodation,  various  sugars  containing  one,  two, 
three,  four  and  five  carbon  atoms  (CHsO)jc,  the  oxidation  of  wWch,  ac- 
companied in  some  instances  by  the  benzilic  acid  rearrangement,  produces 
the  ultimate  products  found  in  sugar  oxidation. 

It  is  altogether  probable  that  maltose  under  the  influence  of  alkalies 
enters  into  a  similar  equilibrium*  of  the  six  glucosido  hexoses  of  the 
glucose    series.    The   intermediate   glucosido   hexosedienols   undergoing 

^  Ber.,  38,  3078;  R^c.  trav.  chem.  Pays-Bas.,  19,  i  (1900). 

*  Ann.,  403,  362. 

*  Am,  Chem.  J.,  50,  137, 

*  Nef,  Ann.,  403,  300,  381-382. 
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dissociation,  oxidation,  etc.,  would  produce  the  glucosido  acids  whose 
hydrolysis  would  give  the  final  products  found  in  this  study. 

The  step-by-step  splitting  off  of  oxymethylene  with  the  formation  of 
formic  and  carbonic  acids,  as  the  main  course  of  the  reaction,  could  not 
go  beyond  the  carbon  atom  whose  hydroxyl  enters  into  the  glucosido 
union,  otherwise  glucosido  acids  would  not  be  the  principal  product  of 
the  oxidation.  In  the  following  equation  it  may  be  seen  that  if  Formula 
I  were  correct  for  maltose  the  principal  product  of  the  oxidation  would 
be  glucosido  glycerinic: 
I. 
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If  Forniulia  II  were  correct,  the  principal  product  would  be  glucosido 
glycollic  acid. 
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One  hundred  grams  of  maltose  with  alkaline  peroxide  gave  finally  16.04 
g.  of  pure  crystalline  glycollic  acid  while  glycerinic  acid  was  not  found 
present. 

The  ratio  and  nature  of  the  oxidation  products  of  d-glucose  with  alkaline 
hydrogen  peroxide  are  quite  different  from  those  of  maltose,  especially 
in  respect  to  the  small  amount  of  glycoUic  add^  (4.3  from  100  g.)  and  the 
presence  of  (f-arabonic  lactone^  in  the  former.  These  differences  must 
be  due  to  the  effect  of  the  above  glucosido  bond. 

Regarding  the  source  of  the  other  products  found,  the  large  quantities 

*  Spoehr,  Am.  Chem.  /.,  43,  238. 

»Glattfeld,  Ibid.,  50,  135-157. 
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of  carbonic  and  formic  adds  undoubtedly  result  from  the  oxidation  of 
dissociated  hydroxymethylene,  >CHOH.  Oxalic  add  could  result 
from  a  more  complete  oxidation  of  diose  methyleneol,  HOCHsCOH<.^ 
]^3rthronic  and  /-threonic  add  were  indicated  in  the  results  but  not 
established  because  of  the  small  amounts.  Their  formation  is  most 
probable  from  the  dissociation  of  glucosido  2,3-^gluco6e  dienol, 
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into  the  methylenols  of  diose,  HOCHsC(OH)<,  and  of  glucosidoni- 
erythrose.  The  osone  of  the  latter,  formed  by  oxidation,  could  undergo 
the  benzilic  add  rearrangement  (asymmetric  in  part  or  entire)  to  give 
Ciadds. 

Mannonic  lactone,  on  the  other  hand,  has  been  proved  to  arise  from  the 
hydrolysis  of  glucosido  mannonic  add  through  the  action  of  dilute  alkalies 
on  maltosone.'  That  the  benzilic  acid  rearrangement  often  takes  place 
asymmetrically  has  been  pointed  out  by  Nef '  in  explanation  of  the  pre- 
ponderating gluconic  add  in  oxidation  of  the  simple  hexoses  and  of 
mannonic  add  when  maltose  is  acted  upon  by  Fehling's  solution.^  In 
the  oxidation  of  maltose  with  alkaline  peroxide  there  is  formed  inter- 
mediately therefore  some  maltosone. 

Experimental  Part. 

A  solution  of  3.22  g,  of  maltose  in  80  cc.  of  3%  hydrogen  peroxide 
(6.5  molecules)  was  prepared  and  added  with  vigorous  shaking  through 
a  period  of  ten  minutes  to  a  solution  of  5.62  g.  of  85.7%  potassium  hy- 
droxide (equivalent  to  4.82  g.  of  potassitun  hydroxide  net,  being  7.7 
molecules)  in  100  cc*  of  water.  The  total  volume  was  then  increased  to 
200  cc.,  making  the  concentration  of  the  alkali  approximatdy  half  normal. 
Under  similar  conditions  3.22  g.  of  maltose  were  dissolved  in  160  cc. 
hydrogen  peroxide  and  the  mixture  poured  with  vigorous  shaking  through 
a  period  of  ten  minutes  into  a  solution  of  5.62  g.  of  potassium  hydroxide 
in  40  cc.  water. 

^  Cf.  Anderson,  Am,  Chem.  7.,  42,  406. 
■  Lewis,  Ibid.,  4a,  315-319. 

•  Ann,,  357,  231-2,  284. 

*  In  unpublished  notes  one  of  us  (Lewis)  has  obtained  mannonic  lactone  in  quan* 
tity  from  the  oxidation  of  lactose  with  Fehling's  solution. 
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Three  solutions  of  each  concentration  were  prepared  and  kept  at  room 
temperature,  being  protected  from  the  carbon  dioxide  of  the  air  by  means 
of  soda  lime  tubes. 

In  none  of  the  above  mixtures  was  any  change  in  temperature  or  ap- 
^pearance  of  the  solution  noted.  The  final  solutions  were  in  all  cases 
colorless. 

By  testing  with  FehUng's  solution  the  oxidation  was  found  in  the 
first  three  trials  (80  cc.  hydrogen  peroxide)  to  be  complete  after  seven 
to  ten  days  and  in  the  last  three  (160  cc.  hydrogen  peroxide)  after  fourteen 
to  seventeen  days,  as  evidenced  by  the  absence  of  reduction.  While  the 
solutions  were  standing,  as  well  as  at  the  conclusion  of  the  oxidation,  the 
continued  presence  of  an.  excess  of  hydrogen  peroxide  was  proved  by 
frequent  tests  with  starch  potassium  iodide  paper.  The  excess  of  hydrogen 
peroxide  was  finally  removed  by  the  addition  of  a  Uttle  platinum  black  and 
vigorous  stirring. 

(/)  QtiarUitative  Determination  of  the  Amounts  of  Carbon  Dioxide  Formed 
in  the  Oxidation, — ^To  determine  the  amount  of  carbon  dioxide  in  each 
case,  an  apparatus  was  set  up  in  which  a  wash  bottle  of  concentrated 
potassium  hydroxide  was  connected  with  a  large  U-tube  fi&ed  with  soda 
lime,  and  this  in  turn  with  the  flask  containing  a  sugar  solution.  To  the 
otjier  side  of  the  flask  was  attached  a  reflux  condenser  in  series  with  six 
towers  containing  a  saturated  solution  of  barium  hydroxide.  The 
calculated'  amount  of  hydrochloric  acid  was  then  added  to  the  alkaline 
reaction  mixture  by  means  of  a  dropping  fimnel,  and  air  free  from  carbon 
dioxide  was  slowly  and  continuously  drawn  through  the  apparatus. 
The  flask  was  finally  heated  in  an  oil  bath  at  110°  to  120**  for  one  hour. 
The  barium  carbonate  precipitate  was  then  thoroughly  washed,  dried  at 
100^  and  weighed. 

Blank  experiments  were  also  made  to  determine  the  amount  of  carbon 
dioxide  in  5.62  g.  of  potassium  hydroxide.  Three  determinations  gave 
respectively,  0.2430  g.,  0.2439  g.  and  0.2435  g.  of  barium  carbonate. 

The  three  solutions  of  maltose  with  80  cc.  of  hydrogen  peroxide,  after 
the  correction  was  made  for  the  potassium  hydroxide,  gave  respectively, 
0.8584  g.,  0.8556  g.  and  0.8540  g.  of  barium  carbonate.  Two  of  the 
Solutions  prepared  with  160  cc.  hydrogen  peroxide,  after  the  correction, 
gave  0.9851  g.  and  0.9629  g.  of  barium  carbonate. 

Table  I. — Summary  of  Resxjlts  for  Carbon  Dioxros. 


Atnount 

of  raaltoae. 

Grams. 

Amoant  of  by- 

Time  for 

oxidation. 

Days. 

Grams  of 
carbon 
dioxide. 

Per  cent,  of 
theoretical  yield. 

Per  cent  of 
total 

3   22 

80 

7-10 

0.137 

2.91 

452 

3    22 

80 

7-10 

0.134 

2.84 

4.41 

3   22 

80 

7-10 

0.136 

2.85 

4.47 

.    3   «2 

160 

14-17 

0.220 

4.67 

7.21 

3    22 

160 

14-17 

0.215 

4.5^ 

7.05 
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(2)  QtumHtixtive  DeternnnoAion  oj  ike  Amounts  oj  Volatile  Acids. — As 
before,  three  lots  of  3.20  g.  of  maltose  with  80  cc  hydrogen  peroxide 
were  set  aside  under  like  conditions,  also  three  lots  with  160  cc.  hydrogeii 
peroxide.  The  time  periods  for  complete  oxidation  were  the  same  as  in 
the  first  series.  After  adding  the  platinum  black  to  the  sdutions  and 
heating  the  flasks  to  remove  the  excess  of  hydrogen  peroxide,  theoretical 
amotmts  of  hydrogen  chloride  were  added.  Each  solution  was  then 
separatdy  distilled  from  a  flask  provided  with  a  Kjeldahl  bulb  to  prevent 
the  volatilization  of  possible  glycollic  add.  A  pressure  of  10-25  mm. 
was  maintained  and  the  flask  finally  heated  for  some  time  in  a  boiling 
water  bath.  The  residues  were  several  times  dissolved  in  100  cc.  of  water 
and  the  distillation  repeated.  The  distillate,  which  proved  to  be  free 
from  hydrogen  chloride,  was  then  made  up  to  a  definite  volume  and  the 
formic  add  determined  by  titrating  an  aliquot  part  with  o.i  N  sodium 
hydroxide.  The  Jones^  method  was  also  used,  in  which  the  formic  add 
was  oxidized  to  carbon  dioxide  with  0,1  N  permanganate.  The  two 
methods  agreed  perfectly,  thus  proving  formic  the  only  volatile  add 
present. 

Tablb  II. — Summary  op  Rbsvi«T8  for  Formic  Acid. 


Aaottnt  of 
maltotc. 
Grams. 

Amount  of 

hydrogen 

peroxidt. 

Cc. 

Time  for 

oxidation. 

Days. 

Povmicacid 

by  per- 
manganate. 
Grams. 

Pormk  acid 

by  sodium 

hydroxide. 

Grams. 

Per  cent,  of 

th«or«tical 

yield. 

Per  cent. 
of  total 
weight. 

3.22 

80 

7-10 

1.377 

27.84 

44.90 

3.22 

80 

7-10 

1.336 

1.534 

37.14 

43  «0 

3.22 

160 

14-18 

2.070 

2.065 

42.00 

67.85 

3.22 

l6o 

14-18 

2.007 

2.012 

40.60 

65.55 

3.22 

160 

14-18 

2.047 

41.40 

66.85 

(j)  The  Nonvolatile  Acids.^-ln  the  determination  of  the  nonvolatile 

adds  left  behind  with  the  salt  residue  after  the  distillation  of  formic  add; 

it  was  dedded  to  use  larger  quantities  of  the  materials  in  the  same  pro- 

portion  as  in  the  preliminary  experiments,  in  which  80  cc.  hydrogen 

peroxide  were  used.     Eight  25.76  g.  lots  of  maltose  (equivalent  to  195.77 

g.  of  anhydrous  sugar)  were  thus  set  aside.    In  each  case  the  strength  of 

the  hydrogen  peroxide  was  again  determined  just  before  using  and  come- 

tion  made  so  as  to  keep  the  concentraticm  uniform.    No  change  in  the 

temperatture  or  color  of  the  solution  was  ever  noticed  on  addition  of  thte 

hydrogen  peroxide  solution  to  the  sugar.    There  were  only  ^ght  differ-f 

ences  in  the  time  required  for  complete  oxidation,  the  average  bdng  eleverf 

days.    After  no  reduction  was  shown  with  Pehling's  solution,  the  con^^' 

tents  of  each  flask  were  heated  for  a  half  hour  and  shaken  repeatedly 

with  platinum  black  to  remove  the  excess  of  hydrogen  peroxide.    TheH- 

6%  in  excess  of  the  theoretical  amount  of  hydrochloric  add  was  added, 

and  the  sohition  distilled  at  a  tempemture  of  45^  to  50®  uiider  a  pressure 

'Am.  Chem.  /.,  17,539. 
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of  15-25  nun.  The  residue  in  the  flask  was  dried  at  80^  for  half  an  hour, 
redissolved  in  150  cc.  water  and  again  distilled.  This  process  of  re- 
distillation  was  omtinued  until  the  nonvolatile  adds  were  entirely  free 
from  hydrogen  chloride. 

The  amount  of  formic  add  in  the  filtrate  from  each  lot  was  determined 
by  the  Jones  method,  the  yields  being  as  follows:  13.20  g.,  13.48  g.,  13.70 
g.,  14.19  g.,  13.50  g.,  13.45  gi  13-28  g.,  and  13.67  g.,  respectively.  These 
results  are  nearly  25%  higher  than  those  obtained  with  small  quantities 
of  sugar. 

The  salty  residues  of  add  gum  from  each  lot  of  sugar  were  taken  up  in 
95%  alcohol,  thus  separating  most  of  the  potassium  chloride.  The  95% 
alcohol  residues  from  each  lot  were  then  combined  and  refluxed  with 
absolute  alcohol,  thus  eliminating  more  of  the  salt.  After  filtering  and 
concentrating  somewhat,  the  filtrate  was  left  at  a  low  temperature  for 
twenty-four  hours.  A  Uttle  more  of  the  salt  separated  out,  together  with 
a  small  amount  of  material  which  reduced  Fehling's  solution  and  whidi 
apparently  was  hydrolyzed  sugar. 

The  final  product,  dried  at  75^  and  20  mm.,  wdghed  105  g.,  which  is 
53.6%  of  the  wdght  of  the  sugar  used. 

The  gums,  which  were  slightly  darkened,  were  dissolved  in  five  parts  of 
5%  sulftuic  add  and  heated  on  the  boiling  water  bath  for  ten  hours  under 
the  reflux.  Then  the  theoretical  amount  of  barium  hydroxide,  necessary 
to  remove  the  add,  was  dissolved  in  300  cc.  of  hot  water  and  slowly 
added.  After  heating  on  the  boiling  water  bath  for  another  half  hour 
the  mixture  was  filtered.  On  concentrating  the  solution  to  two  liters, 
the  amount  of  split  off  sugar  was  determined  by  the  Munson  and  Walker^ 
method  and  also  by  the  Fehling  solution  method.  The  results  by  the 
former  in  two  determinations  were  0.3808  g.  and  0.3812  g.  of  cuprous 
oadde.  This  wdght  of  cuprous  oxide  from  8  cc.  of  the  solution  correspooda 
to  178.4  mg.  of  dextrose,  equivalent  to  44.6  g.  of  this  sugar  in  the  2000 
cc.  By  the  latter  method  20  cc.  of  the  sugar  solution  were  diluted  to  100 
cc.  and  11.20  cc.  of  this  were  required  for  10  cc.  of  Pehling's  solution, 
corre^xmding  to  a  total  of  45.0  g.  of  dextrose. 

In  order  to  determine  to  what  extent  dextrose  was  destroyed  during 
the  ten  hours  hydrolysis  with  five  parts  of  5%  sulfuric  add,  an  inde* 
pendent  experiment  was  conducted  in  which  100  g.  of  c.  p.  dextrose 
hydrate  (90.90  anhydrous)  was  refluxed  on  the  boiling  water  bath  ten 
hours  with  500  cc.  of  5%  sulfuric  add.  The  solution  darkened  and 
showed  a  final  content  of  80.12  g.  of  anhydrous  dextrose  (91.43  g.  hydrated) 
or  a  loss  of  8.56%. 

The  solution  was  now  adjusted  so  that  a  few  drops  gave  the  slightest 
predpitate  with  a  2%  solution  of  sulfuric  add,  filtered  and  concentrated 
^  This  Journal,  a8,  663;  ag,  541. 
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to  about  1500  cc.  To  remove  die  dextrose,  the  solution  was  heated 
in  a  boiling  water  bath  with  60  g.  of  calcium  carbonate  for  ten  hours  and 
filtered.  The  filtrate  was  of  a  golden  red  color  and  sjrrupy  odor.  Thirty- 
eight  grams  of  calcium  carbonate  were  filtered  ofif  and  digested  with  5% 
acetic  acid.  An  insoluble  residue  was  left  which  was  dissolved  in  hydro* 
diloric  acid  and  repredpitated  with  ammonia  several  times  until  per- 
fectly white.  This  gave  0.3047  g.  of  calcium  oxalate.  When  dried  to  a 
constant  weight  at  100^  and  anal3rzed  the  following  result  was  obtained: 
0.3047  g.  of  the  salts  gave  on  ignition  0.1168  g«  CaO. 

Calculated  for  CaCs04.H«0:  CaO,  33.89;  found,  38.33. 

The  aqueous  solution  of  lime  salts  and  dextrose  was  then  concentrated 
in  two  hemispherical  evaporating  dishes  on  steam  baths.  Cold  dilute 
alcohol  was  added  with  much  stirring  and  decanted  several  times.  The 
darkened  lime  salts  thus  obtained  were  taken  up  in  water  and  decolorized 
with  animal  charcoal.  On  repetition  of  the  above  process  the  lime  salts 
became  granular  in  appearance  and  so  free  from  sugar  that  0.5  g.  showed 
no  reduction  with  Fehling's  solution.  The  air-dried  lime  salts  weighed 
60.7  g.  and  on  ignition  0.3978  g.  of  calcium  salts  gave  0.0718  g.  or  18.05% 
calcium  oxide. 

The  calcium  was  split  off  by  treating  the  lime  salts  in  a  hot  dilute  solu- 
tion with  a  slight  excess  of  oxalic  add.  After  filtering,  the  aqueous 
solution  was  distilled  under  reduced  pressiu^,  as  usual,  and  the  residue 
dried.  The  thin  syrupy  adds  which  weighed  40.5  g.  dissolved,  with  the 
exception  of  0.3  g.,  in  500  cc.  hot  absolute  alcohol.  This  solution  was 
concentrated  several  times  and  set  aside  in  the  ice  box,  but  no  crystals 
formed.  Finally  it  was  concentrated  to  a  weight  of  80  g.,  representing 
40  g.  of  gums  and  40  g.  of  alcohol.  There  were  now  added  slowly  250 
cc.  of  absolute  ether  with  much  shaking  and  the  whole  mixttue  placed 
in  the  ice  box  over  night.  On  decanting  the  ether  solution  and  distilling, 
30.9  g.  mobile  light  brown  residue,  Fraction  A,  was  obtained.  The 
portion  insoluble  in  absolute  ether  was  darker  and  thicker  and  weighed 
9*1  g.  To  the  latter  was  added  acetic  ether  in  repeated  portions  of  300  cc. 
each,  and  the  mixture  refluxed  till  no  more  of  the  gum  went  into  solution. 
The  acetic  ether  solution  was  concentrated  and  set  away  but  no  crystals 
formed.  Finally  the  ether  was  removed  by  distillation  and  8  g.  of  gum, 
Fraction  B,  obtained.  The  remaining  gum,  Fraction  C,  soluble  in  ab- 
solute alcohol  weighed  0.9716  g. 

Fraction  A. — On  standing  for  some  time  after  careful  drying,  the  entire 
ether  residue  weighing  30.9  g.,  solidified  to  a  homogeneous  mass  of  leafy 
crystals  characteristic  of  glycollic  add.  Its  identity  with  this  acid  was 
established  in  five  different  ways. 

The  melting  point  of  the  crystals  was  found  to  be  80®.^ 
^Nef,  i4»ff.,  357t  223. 
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A  portion  was  carefully  dried  in  a  vacuum  desiccator,  weighed  and 
dissolved  in  water.  A  part  of  this  solution,  equivalent  to  0.2678  g.  of 
crystals,  on  titration  required  34.72  oc.  of  0.1  N  sodium  hydroxide,  or 
64.8  cc.  for  0.5  g.  The  theoretical  amount  required  for  0.5  g.  of  glycoUk 
add  is  65.8  cc. 

To  4.1  g.  of  A  was  added  4  cc.  50%  alcohol  and  7.09  g.  of  phenyl  hy- 
drazine. After  standing  three  or  four  days  at  room  temperature  the 
mixture  suddenly  became  a  mass  of  fine  crystals.  These  were  filtered 
oflf  and  recrystallized  twice  from  30%  alcohol.  Three  and  one-tenth 
grams  of  shiny  hexagonal  plates  with  a  melting  point  of  100^^  were  ob- 
tained. 

Pour  and  six-tenths  grams  of  the  crystals  from  the  residue  A  were 
digested  eight  hours  on  a  boiling  water  bath  with  5  g.  of  quicklime.  An 
excess  of  5  g.  of  calcium  hydroxide  was  filtered  off.  On  concentration 
of  the  filtrate,  3.4  g.  of  crystals  of  calcium  glycoUate  were  obtained  and 
recrystallized.  i.otoo  g.  of  air-dried  salt  lost  on  drying  to  constant 
weight  at  100°  to  120**  0.2838  g.  of  water. 

Calculated  for  Ca(C«HtOs).4HsO:  HiO»  27.48;  found,  28.09. 

The  remaining  0.7266  g.  of  anhydrous  calcium  salt  gave  on  heating 
0.2126  g.  of  CaO. 

Ccdculated  for  Ca(CiHsO0:  CaO,  29.47;  found,  29.27. 

Fotu*  and  five-tenths  grams  of  the  residue  A  on  being  treated  with  an 
excess  of  strychnine  in  the  usual  manner  gave  on  crystallization  8.0  g. 
strychnine  glycoUate  melting  at  185**  to  190^.* 

On  heating  the  strychnine  glycoUate  with  an  excess  of  quickUme  for 
ten  hotu-s  there  was  obtained  3.4  g.  of  calcium  salt.  1.2 125  g.  of  air-dried 
salt  lost  on  being  dried  in  the  air  bath  to  constant  weight  as  above  0.3420 
g.  of  water. 

Calculated  for  Ca(CiH|O«)4.Ht0:  HjO,  27.48;  found,  28.30. 

The  remaining  salt,  0.8705  g.,  gave  on  further  heating  0.2550  g.  of 
CaO. 

Calculated  for  Ca(CsHsOi) : . CaO,  29.47;  found,  29.29. 

Fraction  J5. — ^This  residue  of  8,0  g.  was  diluted  with  water  to  250  cc. 
Ten  cc.  of  this  solution  containing  0.32  g.  of  the  original  gum  was  diluted 
to  100  cc.  and  treated  with  49.8  cc.  o.i  A/'  sodium  hydroxide.  This  was 
heated  for  ten  minutes  on  the  boUing  water  bath  and  the  excess  of  sodium 
hydroxide  titrated  with  0,1  N  hydrochloric  acid.  A  total  of  23.19  cc. 
0,1  N  sodium  hydroxide  was  thus  used  to  neutralize  p.32  g.  of  the  add. 
On  the  basis  of  this  titration,  the  calculated  amount  of  brucine,  25.5  g.» 
was  added  to  the  acid  solution,  together  with  a  smaU  amount  of  alcohol. 

1  Ann.,  357,  233. 

»  Nef,  Ibid.,  357,  238. 
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This  was  digested  on  the  boiling  water  bath  one  hour  after  the  comidete 
solution  of  the  brudne.  On  concentrating  the  solution  uiKler  reduced 
pressure  a  white  precipitate  of  5.1  g.  formed  which  was  filtered  off  and 
proved  to  be  brudne.^  The  water  was  removed  by  distillation  and  the 
residue  taken  up  in  half  its  weight  of  water  and  five  times  its  we^ht  of 
absolute  alcohol,  after  which  seven  crops  of  crystals,  totalling  20  g.,  were 
obtained  as  follows:  5  g,,  1.9  g.,  1.5  g.  and  i  g.  of  transparent  plates, 
mdting  respectively  at  19^-202**,  195-^02  ^  202-205**  and  190®;  8  g., 
1.6  g.  and  1  g:  of  small  cubes  all  melting  at  175°. 

Fraction  C, — This  alcc^ol-soluble  residue  of  0.9716  g»  was  diluted  with 
water  to  100  cc.  and  titrated  as  above.  Ten  cc.  of  the  solution  required 
7.25  cc.  of  0.1  N  sodium  hydroxide*  To  the  remaining  solution  was 
added  the  calculated  amotmt  of  brudne,  2.85  g.  On  taking  1^  the  salts 
in  alcohol  0.2  g.  melting  at  184.^:90^^0^  g.  melting  at  185^  crystallized 
out.  Aft^r  concentration  a  residue  of,  1.5  g.  was  loft  which,  combined 
with  a  corresponding  residue  from  Gum  B,  made  9*5  g.  In  order  to 
convert  this  combined  residue  into  free  brudne  and  add,  sodium  hydroxide 
was  added  on  the  basis  of  one  and  one-hall  molecules  of  sodium  hydroxide 
to  one  molecule  of  the  brudine  salt  of,  an  assumed  fotir-carbon  atom  add. 
Bight  grams  of  brudne  were,  filtered  off.  To  neutralize  the  sodium 
hydroxide  a  slight  excess  of  hydrochloric  add  was  added  and  the  solution 
distilled  to  dryness.  The  salty  residue  was  dissolved  in  water  and  re- 
distilled to  remove  all  traces  of  hydrogen  chloride.  The  add  was  then 
taken  up  in  absolute  alcohol  and,  after  the  removal  of  the  alcohol,  2.05a 
g,  of  gum  were  obtained.  This  residue  was  titrated  as  before  in  a  2% 
solution  and  0.5  g,  was  found  to  require  38.49  cc.  o.i  N  sodiu^n  hydroxick. 

The  lemaining  portion  of  the  solution  was  digested  eight  hours  on  the 
boiling  water  bath  with  3.3  g.  of  quicklime.  The  filtrate  on  standing 
gave  0.7869  g.  of  oystals.  On  heating  these  to  a  constant  weight  0.7245 
g.  was  obtained.  After  ignition  0.1102  g.,  or  10.85%,  of  caldum  oxide 
was  left. 

The  high  melting  salts,  induding  the  first  four  crops  from  B  and  the 
two  small  crops  from  C,  were  combined,  making  9.8  g.  in  all.  Likewise 
the -remaining  low  mdting  salts  from  B  were  combined,  making  10.6  g. 
On  treatment  with  sodium  hydroxide  in  the  usual  way  the  high  melting 
salts  gave  2.4  g.  of  add  gum  and  the  low  mdting  salts  3.2  g.  On  stand* 
ing,  after  having  been  freed  from  absolute  alcohol  by  distillation,  the 
low  mdting  salts  gave  0.52  g.  of  leafy  crystals  resembling  in  appearance 
giycolUc  add  and  mdting  at  79^4  This  was  boiled  with  strychnine,  and 
after  filtering  off  the  excess  gave,  on  concentration,  0*2  g.  of  strychnine 
^ycollate  crystals  mdting.  at  185^,  The  remainder  of  the  solution  of 
this  residue  was  added  to  a  ^milar  residue  from  the  high  melting  salts. 
*  Anderson,  Am,  Chem.  /.,  42,  410  (foot-note)  (11909). 
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The  2.4  g.  of  gum  from  the  low  melting  salts,  on  being  taken  up  in  alcohol 
and  allowed  to  stand  for  some  time,  gave  0.32  g.  of  the  characteristic 
crystals  of  mannonic  lactone  melting  at  150^.  Some  of  this  was  mixed 
with  pure  mannonic  lactone  with  no  change  in  melting  point. 

After  various  futile  attempts  at  identification,  the  r^naining  portion 
from  the  low  melting  salts  was  combined  with  that  from  the  high  melting 
salts,  giving  2.32  g.  An  optical  determination  of  the  latter  gave:  d  « 
1.054;  ^  **  2;  i.  e.,  0.5223  g.  substance  and  25.5927  g.  wato-;  [a]  in  a 
I  dcm.  tube  equals  — 0.70**;  whence  [a]^  «  — ^33.2**.*  Of  the  residual 
gum  0.5  g.  was  found  to  require  37.55  cco.iN  sodium  hydroxide.  With 
quicklime  the  final  portion  gave  0.8364  g.  air-dried,  calcium  salt.  Thi8» 
on  drying  to  constant  weight,  lost  0.0886  g.  or  10.5%  water.  On  ignition 
0.1271  g.,  or  17%  of  CaOJ^was  obtained. 

Summary. 

1.  Saccharinic  add  formation  does  not  take  place  at  room  temperature 
when  maltose  is  treated  with  an  alkaline  solution  of  hydrogen  peroxide 
with  an  alkalinity  of  0.43  N. 

2.  The  ratio  and  nature  of  the  oxidation  products  from  maltose  witii 
alkaline  peroxide  are  quite  different  from  that  of  glucose  with  the  same 
reagent,  a  fact  which  must  be  attributed  to  the  effect  of  the  glucosido 
bond. 

3.  Approximately  half  of  the  maltose  in  the  reaction  mixture  U8ed» 
oxidizes  as  such.  The  remainder  is  apparently  hydrolyzed  before  oxida- 
tion. 

4.  The  formation  of  glucosido  acids  in  the  oxidation  of  maltose  ex* 
plains  why  a  molecule  of  dextrose  requires  2.48  atoms  of  oxygen  by 
Pdiling's  solution  while  the  larger  maltose  molecule  requires  but  2.86 
atoms  with  the  same  reagent. 

5.  The  formation  of  a-  and  /3-{2-isosacdiarinic  adds  from  maltose  tmder 
the  influence  of  mild  alkalies  involves  free  hydroxyl  groups  on.  the  first* 
second  and  third  carbon  atoms  from  the  free  aldehyde  group.  These 
carbon  atoms  are  therefore  eliminated  as  having  taken  part  in  the 
glucosido  bond. 

6.  The  formation  of  relativdy  large  amounts  of  ^-d-glucosidoglycollic 
acid  in  the  oxidation  of  maltose  rather  than  ^-{/-glucosidoglycerinic  add 
indicates  that  the  terminal  or  primary  alcohol  carbon  atom  fimctioi^ 
in  the  glucosido  union  of  the  two  d-glucose  molecules  which  go  to  make 
up  maltose. 

7.  The  formula  of  maltose  is  that  of  a  7-(i-glucosido-d-gluco8e  with  the 
glucosido  union  on  the  primary  alcohol  carbon. 

8.  It  is  probable  that  maltose  under  the  influence  of  alkalies  enters 
into  an  equilibrium  of  the  six  glucosido-hexoses  of  the  glucose  series,  the 

1  Glattfeld,  Am,  Chem,  J,,  so,  150. 
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dissociation  and  oxicfaition  of  whose  intennediate  hexose-dienols  result 
in  the  various  oxidation  products  fotmd. 

This  work  was  originally  undertaken  under  the  mistaken  impression 
that  it  was  a  part  of  certain  problems  on  sugar  oxidations  granted  by  Dr. 
Nef  to  one  of  us  (Lewis)  in  1909.  The  investigation  was  well  under  way 
before  the  error,  fully  acknowledged  here,  was  discovered.  The  results 
are  now  published,  however,  with  the  full  consent  of  Dr.  Nef,  grateful 
recognition  of  whose  generosity  in  the  matter  is  herewith  freely  accorded. 

The  oxidation  products  of  Pehling's  solution  on  maltose  and  on  lactose 
are  now  being  studied  in  this  laboratory  and,  with  their  completion,  the 
authors  will  discontinue,  as  requested  by  Dr.  Nef,  all  research  on  the 
oxidation  products  of  the  sugars  with  inorganic  reagents. 


BRAIN  CBPHALIN;  L  DISTRIBUTION  OF  THE  NITROGENEOUS 
HYDROLYSIS  PRODUCTS  OF  CBPHALIN. 

By  C.  G.  MacAstbus. 
ReceiTod  September  8,  1914. 

The  constitution  of  cephalin  is  uncertain.  Though  the  nature  of  the 
glycerophosphoric  acid  produced  on  hydrolysis  is  fairly  well  established,^ 
the  nitrogenous  substances'  and  the  fatty  acids'  present  are  not  definitely 
known  either  as  to  identity  or  quantity.  .  This  series  of  investigations 
was  started  three  years  ago  in  an  attempt  to  dear  up  these  two  uncer- 
tainties in  the  cephalin  molecule. 

This  paper  considers  the  preparation  of  cephalin,  the  methods  used 
in  determining  quantitatively  its  various  nitrogenous  products  and  the 
data  obtained  by  these  methods. 

Preparation  and  Purification. — ^Fresh  sheep  brains  were  cleaned  care- 
fully, ground  in  a  meat  grinder  with  a  small  amount  of  thymol,  spread 
in  very  thin  layers  on  glass  plates,  and  placed  in  an  air  drier.  By  fre- 
quent turning  the  tissue  dried  in  a  day.  The  dry  material  was  scraped 
off  and  placed  in  a  vacuum  desiccator.  In  some  cases,  instead  of  the 
above  air-drying  method,  the  dehydration  was  accomplished  by  adding 
to  the  tissue  twice  its  weight  of  alcohol  or  acetone  and  filtering  after  a 
day's  standing. 

After  complete  desiccation  the  cholesterol  was  extracted  by  contin- 
uously shaking  the  tissue  with  twice  its  weight  of  acetone.  Two  such 
treatments  of  about  four  hours  each  removed  practically  all  the  choles- 
teroL 

1  Dimitz,  Biochem.  Z.,  ai,  337. 

'  Thudicum,  "Die  chemische  Konstitution  des  Gehims,"  p.  142;  Koch,  Z.  physiol. 
Chem.,  36,  134;  Neubauer  and  Frankel,  Biochem.  Z.,  ai,  321. 

» Cousin,  J.  pharm.  chitn.,  24,  loi  and  35,  177;  Dimitz  and  Frankel,  Biochem.  Z., 
^h  337;  Pamas,  Biochem.  Z.,  aa,  411. 
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The  cholesterol'free  tissue  was  then  similarly  treated  with  benzene. 
This  removed  most  of  the  phosphatids,  among  them  cephalin. 

After  concentrating  the  benzene  solution  the  cephalin  was  precipitated 
by  very  slowly  adding  it  to  twice  the  volxune  of  absolute  alcohol.  The 
precipitate  was  evacuated  and  dried  in  a  calcium  chloride  desiccator. 
On  dissolving  this  material  in  ether,  freshly  distilled  over  calcium  chlo- 
ride, an  insoluble  substance  remained.  Because  it  cannot  be  satisfac- 
torily filtered  or  centrifuged,  it  was  separated  by  allowing  the  ether  to 
stand  in  tall  cylinders  in  an  ice-box.  The  clear  liquid  was  siphoned  o£F, 
concentrated  in  a  vacuum  and  reprecipitated  by  alcohol,  then  dried  as 
before.  This  process  of  solution  in  ether  and  precipitation  with  alcohol 
or  acetone  was  repeated  until  no  insoluble  material  remained.  The 
final  product  was  a  yellow- white  powder  which  will  be  called  cephalin  (o). 

Several  different  procedtu'es  were  used  to  further  purify  the  various 
jJreparations  of  cephalin.  One  lot  was  emulsified  in  water,  filtered  and 
precipitated  by  a- slight  excess  of  hydrochloiic  add.  To  separate  thor- 
oughly, the  liquid  was  centrifuged  and  the  precipitate  washed  by  the 
same  process.  The  procedure  was  repeated  and  the  substance  then  dried 
in  a  vacuum  desiccator.  On  powdering,  a  brownish  yellow,  slightly  sticky, 
hydroscopic  material  resulted.     This  will  be  referred  to  as  cephalin  (i). 

In  purifying  another  preparation,  the  watery  emulsion  was  salted  out 
by  sodium  sulfate,  the  precipitate  washai,  and  the  process  repeated. 
Finally  the  cephalin  was  dissolved  in  ether,  precipitated  with  acetone 
and  evacuated.  This  product  had  a  similar  appearance  to  that  of  (r). 
This  win  be  called  cephalin  (2). 

Another  method  used  was  to  shake  the  watery  emulsion  in  a  separa- 
tory  funnel  with  redistilled  ether.  The  ether  layer  was  dehydrated 
with  anhydrous  sodium  sulfate  and  precipitated  with  acetone.  After  a 
repetition  of  this  process  and  a  desiccation  oi  the  product  it  was  slightly 
darker  than  either  of  the  first  two  preparations;  it  will  be  designated  as 
cephalin  (3). 

The  method  least  open  to  objection  is  a  reprecipitation  of  the  ether  or 
benzene  or  petroleum  ether  solution  a  large  number  of  times  by  alcohol 
or  acetone.  The  solvent  is  changed  each  time,  as  is  also  the  precipitating 
agent.  A  better  and  more  rapid  purification  is  obtained  by  adding  the 
solution  slowly  with  continuous  stirring  to  the  alcohol  or  acetone.  This 
cephalin  is  a  light,  yellowish  white,  hydroscopic  powder  (4). 

By  choosing  an  amount  of  alcohol  (95%)  or  acetone  not  quite  sufficient 
to  produce  a  complete  precipitation,  a  partial  separation  of  the  more 
soluble  cephalin  occurs.  One  lot  of  cephalin  (4)  which  had  been  pre- 
cipitated three  times  was  put  through  this  partial  separation.  The  first 
four  fractions  remaining  dissolved  were  united  and  carefully  evaporated 
to  a  light  brownish,  waxy,  non-iK)wderable  material,  to  be  calledjoephalin 
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(5).  The  next  four  fractioiis  were  tieaEted  siimlaily,  but  gave  a  yellow^ 
hard»  powderable  pn^>aration  (6).  The  residue  iidiich  had  been  pre- 
cipitated twelve  times  was  brittle,  lig^t  brown,  and  not  sticky.  This 
should  be  very  pure  oephafin.    It  will  be  referred  to  as  preparation  (7). 

These  seven  products  differed  but  little  in  their  nitrogen  and  phos- 
phorus content.  Many  nitrogen  analyses  gave  an  average  of  1.60%. 
The  phosphorus  was  never  far  from  3 .  65%. 

QuantiicUive  Methods  and  Data, — ^After  trying  out  the  various  adds 
and  alkalies  used  for  hydrolysis,  it  was  found  that  the  best  results  were 
obtained  with  1%  hydrochloric  add.  Three  grams  of  cephalin  were 
hydrolyzed  by  boiling  for  twenty  hours,  cooled  and  filtered.  The  nitro- 
gen in  the  fatty  add  residue  was  determined  by  the  usual  combustion 
method  and  called  residue  nitrogen.  The  filtrate,  after  careful  evapora- 
tion to  dr3mess,  was  repeatedly  extracted  with  absolute  alcohol.  The  in- 
soluble material  contained  nitrogen  as  ammonium  chloride.  This  was 
determined  and  labeled  aUohol-insoluble  nitrogen.  The  alcohol  solution 
was  predpitated  by  alcoholic  chloroplatinic  add.  This  predpitate  was 
found  to  be  ammonium  chloroplatinate,  and  so  the  nitrogen  in  it,  when 
added  to  the  aloohcA-insoluUe  nitrogen,  would  be  ammonia  nitrogen.  To 
distinguish  between  these  two  determinations,  the  nitr(>gen  in  the  plat- 
inum predpitate  will  be  labeled  platinum  nitrogen.  After  removing^  the 
excess  of  platinum  by  hydrogen  sulphide  the  above  filtrate  was  evapo- 
rated to  dryness  and  taken  up  in  water.  It  was  made  slightly  alkaline 
with  sodium  carbonate  and  mercuric  acetate  was  added  as  long  as  a  pre- 
dpitate formed  while  keeping  the  solution  alkaline  with  the  sodium 
carbonate.^  An  equal  volume  of  alcohol  was  added  and  the  solution 
filtered.  The  nitrogen  in  the  predpitate  was  labeled  mercury  precipitate 
nitrogen,  that  in  the  filtrate  mercury  filtrate  nitrogen.  The  precipitate 
has  been  fotmd  to  be  amino  add  and  amino  alcohol,  the  filtrate  mostly 
amino  alcohol,*  the  latter  being  but  partly  predpitated  as  the  mercury 
compotmd.    Two  of  many  analyses  by  this  method  follow: 

Imptare  cephalin  (0).  CephaUn  (1). 

Residue  nitrogen 0.53  0.25 

Alcohol-insoluble  nitrogen o .  05  /  o .  1 1  ? 

„  ^.           ._.  >o.2o  >o.25  ammonia  nitrogen 

Platinum  nitrogen 0.15 J  0.14J 

Mercury  precipitate  nitrogen . .     o .  66  o .  89 

Mercury  filtrate  nitrogen 0.15  0.22 

Total  nitrogen i  .54  i .  5 1 

Many  attempts  were  made  to  reduce  the  amount  of  nitrogen  in  the 
residue.    Seventy-five  hoiu^*  hydrolysis  in  dilute  add  or  alkali  did  not 

»  Neuberg  and  Kerb,  Biochem.  Z.,  40,  498. 

'  A  later  publication  of  this  series  describes  the  finding  of  these  two  compounds. 
See  also  Bauman,  Biochem.  Z.,  54,  30  for  the  finding  of  amino  alcohol. 
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lower  it,  nor  did  twenty  hours  in  io%  sulfuric  add  or  io%  potassitisi 
hydroxide.  It  was  not  reduced  by  alcoholic  hydtochloric  add.  It  seems 
to  be  a  constant  quantity  of  any  preparation  of  cephalin.  During  purifica- 
tion the  amount  is  low^^  to  a  definite  limit,  beyond  which  further  treat- 
ment does  not  reduce  it.  An  unpurified  cephalin  (o)  gave  0.53%  resi- 
due nitrogen,  but  after  purification^  as  cephalin  (2),  this  became  0.28%. 
Results  of  a  similar  nature  have  been  obtained  for  brain  ledthin,  heart 
cuorin,  and  heart  ledthin.^  All  give  a  part  of  the  nitrogen  in  the  residue. 
Another  method  of  studying  the  nitrogen  distribution  was  worked 
out  which  was  fotmd  more  satisfactory  than  the  above.  After  the  hy- 
drolysis of  the  cephalin  in  i%  hydrochloric  add  for  twenty  hours  the 
fatty  adds  were  filtered  off  and  the  filtrate  v^ry  slowly  and  carefully 
evaporated  to  dryness.  The  residue  was  taken  up  in  water  made  slightly 
alkaline  with  potassium  carbonate  or  hydroxide,  and  air  passed  several 
hours  to  drive  off  the  ammonia,  which  was  collected  in  standard  add.* 
The  solution  was  then  made  slightly  acid  with  hydrochloric  add  and 
carefully  evaporated  to  dryness,  taken  up  in  water  and  made  to  25  cc. 
in  a  measuring  flask.  In  10  cc.  the  total  amino  nitrogen  was  estimated 
by  the  amino  apparatus.*  A  5  cc.  portion  was  used  for  the  determina- 
tion of  the  amino  add  nitrogen  by  the  copper  method.^  The  nitrogen 
in  the  other  10  cc.  was  estimated  by  combustion.  This  gives  the  total 
nitrogen  in  the  filtrate  from  the  fatty  adds  and  is  a  control  on  the  total 
amino  nitrogen.  Several  t3rpical  anal3rses  by  this  method  are  given  be- 
low: 

Ccphidlii  (7). 

CephaUn  (4). » — ^ • 

Per  cent.  Per  oeat         Per  cent. 

Residue  nitrogen 0.21  0.25  0.27 

Ammonia  nitrogen 0.21  0.22  0.21 

Amino  acid  nitrogen 0.39  0.70  o. 73 

Amino  alcohol  nitrogen  (by  diff.) o. 79  o . 40  o . 40 

Total  amino  nitrogen i .  18                 i .  10  i .  13 

Total  filtrate  nitrogen 1.20                (1.18)  1.18 

Total  nitrogen 1.60  1.57  1.61 

In  this  table  it  will  be  noticed  that  the  residue  nitrogen,  the  ammonia 
nitrogen,  and  the  total  amino  nitrogen  are  nearly  constant  in  the  differ- 
ent preparations,  but  that  the  amotmts  of  amino  add  and  amino  alcohol 
nitrogen  vary  largely.  To  find  out  whether  this  might  not  be  due  to 
cephaJin  being  a  mixtm-e,  an  attempt  was  made  to  partially  separate 
the  two  fractions.    This  was  done  as  described  above  for  the  preparations 

»  See  a  later  article  for  data.    See  MacLean,  Biochetn.  J.,  4,  38  and  240. 

«  Denis,  /.  Biol.  Chem.,  8,  427. 

» Van  Slyke,  Ibid.,  12,  275. 

*  Kober,  This  Journal,  35,  1546. 
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d  cephalins  (5),  (6),  (7).  It  will  be  seen  from  the  aemnpanymg  tablft 
that  the  axuiDo  aloohd  content  is  larger  in  the  more  soluble  portions, 
while  the  amino  add  increases  in  the  more  insoluble  part. 

Ceiihaliii  (0.  4).    Ccphidin  (5).     Cephalia  (6).      CflphftUn  (7). 
Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Amino  alcohol  nitrogen 0.82  0.82  0.87  0.38 

Amino  acid  nitrogen 0.32  0.25  0.22  0.74 

Cephalin  (o,  4)  is  a  sample  partially  purified  according  to  the  cephalin 
(4)  method.  It  was  probably  similar  to  the  preparation  from  which 
cephalins  (5),  (6)  and  (7)  were  derived. 

With  the  ptuification  of  cephalin  (7)  the  per  cent,  of  amino  add  con- 
stantly increased.  After  the  first  treatment  there  was  0.46%  nitrogen 
in  this  form.  Later  in  the  process  this  became  0.64%  and  finally  0.73%. 
This  last  value  is  not  a  final  one.  It  simply  indicates  the  extent  of  the 
separation. 

Conclusions. 

It  may  be  conduded  from  the  above  data  that: 

1.  There  is  ndther  choline  nor  netuine  in  cephalin. 

2.  Cephalin  has  its  nitrogen  in  four  forms:  These  are  residual  nitro- 
gen»  about  0.20%;  ammonia  nitrogen,  about  0.20%;  amino  alcohol 
nitrc>gen»  0.80%;  and  amino  add  nitrogen,  0.40%.  These  are  values 
for  a  typical  pure  product. 

3.  Ordinary  cephalin  is  probably  made  up  of  at  least  two  cephalins, 
one  containing  a  large  percentage  or  all  its  nitrogen  as  amino  alcohol,  the 
other  having  the  larger  amount  of  its  nitrogen  as  amino  add. 

I  wish  to  express  my  indebtedness  to  the  late  Waldemar  Koch  for  his 
suggestion  of  this  line  of  work  and  for  his  valuable  advice  during  the  fiirst 
months  of  the  investigation.  I  am  also  indebted  to  Professor  A.  P. 
Matthews  for  suggestions  during  the  progress  of  this  work. 

LASOKATOSZM  OV  BlO-CmMISTKy  OP  TH8 

Umvsumis  ow  Chxcaoo  and  Iixxnois. 


[CHsmcAL  Section,  Iowa  Agricx7I«turai.  Exphiumbnt  Station.] 
CHBMICAL  CHANGES  DURING  SILAGE  FORMATION. 

By  Rat  B.  Nsioio. 
Received  September  4.  1914. 

Introductory. 
Studies  on  the  volatile  aliphatic  acids  and  the  lactic  add  in  com  silage 
have  been  reported  in  previous  publications.^  It  was  shown  that  both 
nonvolatile  and  volatile  acids  are  present  in  considerable  amount,  and 
occur  in  the  ratio  of  about  four  parts  of  the  former  to  three  of  the  latter. 
The  prindple  volatile  adds  were  acetic  and  propionic,  these  being  pres- 
1  Dox  and  Nddig,  Iowa  4V'  Exp.Sta,  Research  Bulletins  7  and  zo. 
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^t  in  tlie  pnoportioii  of  about  ten  to  one.  The  nonvolatile  add  was 
found  to  be  lactic  acid.  In  the  thxiee  types  of  silos  examined  very  little 
difference  was  noted  in  the  above  ratios. 

The  results,  thus  far  reported,  deal  principally  with  the  composition 
of  silage  at  various  periods  subsequent  to  the  fermentation.  The  imi- 
formity  of  the  successive  samples  throughout  the  feeding  season  seems 
to  indicate  that  whatever  changes  occur  after  the  early  period  of  silage 
formation  are  of  only  minor  importance.  Chemical  changes  taking  place 
during  the  fermentation  period  were  not  discussed  at  any  length  in  the 
previous  reports.  It  is  known,  of  course,  that  the  freshly  cut  com  con- 
tains soluble  sugars  and  very  little  acid,  whereas  the  silage  made  from  it 
contains  considerably  less  sugar  but  an  abundance  of  add.  It  is  reason- 
able to  assume,  therefore,  that  the  acidity  of  silage  is  developed  at  the 
expense  of  the  sugar.  The  mechanism  of  the  process  has  not,  however, 
been  satisfactorily  explained.  Babcock  and  Russell,^  of  Wisconsin, 
attribute  the  formation  of  silage  mainly  to  intramolecular  respiration  of 
the  green  plant  cells  and  regard  bacterial  activities  as  only  of  secondary 
importance.  Russell,*  of  Rothamstead,  and  Hart  and  Willaman,*  of  Wis- 
consin, still  maintain  this  view.  On  the  other  hand,  Esten  and  Mason^ 
find  yeasts  and  lactic  acid  bacteria  in  silage  in  such  enormous  numbers 
that  their  chemical  activities  cannot  be  disregarded. 

It  is  already  known  that  the  acidity  of  silage  practically  reaches  its 
maximum  in  less  than  three  weeks.  Esten  and  Mason  observed  a  still 
more  rapid  fermentation,  most  of  the  acid  having  developed  in  the  first 
seven  days,  with  only  a  slight  increase  thereafter.  It  is  evident,  there- 
fore, in  order  to  follow  the  chemical  changes  that  constitute  silage  forma- 
tion, samples  must  be  examined  at  frequent  intervals  during  the  two 
weeks  immediately  following  the  time  of  filling  the  silo.  The  work  de- 
scribed in  this  paper  represents  a  series  of  observations  made  upon  the 
contents  of  three  distinct  types  of  silos  dimng  the  actual  process  of  the 
silage  formation. 

Investigations  upon  the  hollow  day  tile  silo  and  the  wooden  silo  were 
conducted  in  the  fall  of  19 12.  These  silos  have  been  described  in  the 
work  already  mentioned.  The  third,  a  concrete  silo  of  momdithic  type, 
is  forty  feet  high  and  fourteen  feet  in  diameter.  Investigations  on  this 
silo  were  conducted  during  the  fall  of  19 13. 

Methods. 

The  determinations  made  upon  the  fermenting  silage  indude  the  fol- 
lowing: redudng  sugars  both  before  and  after  inversion,  volatile  add, 

^  Babcock  and  Russell,  Wisconsin  Annual  Report,  1900. 

*  RusseU,  J.  Agr.  Set.,  2,  392-410. 

»  Hart  and  Williman,  This  Journal,  34,  1619-25. 

*  Esten  and  Mason,  Storrs  Agr.  Exp.  Sta.  Bull.  No.  70. 
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lactic  acid,  alcohol,  and  analyses  of  the  gas  from  the  interior  of  the  silo. 
Temperatures  of  the  silage  were  also  taken  in  the  silos.  As  in  the  pre- 
vious work,  the  samples  of  silage  were  taken  by  means  of  an  auger,  sub- 
jected to  a  pressure  of  350  kg.  per  sq.  cm.  and  the  juice  thus  obtained 
was  used  for  the  analytical  determinations. 

Deierminaiion  of  Sugar. — ^To  100  g.  of  the  juice,  15  cc.  of  a  solution  of  neutral  lead 
aoetate  were  added,  the  vc^ume  made  up  to  250  cc.  and  the  solution  filtered.  Of  the 
filtrate,  200  cc.  were  treated  with  just  sufficient  anhydrous  sodium  carbonate  to  pre- 
cipitate the  lead,  and  the  solution  again  filtered.  Duplicate  portions  of  25  cc.  of  this 
filtrate  were  used  for  the  sugar  determinations  by  Allihn*s  method.  For  the  determina- 
tion of  reducing  sugars  after  inversion,  50  cc.  of  the  lead-free  solution  were  mixed  with', 
5  cc.  concentrated  hydrochloric  acid,  allowed  to  stand  24  hours,  then  neutralized  and 
diluted  to  100  cc.  The  reducing  sugar  in  25  cc.  of  this  solution  was  determined  as  [ 
above.    Cuprous  oxide  was  weighed  directly  and  calculated  as  glucose  in  both  cases. 

Peterminaiian  of  Volatile  Acids. — Volatile  acids  were  determined  by 
the  Dudaux  method  as  in  the  method  cited.  ^  The  Dudaux  fractionation 
was  made  upon  one-half  of  the  solution,  after  removal  of  the  barium  sul- 
fate instead  of  first  distilling  into  two  fractions  and  making  separate  titra- 
tions and  calculations.  On  accotmt  of  the  great  preponderance  of  acetiC' 
add,  very  little  is  accomplished  by  this  preliminary  fractionation,  while 
the  calculation  is  rendered  still  more  laborious. 

Determination  of  Lactic  Acid, — After  removing  the  volatile  acids  by 
distilling  with  steam  under  reduced  pressine,  lactic  add  was  determined, 
as  in  the  previous  work,  by  extracting  the  residue  with  ether  and  ays-* 
talfizing  out  the  zinc  salt.  Observations  were  then  taken  with  the  polari- 
scope  to  determine  the  optical  activity  and  the  zinc  salt  was  identified 
by  determining  the  percentage  of  zinc  oxide  present. 

DetermiruUion  of  Alcohol, — 100  g.  of  the  silage  juice  were  neutralized  with  sodium  hy- 
droxide, transferred  to  a  200  cc.  distilling  flask  and  distilled  from  a  glycerol  bath.  The 
voliune  of  the  distillate  collected  in  each  case  was  73  cc  This  was  diluted  to  100  cc. . 
and  50  cc.  were  transferred  to  a  300  cc.  flask  and  boiled  for  15  hrs.  under  a  reflux  con- 
denser with  5  g.  chromic  acid  and  5  cc.  concentrated  sulfuric  acid.  The  volatile  acids 
resulting  from  the  oxidation  of  the  alcohols  were  distilled  with  steam  tmtil  a  distillate 
of  I  Uter  was  collected.  This  was  titrated  with  o.i  iV  barium  hydroxide,  using  phenol- 
phthalein  as  an  indicator.  The  acid  was  calculated  as  acetic  acid  and  recalculated  to 
ethyl  alcohol. 

Gas  Analysis. — ^A  brief  description  of  the  apparatus  used  for  obtaining 
samples  of  gas  from  the  interior  of  the  silo  will  be  given  here..  A  one* 
half  inch  galvanized  pipe  was  inserted  vertically  from  the  bottom  of  the 
sdo,  at  the  center,  extending  to  a  height  of  about  ten  feet.  At  the  upper 
end,  a  two*foot  piece  of  one-inch  pipe  containing  munerous  small  holes 
was  attadied.  The  lower  end  was  extended  along  the  floor  and  up  the 
side  to  a  height  of  about  six  feet  and  then  protruded  through  the  wall> 
a  stopcock  being  fitted  to  the  end.  The  entire  length  of  pipe  was  given 
*  Research  Bulletin  No.  7,  Iowa  Agr.  Exp.  Station. 
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a  thin  coat  of  shellac  on  the  inside.  The  purpose  of  inserting  the  pipe 
vertically  from  the  bottom  of  the  silo  was  to  prevent  any  interference 
with  the  normal  settling  of  the  silage.  The  above  described  apparatus 
was  installed  in  the  three  silos,  constructed  of  hollow  day  tile,  wooden 
staves,  and  concrete,  before  filling. 

Samples  of  gas,  representing  in  each  case  the  gas  from  the  center  of  the 
silo  at  a  height  of  about  twelve  feet  from  the  bottom  were  obtained  by 
means  of  an  aspirator. 

The  analysis  was  made  in  an  Orsatt  gas  appcu-atus.  100  oc.  of  the  gas  were  meas- 
ured into  the  buret,  then  transferred  to  the  pipet  containing  the  potash  solution  (i  port 
KOH  to  2  parts  HtO)  and  allowed  to  remain  there  ten  minutes,  the  operation  betng 
repeated  in  order  to  insure  complete  absorption  of  the  carbon  dioxide.  The  gas  was 
then  transferred  to  the  buret  and  the  decrease  in  volume  noted.  This  decrease  represents 
carbon  dioxide.  The  contents  of  the  buret  were  now  transferred  to  the  pipet  containing 
alkaline  pyrogallol  solution  (i  part  25%  pyrogallol  solutioo  to  6  parts  60%  KOH)  and 
subjected  to  the  same  manipulation  as  before.  The  lott  in  volume  represents  peroenlage 
of  oxygen.    The  residual  gas  consists  chiefly  of  nitragen. 

Temperature  Observations. — ^The  apparatus  used  in  obtaining  the  tern- 
perattu-e  of  different  parts  of  each  silo  at  frequent  intervals  consisted 
of  a  portable  indicator  and  twelve  electric  thermometers,  each  connected 
"with  15  feet  of  insulated  wire.  Pour  of  the  thermometers  were  buried 
in  each  silo  at  the  time  of  filling,  about  fifteen  feet  from  the  top.  The 
position  of  the  thermometers  in  each  silo  was  the  same;  one  at  the  center, 
one  at  the  outside  edge  next  to  the  stio  wall,  and  the  remaining  two  on  a 
direct  line  with  the  two  former  thermometers  in  such  a  position  that  they 
were  equidistant  from  each  other  and  the  center  and  outside  thermom- 
eters. When  readings  were  desired  each  thermometer  was  connected 
with  the  indicator  and  on  passing  an  electric  current  through  the  appara- 
tus, the  temperatm-es  were  read  directly  in  degrees  Fahrenheit  cm  the  in- 
dicator scale.  The  temperatm-e  observations  on  the  wooden  stave  and 
hqllow  day  tile  silos  were  taken  a  year  later  than  the  chemical  studies 
on  these  two  silos,  yet,  for  the  sake  of  comparison,  they  are  included  in 

this  paper. 

Experimental. 

Wooden  Stave  SUo. — ^The  wooden  stave  silo  was  filled  Sept.  23,  1912, 
witii  Reed's  yellow  dent  com.  The  stalks  were  somewhat  green  and 
the  com  well  dented  in  the  ear.  Water  was  added  to  the  top  of  the  silo 
immediately  after  filling.    The  analytical  restdts  are  shown  in  Table  I. 

Hollow  Clay  Tile  SHo. — ^The  hollow  day  tile  silo  was  filled  September 
27,  1912.  The  com  was  Reed's  3rellow  dent,  somewhat  riper  in  ap- 
pearance and  contained  less  moisture  than  that  put  in  the  wooden  stave 
silo.  No  water  was  added  to  this  sUo.  The  first  sample  was  taken  on 
the  day  of  filling  and  represents  the  fresh  com  juice.  Samples  2  and  3 
were  taken  Sept.  28  and  29,  respectively.    Owing  to  the  small  amounts 
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Tabus  I. 

Analjflto  of  100  g.  ■Uag*  jtslce. 


Om  MMljiia. 


I 

3 

3 
4 
5 
6 
7 
8 
9 
10 
II 


i 
I 

m 


i 

I 


Snnn 
cftlcoUtcd 


<  A  m         > 

Volatile  and  non-vdatile  adds  were 
separated  in  the  first  two  samples. 

2  67.6  0.4178  0.0166  0.0039  0.0044  0.4427 

3  65.1  0.5152  0.0374  0.0000  0.0000  0.5526 

4  66.0  0.5090  0.0476  0.0000  0.0000  0.5566 

5  64.7  0.5348  0.0444  0.0000  0.0000  0.5792 

6  66.5  0.5624  0.0446  0.0000  0.0000  0.6070 

7  67.6  0.6482  0.0448  0.0000  0.0000  0.6930 

8  67.5  0.5976  0.0414  0.0000  0.0000  0.6390 

9  65.3  0.7488  0.0520  0.0000  0.0000  0.8008 
10  68.3  0.5182  0.0538  0.0000  0.0000  0.5720 

12  II  67.2  0.5598  0.0698  0.0000  0.0000  0.6296 

13  17  65.6  0.5890  0.0612  0.0000  0.0000  0.6502 

14  23  65.2  0.5932  0.0726  0.0000  0.0000  0.6658 

^  Calculated  as  ethyl  alcohol. 


not 

0.7565 
0.8807 
0.6404 
0.6560 
0.7698 
1.0070 
0.5680 
1.2270 
0.9857 
1.0020 
1. 61 70 
1.4980 


.ae 

i| 

si 

^1 

r 

r 

2.570 

5.1960 

3.680  4.5160 

2.574 

2.7840 

1.760 

1.7600 

2.018 

2.050 

ii 

2.436 

1.842 

m       *8 


0.01  14 
O.X6  45.0 
0.39  664 
a32  68.0 
0.29  52.0 
0.25  50.0 
0.20  55.0 
0.30  55.0 
0.31  55.0 
048  56.0 
0.X9  46.0 
0.24  33.8 
0.37  324 
0.31  30.7 


I 

x8.o 
i.o 
1.4 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
trace 
trace 


of  acidity,  the  volatile  acids  were  not  detennined  by  the  Dudaux  method 
in  these  samples  but  simply  calculated  as  acetic  add.  The  analytical 
results  follow: 

Tablb  II. 

Anolyib  of  100  g.  silage  joke. 


I  i 


3 

ii 


i 

i 


I 


1 

I 

1* 


Sogan 
calculated 
atglucoee. 


X    o  64.3  Volatile  adds  were  not  sep-  0.0310*  0.160  2.552 

2  I  62.0      arated  in  the  first  three  o.ioSo*  0.287  4-970 

3  3  65.5      samples.  0.1x70*  a224  4.493 

4  3  64.0  0.X472  0.0092  0.0017  0.002  0.1601    0.342  4.334 

5  4  57-9  0.2700  0.0281  0.0000  0.000  0.2981    0.289  3-354 

6  5  63.1  0.3400  0.0392  0.0000  0.000  0.3792    0.544  3.248 

7  6  61.2  0.3416  0.0354  0.0000  0.000  0.3770    0.569  2.840 

8  7  58.8  0.4026  0.0419  0.0000  0.000  0.4445    0.799  3.260 

9  8  60.9  04x83  0.0436  0.0000  0.000  0.4618    0.646  2.280 

10  10  634  0.3972  ao458  0.0000  0,000  04430    0.92 X  X.640 

11  X2  62.3  0.4742  0.0578  0.0000  0.000  0.5320    1. 108  X.050 

12  19  58.5  0.5048  0.0524  0.0000  0.000  0.5572    1.340  1.226 

*  Calculated  as  ethyl  alcohol. 

*  Calculated  as  acetic  acid. 
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Concrete  Silo. — ^The  concrete  silo  was  filled  September  15,  1913,  with 
Reed's  yeflow  dent  com.  The  com  was  well  dented  and  quite  dry  owing 
to  a  lack  of  rain  previous  to  filling  the  silo.  Water  was  added  to  the  top 
of  the  silo  on  the  morning  of  September  20th.  After  thoroughly  soaking 
the  top  of  the  silage  oats  were  sown,  which  soon  sprouted  and  formed  a 
thick  matted  covering  over  the  stuface  of  the  silage.  No  separation  oi 
the  volatile  acids  by  the  Dudaux  method  was  made  from  the  samples 
of  silage  from  this  silo.  The  total  volatile  adds  were  calculated  as  acetic 
add.    The  anal3rtical  results  are  shown  in  Tables  III  to  VI. 

Table  III. 
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0.0144 

0.0000 

4.852 

9.038 

0.02 

63.0 

I.O 

2 

.        I 

60.5 

0.0426 

trace 

7. 411 

8.942 

0.20 

73.0 

0.0 

3 

2 

61.2 

O.I9I4 

0 . 2930 

7.406 

8.184 

6.26 

87.0 

o.o- 

4 

3 

58.6 

0.2802 

0.5094 

6.859 

7.089 

0.24 

80.5 

0.0 

5 

4 

60.3 

0.3948 

0.6264 

6.899 

7.004 

0.19 

82.5 

0.0 

6 

5 

6a. 0 

0.4612 

0.7436 

5.506 

5.573 

0.30 

75. 0 

o.o- 

7 

6 

61,7 

0.5680 

0.9750 

4.373 

0  "O 

0.22 

68.0 

0.0 

8 

7 

63.4 

0.6060 

I .0115 

4.070 

.2  ^ 
w  9 

0.27 

66.0 

0.0 

9 

8 

633 

0.6660 

1.3452 

3.206 

2  c 

.5  '^ 

0.38 

65.0 

0.0 

10 

10 

645 

0.7032 

1.1719 

3.370 

a  g 

0.30 

56.0 

0.0 

II 

14 

65.5 

0.7176 

I  2356 

2.736 

^M 

0.33 

54.0 

o.a 

12 

21 

65.6 

0.7368 

I  4053 

2.558 

^^ 

0.37 

40.5 

o.o^ 

»  Calculated  as  acetic  add. 

*  Calculated  as  ethyl  alcohol. 

Discussion. 
Before  taking  up  the  discusaon  of  the  results  obtained  from  the  fore- 
going investigation  on  silage  formation  in  the  three  types  of  silos,  a  few 
preliminary  remarks  concerning  the  scope  of  the  work  are  given  for  the 
benefit  of  the  reader.  Several  factors  enter  into  the  work  which  exert 
a  decided  influence  upon  the  amounts  of  chemical  products  formed  in  the 
silo  and  therefore  must  be  reckoned  with  in  the  discussion  of  the  results. 
Two  of  the  chief  factors  are  the  matiuity  and  moisture  content  of  the  com. 
It  is  known  that,  the  more  immature  the  com,  the  greater  the  amount 
of  acid  produced.  Differences  in  maturity  also  show  differences  in  the 
sugar  and  moisture  content  and,  as  acids  are  formed  chiefly  at  the  expense 
of  the  sugars,  it  is  evident  that  any  differences  in  the  maturity  of  the  com 
would  materially  effect  the  quantities  of  the  chemical  products.  Since 
the  three  silos  were  not  filled  with  com  of  uniform  maturity  and  water 
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ifas  added  to  two  of  the  silos»  the  results  will  not  be  compared  quanti- 
tatively bat  the  general  ratio  of  the  chemical  products  wfll  be  used  for  the 
basis  of  the  discussion  and  the  merits  of  the  three  types  of  silos  fliscussed 
frcan  this  viewpoint. 

A  compcuison  of  the  sugar  determinations  shows  that  in  each  case  the 
Juice  from  the  green  plant  contains  about  equal  amotmts  of  reducing  sugar 
and  non-reducing  st^ar.  The  latter  may  be  considered  sucrose.  Dining 
the  first  two  days  after  filling  the  silo,  the  most  noticeable  diange  is  the 
inversion  of  the  sucrose.  When  the  sugar  determinations  before  and 
after  inversion  coincided,  the  inversion  was  considered  complete  and  no 
further  determinations  were  deemed  necessary.  The  rate  of  inversion 
was  not  the  same  in  the  three  silos,  the  wooden  silo  requiring  three  days, 
the  hoUow-day  tile  silo  foiu-  and  the  concrete  silo  five  days.  No  signifi- 
cance, however,  can  be  attached  to  these  differences,  inasmuch  as  the  chem- 
ical changes  vary  at  the  same  rate.  The  inversion  of  sucrose  is  probably 
due,  to  the  greater  extent,  to  the  enzyme  sucrase.  Adds,  likewise,  faring 
about  the  hydrolysis  of  sucrose,  but  their  effect  in  this  instance  is  prac- 

TaBLB  rV. — TSMPERATUftB  READINGS. 

Wooden  Stave  Silo  Nled  Sept.  13,  1913. 
Readings  of  thermometers  placed 


Time  of 
reading. 

at  center. 

Degrees 

Fahrenlieit. 

t«B  feet  from 

at  waU. 
Degrees  P. 

Temperature 

Date  of 
reading. 

canter. 
Degrees  F. 

wait 

atmosphere. 
Degrees  P. 

Sept.  13* 

8.00  A.M. 

80 

80 

76 

Sept.  14 

7.00  A.M. 

80 

77 

66 

Sept.  15 

7.00  A.M. 

77 

77 

65 

Sept.  16 

7.45  A.M. 

76 

76 

87 

74 

65 

Sept.  17 

7.00  A.M. 

76 

76 

87 

70 

65 

Sept.  18 

7.00  A.M. 

78 

78 

87 

66 

Sept.  19 

8.00  A.M. 

78 

78 

87 

66 

64 

Sept.  20 

7.45  A.M. 

80 

80 

87 

60 

48 

Sept.  21 

7.45  A.M. 

80 

80 

87 

54 

43 

Sept.  22 

8.30  A.M. 

81 

81 

86 

47 

47 

Sept.  23 

7.30  A.M. 

81 

81 

86 

56 

49 

Sept.  24 

7.30  A.M. 

82 

82 

86 

66 

66 

Sept.  25 

7.45  A.M. 

83 

82 

84 

58 

49 

Sept.  26 

7.45  A.M. 

83 

82 

83 

48 

45 

Sept.  27 

2.00  P.M. 

84 

83 

83     ' 

60 

72 

Sept.  28 

5.15  P.M. 

84 

83 

82 

61 

60 

Sept.  29 

5.00  P.M. 

84 

83 

82 

66 

65 

Sept.  30 

4.45  P.M. 

84 

84 

81 

66 

70 

Oct.      I 

5.00  P.M. 

85 

84 

81 

68 

76 

Oct.     2 

3.30  P.M. 

85 

84 

80 

66 

76 

Oct.     3 

2.30  P.M. 

86 

84 

80 

68 

83 

Oct.     4 

2.40  P.M. 

86 

84 

80 

63 

66 

Oct.      6 

11.30  A.M. 

85 

84 

79 

67 

81 

^  Water  was  turned  on  top  of  silo  at  8.30  p.m.  and  allowed  to  flow  all  night. 


Digitized  by  VjOOQIC 


3406  JUY  B^  NSIDZ6. 

ticaUy  negligible  for  the  teasoa  that  oigaaic  adds  axe  weak  catafyaefs 
and,  at  this  early  period  of  silage  formation,  are  present  only  in  small 
amounts.  Although  it  is  not  possiUe  to  state  the  exact  source  of  the 
enzyme,  sucrase  is  known  to  be  present  in  the  com  plant  itself,  and  it  is 
also  a  product  of  numerous  microorganisms  including  bacteria,  yeasts 
and  molds. 

Prom  the  time  of  filling  the  silo  the  total  sugar  decreases  in  amount, 
until  a  minimum  is  reached  in  about  three  weeks.  In  the  case  of  the 
hollow  tile  silo  this  minimum  was  reached  in  twelve  days.  In  no  in- 
stance does  the  reducing  sugar  disappear  completely.  Even  after  a  much 
longer  period  the  presence  of  reducing  sugars  can  be  demonstrated.  A 
sample  of  silage  juice,  120  da3rs  old,  from  the  concrete  silo,  was  found  to 
contain  3 .  i  g.  reducing  sugar  per  100  g.  juice.  In  order  to  identify  the 
sugar,  a  portion  of  the  juice  was  clarified  with  neutral  lead  acetate  in  the 
usual  manner,  concentrated  on  the  water  bath,  and  then  treated  with 
phenylhydraadne  hydrochloride  and  sodium  acetate  in  a  flask  immersed 
in  boiling  water.  After  a  few  minutes  yellow  crystals  separated  from  the 
hot  solution.  These  were  filtered  out  and  washed  with  cold  water,  then 
recrystaUized  five  times  from  50%  alcohol.  The  substance  showed  a 
melting  point  of  204-206^.    Fhenylglucosazone  melts  at  205^.      From 

Tablb  V.^-*T«iipbratuui  RSADmcs. 
Hollow  Tile  Silo  Pilled  Sept.  18,  1913. 
Reftdingt  of  thennometen  placed 


Time  of 
reading. 

at  center. 

Decreee 

Palirenlieit. 

two  feet  from 

fttwaU. 
Degrees  P. 

Temperatave 

fttnKwptera. 
Degrees  V. 

Date  of 
reading. 

center. 
Degrees  P. 

walL 
DegiceeP. 

Sept.  I8 

I.OOP.M. 

77 

78 

79 

66 

, , 

Sept.  19 

8.00  A.M. 

81 

82 

83 

64 

64 

Sept.  20 

7.45  A.M. 

83 

85 

85 

60 

48 

Sept.  21 

7.15  A.M. 

85 

86 

86 

52 

43 

Sept.  22 

8.30  A.M. 

86 

87 

87 

47 

47 

Sept.  23 

7.30  A.M. 

87 

88 

88 

54 

49 

Sept.  24 

7.30  A.M. 

88 

89 

89 

66 

66 

Sept.  25 

7.45  A.M. 

88 

90 

89 

57 

49 

Sept.  26 

7.45  A.M. 

90 

90 

90 

50 

45 

Sept.  27 

2.00  P.M. 

90 

91 

90 

58 

72 

Sept.  28 

5.15  PM. 

90 

91 

89 

61 

60 

Sept.  29 

5.00  P.M. 

90 

91 

88 

64 

65 

Sept.  30 

4.45  PM. 

90 

91 

88 

64 

70 

Oct.     I 

5.00  P.M. 

90 

91 

88 

68 

76 

Oct     2 

3.30  P.M. 

90 

91 

87 

64 

76 

Oct.     3 

2.30  P.M. 

90 

91 

87 

66 

83 

Oct.     4 

2.40  P.M. 

90 

91 

86 

68 

66 

Oct.     6 

11.30  A  JC. 

90 

90 

85 

67 

81 

Oct.     7 

5.00  P.M. 

90 

90 

85 

64 

70 

Oct.     8 

5.15  PM. 

90 

90 

85 

66 

70 

Oct.    10 

4.30  P.M. 

90 

90 

84 

65 

57 
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the  meltiiig  point,  the  iiifiohibility  in  hot  water,  and  the  cfystalline  form 
of  the  osaxone,  it  is  evident  that  the  sugar  was  either  glucose  or  fructose, 
or  a  mixture  of  the  two.  Examination  of  the  dear  sugar  solution  in  a 
polarisGope  showed  dextro  rotation,  iQdicating  therefore,  that  the  sugar 
consisted  of  glucose  either  in  the  pure  state  or  greatly  in  excess  of  the 
fructose. 

The  results  on  the  acidity  of  silage  show  that  in  each  case  there  is  a 
gradual  rise  in  volatile  adds.  In  the  two  silos,  wooden  stave  and^hollow 
clay  tile,  the  iQdividual  volatile  adds  were  determined  and  approximatdy 
the  same  proportions  of  propionic  to  acetic  add  was  found  as  noted  in 
the  previous  publications  on  this  subject.^  But3rric  and  valeric  add  were 
fotmd  to  occur  in  traces  only  in  one  sample  from  the  wooden  silo.  The 
three  silos  show  differences  in  the  rate  of  formation  and  the  maximum 
yield  of  volatile  adds,  but  this  cannot  be  attributed  to  the  different  t3rpes 
of  silos.  The  ratio  of  volatile  adds  to  lactic  add  is  approximately  a  con- 
stant for  the  three  silos.  Lactic  add  was  found  to  increase  in  the  concrete 
silo  similar  in  manner  to  the  wooden  and  hoUow  day  tik  silos.  The  sam* 
pies  of  zinc  lactate  examined  in  a  polariscope  proved  to  be  the  racemic 

TaBUI  VI. — TSMPSHATXyKB  READINGS. 

Concrete  S2lo.> 
Rfiadingi  d  tfccmomtttn  i^aeed 

two  feet  from  Tempomtare 


Date  of 
reading. 

Timeol 
readisi. 

at  center 

Degrees 

Fahrenheit. 

Sept.  16 

7.00  P.M. 

80 

Sept.  17 

7.00  A.M. 

82 

S^t.  18 

7.00  AJf. 

84 

Sept.  19 

8.00  A.M. 

86 

Sept.  30 

7.45  A.M. 

86 

Septal 

7.15  A.M. 

88 

Sept.  22 

8.30  A.M. 

88 

Sept.  23 

7.30  A.M. 

88 

Sept.  24 

7.30  A.M. 

88 

Sept  25 

7.45  A.M. 

90 

Sept  26 

7.45  A.M. 

90 

Sept-!^ 
Sept  28 

2.00  P.M. 
5.15  PM. 

90 
90 

Sept.  29 

5.00  P.M. 

90 

Sept  30 

4.45  P.M. 

90 

Oct.     I 

5.00  P.M. 

90 

Oct.     2 

3.30  P.M. 

90 

Oct.     3 

2.30  P.M. 

91 

Oct.     4 

2.40  P.M. 

91 

Oct.     6 

11.30  A.M. 

91 

Oct,     7 

5.00  P.M. 

90 

'Loc. 

cU. 

•FUledSept  16,  1913. 

waU  at  wall  

center.          Degrees  P.       Degrees  P.  Degrees  P. 

80  70  70 

81  68  65 

84  68  .. 

85  65  64 

86  60  48 

3          87  54  43 

•|          87  48  47 

.§          89  52  49 

^        89  64  66 

I        88  58  49 

^        88  52  45 

I   .     87  55  72 

a           87  59  60 

I                   88  62  63 

5                   88  62  70 

(H                   86  64  76 

86  60  76 

85  62  83 

85  67  66 

84  67  81 

84  64  70 
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or  inactive  variety.  While  the  maximum  yield  of  lactic  acid  and  volatile 
adds  varied  for  the  three  silos,  no  significance  can  be  attached  to  these 
differences,  since  factors  which  would  influence  the  chemical  changes  in 
silage  were  noticed  at  the  time  of  filling  the  silos,  such  as  the  moisture 
content  and  the  maturity  of  the  com. 

The  alcohols  found  in  silage  were  calculated  as  ethyl  alcohol;  although 
it  is  known  that  other  alcohols  are  formed  in  small  amounts  during  silage 
formation.  The  tables  giving  the  results  for  the  hollow  clay  tile  and 
concrete  silos  show  a  gradual  increase  in  the  amount  of  alcohol,  while  the 
results  for  the  wooden  silo  indicate  that  the  amount  of  alcohol  found  on 
the  third  day  after  filling  the  silo  is  almost  equal  to  the  maximum  amount 
observed  during  the  period  of  investigation  for  this  silo.  It  is  further 
noted  that  the  results  on  this  silo  are  quite  irregular  and  do  not  follow 
any  gradual  increase  as  in  the  case  of  the  hoUow  day  tile  or  concrete 
silos.  The  alcohol  found  probably  owes  its  origin,  in  the  greater  part, 
to  yeasts,  since  these  are  Imown  to  be  present  in  enormous  quantities  at 
the  beginning  of  silage  formation.  It  is  difficult  to  state  with  the  present 
evidence  whether  or  not  alcohol  occurs  as  a  transitory  product.  It  is 
quite  probable,  however,  that  a  small  part  of  the  acetic  add  which  is 
found  in  silage  is  the  result  of  oxidation  of  some  of  the  alcohol.  The 
mechanism  of  this  reaction  cannot  be  definitdy  explained  as  yet,  since 
free  oxygen  is  absent  from  the  interior  of  the  silo  except  in  traces.  It  is 
possible,  however,  that  microorganisms  are  an  aid  in  this  oxidation. 

The  gas  analyses  on  the  three  silos  show  practically  the  same  results: 
carbon  dioxide  is  formed  very  rapidly  during  the  first  few  da3rs,  and  after 
reaching  a  maximum,  which  differs  slightly  for  each  silo,  gradually  decreases 
until  a  minimum  of  approximatdy  20%  of  the  entire  gas  is  reached. 
Oxygen,  on  the  other  hand,  disappears  entirely  during  the  first  few  days. 
The  residual  gas  consists  mainly  of  nitrogen,  a  considerable  amotmt  of 
which  must  gain  access  to  the  silo  from  the  top.  As  air  diflfuses  down- 
ward the  nitrogen  replaces  the  carbon  dioxide  and  accumulates  while  the 
atmospheric  oxygen  is  used  by  the  aerobic  bacteria  and  fungi  found  at 
the  surface  of  every  silo.  This,  it  appears,  satisfactorily  explains  the 
presence  of  two  or  three  feet  of  spoiled  silage  always  found  at  the  top  of 
silos. 

The  temperature  observations  on  the  three  silos  were  taken  every 
eight  hours  during  the  early  period  of  silage  formation.  Since  no  appre- 
dable  differences  were  observed  during  these  short  periods,  only  the  tem- 
peratures taken  twenty-foiu*  hours  apart  are  given  in  the  foregoing  tables. 
The  question  of  the  temperattu'es  attained  in  the  silo  during  the  early 
period  of  silage  formation  is  one  which  is  very  much  in  dispute  and  it  is 
hoped  that  the  results  obtained  will  greatly  aid  in  dearing  some  of  the 
erroneous  conceptions  commonly  hdd.    As  the  silage  in  each  of  the 
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three  silos  was  pronounced  by  experts  to  be  in  excellent  condition,  it  is 
only  reasonable  to  st^pose  that  the  observed  temperatures  are  the  actual 
temperatures  prevailing  during  the  fonziatkm  of  good  normal  silage. 

It  is  well  known  that  higher  temperatures  are  reached  at  the  top  of 
the  silos  where  oxygen  gains  entrance  and  partially  spoiled  silage  results. 
Similarly,  if  oxygen  gained  access  .to  the  silage,  due  to  insufficient  settling 
of  the  silage  or  to  faulty  construction  of  the  silo,  higher  temperattures 
would  be  noted.  In  the  author's  opinion,  a  great  number  of  the  con- 
flicting statements  fotmd  in  the  literatture  on  the  temperatures  observed 
in  silos  can  be  directly  attributed  to  the  factors  just  mentioned. 

The  results  on  the  three  silos  dining  the  period  of  examination  indicate 
that  no  importance  can  be  attached  to  the  superiority  erf  any  one  type, 
of  silo  over  others  in  regard  to  the  conductivity  of  heat  through  the  silo, 
walls.  It  was  intended  to  continue  the  temperatture  observations  through- 
out the  winter,  with  a  view  of  ascertaining  the  relative  conductivity  of 
the  silo  walls,  but  since  the  silage  was  fed  below  the  depth  of  the  ther- 
mometers before  cold  weather,  this  point  could  not  be  determined  and  is, 
therefore,  reserved  imtil  a  futture  date.  However,  it  is  quite  probable 
that  the  three  silos  will  show  sihiilar  properties. 

The  chemical  changes  occturing  during  the  early  period  of  silage  forma- 
tion are  very  similar  in  the  rate  of  formation  and  the  quantity  of  the 
chemical  constituents  produced.  When  the  fact  is  taken  into  considera- 
tion that  the  com  was  in  a  different  state  of  maturity  when  put  into 
the  different  silos,  it  is  not  surprising  that  such  results  are  obtained  and 
they  can  hardly  be  attributed  to  differences  in  the  types  of  silo. 

A  complete  study  of  the  bacterial  flora  of  silage  is  necessary,  in  the 
author's  opinion,  before  definite  statements  can  be  made  upon  the  causes 
of  silage  formation.  It  is  hoped  that  these  results  on  the  chemical 
changes  in  silage  may  be  an  aid  in  such  an  investigation. 

Conclusions. 

The  results  show  that  no  differences,  which  could  be  attributed  to  the 
effect  of  different  types  of  building  materials  upon  the  process  of  silage 
formation,  were  noted  in  the  chemical  changes  of  the  silage  in  the  three 
silos.  It  is  readily  seen  that  approximately  the  same  results  are  ob- 
tained in  the  temperature  observations,  gas  analyses  and  determinations 
of  alcohol,  sugars,  and  the  volatile  and  nonvolatile  adds  of  the  silage 
from  the  three  silos.  The  only  differences  noted  are  the  differences  in 
quantity;  the  ratio  of  the  chemical  substances,  however,  is  very  nearly 
the  same  for  each  silo. 

The  question  now  arises  as  to  the  comparative  value  of  the  silage.  Is 
silage  of  high  acidity  of  more  value  than  that  of  low  acidity?  In  the 
author's  opinion  silage  must  have  a  sufficient  amount  of  acidity  to  insiu'e 
its  keeping,  but  beyond  this  point  additional  acid  is  neither  essential 
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nor  beneficial.    A  large  amount  of  acid  is  known  to  be  harmful  but  the 
quantity  which][gives  the  maximum  food  value  has  not  been  determined. 

Remarks  Concerning  the  Value  of  Different  Types  of  Silos. 

Since  the  three  silos  produced  excellent  silage,  a  short  discussion  of 
the  relative  value  of  the  different  types  of  silo  will  be  included  in  this 
work.  In  the  past  the  main  argument  used  by  wooden  silo  manufac- 
turers was  the  superiority  of  wood  over  stone,  brick,  hollow  tile,  or  con- 
crete as  a  material  for  the  silo  walls.  They  based  their  conclusions  upon 
the  fact  that  wood  is  less  a  conductor  of  heat  than  the  other  materials. 
The  temperatm-e  results  on  the  three  types  of  silos  show  that  little  stress 
can  be  laid  on  this  point,  as  all  three  silos  showed  relatively  the  same 
temperattu'es.  The  results  also  show  that  a  high  temperattu'e  is  not  an 
essential  factor  in  the  production  of  good  silage,  since  the  maximum  tem- 
perature noted  in  the  three  silos  was  91**  Fahrenheit.  Moreover,  the 
period  of  silage  formation  is  of  short  duration,  about  three  weeks  at  the 
most,  and  it  occurs  at  a  time  of  the  year  when  the  weather  is  not  exceed- 
ingly cold,  hence  for  this  reason  alone,  conductivity  of  the  silo  wall  would 
not  play  an  important  part  in  silage  formation.  As  for  silage  freezing 
in  severe  cold  weather  in  the  silos,  the  writer  has  failed  to  notice  any 
advantage  in  using  any  one  particular  material  for  the  silo  walls,  as  the 
three  silos,  constructed  of  wooden  staves,  hollow  tile,  and  concrete,  re- 
spectively, froze  approximately  the  same  amount  in  each  instance.  Much 
stress  has  also  been  laid  concerning  the  effect  of  the  adds  upon  the  stone, 
hollow  tile  and  concrete  walls  which  results  in  forming  a  portion  of  spoiled 
silage  next  to  the  walls.  The  writer  believes  that  such  instances  are  due 
either  to  the  walls  not  being  air-tight,  thus  allowing  air  to  gain  access 
to  the  silage,  or  to  rough  surface  walls,  which  prevent  the  thorough  settling 
of  the  silage  near  the  walls.  Examination  of  the  concrete  and  hollow 
tile  silos,  which  have  smooth  walls  and  contained  silage  which  was  prop- 
erly packed  failed  to  show  any  spoiled  silage.  The  chief  factors  neces- 
sary for  the  production  of  good  silage  are,  therefore,  smooth,  air-tight 
walls,  com  in  the  right  state  of  maturity,  the  proper  amotmt  of  moisture, 
and  carefulness  in  filling.  These  four  factors  properly  carried  out  will 
insure  a  good  quaUty  of  silage  with  a  minimum  loss  due  to  spoiled  silage. 

Summary. 
Examination  of  the  contents  of  the  three  types  of  silo  in  use  at  the 
Iowa  Agricultural  Experiment  Station  showed  the  following  chemical 
changes  dming  the  actual  period  of  silage  formation: 

1.  Nonreducing  sugars  was  rapidly  changed  to  reducing  sugar,  and  the 
latter  then  decreased  in  amount  but  did  not  disappear  completely. 

2.  The  amount  of  volatile  adds  increased  daily. 

3.  In  the  concrete  silo,  as  already  demonstrated  for  the  hollow  tile  and 
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wooden  stave  silos,  the  racemic  lactic  add  produced  showed  a  daily 
increase. 

4.  Alcohol  was  formed  in  small  amounts  in  each  silo. 

5.  Carbon  diosdde  developed  very  rapidly  after  filling  the  silo. 

6.  Free  oxygen  disappeared  entirely  after  the  second  or  third  day. 

7.  The  maxiinum  temperature  observed  in  any  of  the  three  silos  was 
91  ^  Fahrenheit. 

8.  Within  the  limits  of  this  investigation,  no  differences  were  noted 
which  might  be  attributed  to  differences  in  the  material  of  which  the  silos 
were  constructed. 

Axss.  Iowa. 
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Genend  Chemistry:  Part  I,  Principles  and  Applications,  pp.  vi  +  410;  Part  11^ 
ExperimetUs,  pp.  xiv  +  174^  By  Lyhan  C.  Nswqll.  Boston:  D.  C.  Heath 
&  Co.     1914.     Prioe,  $1.20  (separately.  Part  I,  $i.oq;  Part  II,  60  cents.) 

''This  book  has  been  written  to  meet  the  demand  for  a  simple  and 
practical  treatment  of  the  principles  and  applications  of  chemistry.     *  * 

♦  *  ♦  Not  only  must  the  student  be  taught  the  principles  erf  chem- 
istry, and  their  applications  in  daily  life,  but  he  must  be  taught  in  such 
a  way  that,  should  occasion  arise,  he  can  use  chemistry  to  earn  a  living" 
(Preface). 

Part  I  contains  the  usual  elementary  matter.  Many  applications,  like 
the  pulmotor,  ammonia  refrigerator,  and  acetylene  blowpipe,  receive  at- 
tention. A  large  ntmiber  of  chemical  industries  are  discussed.  Organic 
compotmds  and  food  and  nutrition  occupy  thirty  pages.  The  amount  of 
information  included  in  some  chapters  is  very  considerable.  Thus  seven 
classes  of  proteins  are  discussed  and,  aside  from  the  acids  related  to  fat, 
no  less  than  seven  organic  adds  are  described.  The  periodic  system 
receives  due  attention.  Modem  views,  such  as  those  connected  with 
ionization,  are  used,  and  the  results  of  recent  investigations,  such  as  those 
on  radioactivity,  are  included. 

A  book  for  beginners  should  be  written  so  that  every  sentence  is  un- 
ambiguous and  its  meaning  obvious.  The  author  does  not  always  suc- 
ceed in  reaching  this  ideal.  For  example:  ''The  sulftu'  wells  *  *  * 
are  very  powerful,  a  single  well  often  pumping  500  tons  daily."  "The 
number  which  expresses  the  combining  power  of  an  atom  of  an  element 
is  called  the  valence  of  the  element."  Capacity  would  convey  the  idea 
better  than  "power."  "  The  gas  (ammonia)  is  very  volatile,  and  is  usually 
collected  by  upward  displacement."  Is  any  connection  between  the  two 
parts  of  this  sentence  intended,  and  what  does  "volatile"  mean,  here? 

The  order  of  topics  chosen  seems  to  result  in  frequent  mention  of  sub- 
jects not  yet  discussed.    Nitric  acid,  with  its  numerous  reduction  prod- 
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ucts,  would  be  easier  to  master  if  it  followed,  instead  of  preceding  car- 
bonic acid  and  sulfuric  acid. 

The  laboratory  directions  are  unusually  full,  occupying,  as  tjliey  do, 
238  experiments  and  166  pages.  Albxandqr  Smtth. 

Metallographie.  Ein  ausfiilirliches  Lehr-  und  Handbuch  der  Konstitutlon  und  der 
physlkalischen,  chemischen,  und  technischen  Bigeiischaften  der  Metdle  und 
metalliscfaen  Legieningen  von  Dr.  W.  Gubrtlbr.  Zweiter  Teil:  Die  binlren 
Legieningen  mit  Kohlenstoff,  SJIfriwm,  Tlttn,  Bor,  AlunJnhim,  £rdmetalleii,  Srd- 
alkalimettUen,  AlkalimettUen  und  Gaaen.  Heft  I:  Die  Konstitution  des  Systems 
Eisen-Kohlenstoff  sowie  der  sonstigen  binilren  Kohlenstofflegierungen.  Berlin: 
Verlag  von  Gebriider  Bomtraeger.     1913.     Pp.  xl  4-  648.     Price  32  Maries. 

The  remarkable  growth  of  metallography  and  especially  in  its  applica- 
tion to  iron  and  steel  is  weU^^t^qwa  irv^^fai*  volume  in  which  630  of  the 
648  pages  are  devoted  to  the  explanation  and  critical  discussion  of  the 
phenomena  involved  in  the  equilibria  of  the  single  binary  system,  that  of 
iron  and  carbon.  It  is  even  more  striking  when  one  considers  that  noth- 
ing is  said  of  the  physical  £^nd  mechanical  properties  of  i^on  and  steel. 
The  relationships  between  physical  properties ,  and  the  equilibrium  dia- 
gram are  to  be  discussed  in  a  lat^  volume  and  it  is  sincerely  hoped  that 
the  author  may  be  spared  to  complete  his  task.  Dr.  Guertler  is  emi- 
nently well  fitted  to  do  this  work  as  it  needs  much  impartial  and  critical 
discussion.  In  this  volume  he  has  examined  all  of  the  experimental  data 
with  a  thoroughness  which  is  astonishing.  Controversial  material  is 
handled  very  justly  and  fully  and  the  data  analyzed  in  such  a  way  as  to 
at  least  allow  one  to  have  a  te^nporary  opinion.  In  view  of  the  large  ntun- 
ber  of  experimental  papers  which  are  appearing,  the  opinion  can  be  only 
a  provisional  one,  and  in  fact  the  whole  subject  is  being  so  carefully  scru- 
tinized in  many  laboratories  that  the  time  seems  scarcely  ripe  for  more 
than  a  statement  of  fact. 

The  book  is  well  illustrated  with  many  photomicrographs  and  dia- 
grams, and  is  exceedingly  well  printed. 

The  few  pages  not  devoted  to  a  discussion  of  the  various  phases  of  the 
iron-carbon  diagram  are  devoted#to  the  carbides  of  other  elements. 

Hbnry  Fay. 

Introduction  to  Organic  Chemistry.  By  John  Tappan  Stoddard,  Professor  of 
Chemistry  in  Smith  CoUege.  Philadelphia:  P.  Blakiston's  Son  St  Company, 
pp.  viii  +  419.     Price,  $1.50. 

The  scope  of  this  text  as  stated  by  the  author  in  the  preface  is  as  fol- 
lows: "The  book  is  intended  to  be  used  in  connection  with  lectures, 
recitations  and  laboratory  work  in  the  first  course  of  organic  chemistry 
in  college.  The  author  has  endeavored  to  present  the  subject  simply, 
directly  and  connectedly,  so  that  the  student  may  gain  a  dear  idea  of  the 
princi]:des  of  organic  chemistry  and  its  relations  to  general  chemistry. 
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*  *  *  *  *  Emphasis  is  laid  on  general  reactions  and  characteris- 
tics, rather  than  on  special  facts  relating  to  particular  compounds.     *  * 

*  *  *  *  Many  ap^dications  of  organic  chemistry  to  practical  life 
are  given.  *  ^  <•  *  4*  ^i^  i^qq]^  ^  oxisiderably  smaller  than  many 
of  the  texts  on  the  subject,  but  it  is  believed  that  it  is  none  the  less  com- 
plete in  all  the  essential  matter  which  is  properly  presented  in  a  first 
course." 

In  the  opixaoa  of  the  reviewer  the  author  has  been  fairly  successful  in 
his  efforts.  The  sdze  and  scope  of  the  book  reminds  one  oi  Remsen's 
"Organic  Ch^nistry,"  although  the  method  of  presentation  is  somewhat 
different. 

It  has  seemed  to  the  reviewer  that  the  text,  in  common  with  a  ntunber 
of  texts  in  organic  chemistry,  is  unnecessarily  cold  uid  uninviting  for  a 
first  course.  The  great  number  of  acts  to  be  presented  and  the  desire 
to  keep  the  text  within  ordinary  limits  naturally  lead  to  the  omission 
of  much  interesting  information.  Perhaps  it  is  the  intention  of  the  author 
that  such  information  should  be  supplied  by  the  teacher — ^but  unfortu-* 
nately  this  expectation  is  not  always  realized..  The  authcM*  of  the  text 
before  us  uses  no  illustrations  or  figures  of  any  kindi-  unless  indeed  one 
considers  structural  formula  *as  falling  under  this  head.  Of  course  illus^ 
trations  and  pictures  are  not  necessary  in  such  books — neither  are  they 
in  our  homes  for  that  matter;  but  if  properly  selected  they  may  in  either 
case  have  an  educational  value. 

The  author  makes  the  statement  that  f ormalddiyde  is  used  as  a  food 
preservative  and  gives  the  well-known  method  for  detecting  its  presence  in 
milk.  The  reviewer  doubts  if  this  compound  is  any  longer  used  for  this 
purpose.    He  also  doubts  if  95%  alcohcd  can  be  made  for  20  cents  a  gal- 

1<M1* 

On  the  whole,  the  book  contains  the  fundamental  principles  of  organic 
chemistry  presented  in  a  fairly  attractive  way  and  may  be  recommended 
to  teachers  in  search  of  such  a  text.  Wm.  McPhbrson. 

Elementary  Hooseliold  Chemistry:  An  introductory  text-book  for  stndents  of  Home 
Economics.  By  John  Fbrouson  SwEtL,  Professor  of  Chemistry,  MacDonakt 
College,  McGill  University.  New  York:  The  MacMillan  Company.  1914*  pp. 
307.     Price,  $1^5. 

The  task  which  the  author  has  set  for  himself  in  these  pages  is,  in  the 
nature  of  the  case)  a  difficult  and,  as  it  seems  to  the  writer  of  this  review, 
an  undesirable  one.  The  title  page  says  it  is  an  introductory  text*book 
for  students  of  hbme  economics.  The  field  of  home  economics  covers 
many  subjects  and  is  fairly  well  outlined  for  study  under  the  divisions  of 
food,  clothing  and  shelter.  Even  in  the  present  undeveloped  stage  of 
the  subject,  there  is  abundant  material  for  an  elementary  book  upon  any- 
one of  these  divisions.     Moreover,  it  is  to  be  hoped  that  the  student 
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of  elementary  home  economics  is  not  taking  beginning  chemistry,  die- 
tetics and  dyeing,  even  in  the  same  year.  If,  as  the  preface  states,  "The 
text  has  been  written  with  the  needs  in  mind  of  students  the  majority  of 
whom  have  had  no  previous  instruction  in  chemistry/'  the  writer  doubts 
if  this  is  a  good  way  to  teach  either  chemistry  or  home  economics.  Further, 
if,  as  the  preface  states  later,  the  author  had  also  in  mind  ''the  needs  of 
students  who  had  had  training  in  general  chemistry,"  then  it  seems  such 
students  ought  to  be  able  to  use  a  less  elementary  book,  to  be  ready  to  do 
more  intensive  work  in  both  chemistry  and  some  one  phase  of  home  econom- 
ics. In  other  words,  in  the  present  stage  of  development  of  home  eco- 
nomics, even  elementary  work  in  it  requires  elementary  knowledge  of  four 
rather  than  one  science. 

While  the  reviewer  has  little  sympathy  with  this  method  of  teaching 
either  elementary  chemistry  or  home  economics,  she  does  find  much  ex- 
cellent material  in  the  book.  The  subject  matter  is  put  in  an  interesting 
and  clear  way.  Much  ingenuity  has  been  shown  in  selecting  the  experi- 
ments, in  the  elimination  of  irrdevant  matter,  and  in  the  presentation 
of  the  essentials. 

The  following  suggestions  are  offered  concerning  the  experiments. 
If  one  wished  to  prepare  carbon  dioxide  (p.  5),  it  would  seem  that  it 
could  be  done  more  easily  and  more  simply,  and  when  grape  sugar  and 
yeast  are  used,  it  would  be  better  to  take  a  liter  flask  and  a  cake  cdf  yeast, 
and  then  test  for  other  products  as  well  as  carbon  dioxide;  again,  strenuous 
objection  is  made  to  testing  temperature  by  the  hand  (p.  7) ;  chemistry 
applied  to  the  household  ought  to  teach  accuracy  by  the  use  of  scales 
and  the  thermometer  and  neither  of  these  instruments  are  suggested  in 
this  text;  the  statements  (p.  181)  concerning  jelly-making  do  not 
agree  with  the  results  of  Miss  Goldthwaite's  investigations;  it  seems  de- 
sirable if  one  teaches  any  classification  of  proteins  (p.  184)  to  use  the  one 
agreed  upon  by  scientists;  the  amount  of  flour  used  in  making  the  gluten 
test  (p.  190)  is  far  too  small  for  satisfatory  results,  and  it  is  most  de- 
sirable to  obtain  the  gluten  from  the  flour  of  both  soft  and  hard  wheats 
in  order  to  enable  the  student  to  learn  that  ftmdamental  distinction  in 
flours. 

The  appendix  contains  much  useful  material  well  arranged.  A  good 
bibliography  would  add  to  the  value  of  the  text.  The  book  will  be  help- 
ful to  the  student  of  elementary  chemistry  and  may  provide  suggestions 
and  illustrations  for  teachers  of  home  economics  in  secondary  schools. 

Isabel  Bsvibr. 
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THE  PRESENT  ASPECT  OF  THE,  HYPOTHESIS  OF  COM- 
PRESSIBLE ATOMS.' 

By  Tvhodosb  W.  Ricvakps, 
Received  October  16.  1914, 

Speculation  concerning  the  ultimate  nature  of  the  material  Universe 
goe$  far  back  into  the  early  history  of  mankind.  As  soon  as  several 
of  the  ancient  Greek  philosophers  perceived  that  some  kind  of  atomic 
hypothesis  is  the  simplest  method  of  accounting  for  things^  they  attempted 
to  imagine  the  nature  of  the  ultimate  particles.  The  apparent  perma- 
nence of  the  Universe  suggested  that  these  particles  could  never  become 
worn  out,  and  hence  the  ancients  naively  conceived  of  them  as  being 
infinitely  hard.  Newton  inherited  this  idea,  and  speaks  more  than  once 
of  "hard,  massy  particles."  Not  much  over  a  hundred  years  ago,  Dalton 
brought  forth  convincing  quantitative  evidence  in  favor  of  the  atomic 
theory,  putting  it  thus  upon  a  firm  basis;  and  the  theoiy  was  later  adopted 
by  physicists  to  explain  the  pressure  of  gases.  Throughout  these  con- 
siderations the  notion  of  hard,  incompressible  (but  perfectly  resilient) 
atoms  persisted,  partly  because  this  assumption  served  as  a  convenient 
basis  for  mathematical  analysis. 

According  to  the  tenets  generally  held  diuring  the  last  fifty  years,  solids 

and  liquids,  as  well  as  gases,  are  supposed  to  be  constituted  of  small,  hard 

^  Presidential  address,  written  for  the  Montreal  meeting  of  the  Society,  which 

was  to  have  been  held  in  September,  19 14.    Because  of  the  abandonment  of  this  meeting 

on  account  of  the  European  War,  this  address  was  not  delivered. 
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atoms  (or  complexes  of  hard  atoms  called  molecules)  with  wide»  empty 
spaces  between  them — ^these  particles  being  supposed  to  be  each  for  itself 
in  violent  irregular  motion  to  and  fro,  due  to  heat.  There^s,  however, 
nothing  in  this  philosophy  to  distinguish  solids  and  liquids  from  gases, 
although  in  reaUty  they  are  very  different  indeed.  Such  a  conception 
gives  a  very  reasonable  picture  of  the  state  of  a  gas,  but  does  not  explain 
the  fixed  bulk  of  liquids  nor  the  rigidity  and  impermeability  of  solids. 
To  overcome  these  difficulties,  it  was  necessary,  in  discussing  soUds  and 
Kqaids,  to  add  to  the  bard  imaginary  incompmsible  partide  a  ma^ 
'* Sphere  of  influence"  surrounding  it,  which  would  prevent  its  touching 
other  atoms;  but  how  this  ''sphere  of  influence"  was  constituted  no  one 
was  quite  prepared  to  say. 

About  fifteen  3rears  ago,  in  studying  the  behavior  of  gases,  I  came  to 
the  conclusion  that,  even  with  this  dilute  form  of  matter,  the  imaginary 
particles  (although  here  widely  separated)  were  stUl  surrounded  by 
^'spheres  of  influence,"  somewhat  but  not  very  much  laiger  than  those 
imagined  to  exist  in  liquids.  This  conclusion  raised  a  serious  question 
as  to  the  real  boundary  of  the  space  occupied  by  the  atom  itself.  It 
seemed  that  since  a  "sphere  of  influence"  appears  alwa3rs  to  accompany 
the  atom,  the  little  hard  particle  in  the  middle  might  have  no  real  physical 
significance;  fliis  imaginary  hard  particle  Uppeared  to  be  a  purely  arbitrary 
assumption.  The  so-called  ''sphere  of  influence"  in  all  its  relations  acts 
as  if  it  were  really  the  important  thing  to  be  considered.  Hence  the 
question  was  proposed :  Why  should  we  not  call  this  "  sphere  of  influence  " 
the  atom  itself,  since  it  always  accompanies  the  atom;  why  should  we 
pretend  to  know  anything  about  how  the  material  is  distributed  within 
its  limits?  The  gain  in  this  point  of  view  is  twofold.  In  the  first  place 
it  concentrates  the  interest  and  attention  upon  the  entity  which  actually 
comes  into  consideration;  on  the  other  hand,  it  abolishes  an  arbitrary 
hypothesis.  Moreover,  since  the  so-called  "sphere  of  influence"  appeal^ 
to  be  rarely  spherical,  even  the  designation  of  the  old  idea  is  of  doubtful 
legitimacy. 

If  then,  we  consider  this  space  which  the  atom  actually  occupies  in 
liquids  and  solids  as  being  the  bulk  of  the  atom,  we  must  admit  that 
the  atom  is  compressible ;  for  this  space  is  diminished  by  increasing  pressure. 
In  other  words,  liquids  and  solids  are  actually  compressed  when  pressure 
is  applied  to  them. 

Such  atoms,  compressible  and  elastic  throughout  their  substance,  would 
be  capable  of  sustaining  and  transmitting  heat-vibration,  even  if  closely 
packed  together;  hence  this  conception  of  solids  and  liquids  does  not  inter- 
fere with  the  mechanical  conception  of  heat. 

One  can  easily  see  that  the  new  hypothesis  is  suggestive.  If  atoms 
are  compressible,  and  are  packed  closely  together  in  solids  and   Hquids 
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may  we  not  tni€e>  t&roauli  the  alterattoflr  in  bulk  of  8ti]t>st*i»ce8  dviing  chai4. 
ical  change,  the  action  of  the  chemical  and  cohesii«  afi&tdties  which  hold 
the.atapis  togeither^  May.  we  aot  with  the  hdp  of  this  ntuAy  interpret 
anew  the  myatoriotis  qrounetry  erf  cryjstiite?  M«y  we  not  correlate  numsr-y 
0U8  pr^Mitiesia  relatioa  to  otte  another  ^d  by  n^eaos  of  the  ftmdaoiental 
GCMiceptiQiQ  show  the*  mutual  dependence  of  all  the  pr(4»eirtie$:  of  matter? 
In  this  brief  address  i  shall  not  attempt  to  present  all  the  far-reaching 
appficatioh^  Ivf  the  theory  of  compressible  atotnS)  but  I  shaU  endenvor  to 
diow  how  fhe  new  ck)aoe|>tibheqcplains  many  apparent  incon8isteBdes> 
in  the  earMeir  isterpretfeition,  and  how  it  presents  tioe  picture  of  the  manv-i 
fold  pheivomena  0f  the  pkysico;chemieal  Unrrersein  a  new  and  moria  ittai-i 
sonabtelighti  InooiarasispoBfiiile  ink  brief  presenltationi  the  endcavoii 
win  be  made  to 'discuss*  systematically  the  most  impartantis^pplieatti^ns. 
of  tin  theory  wWch  have  thus  far  b^  made.  Ilet  us  begin  < with  !tl» 
pn^ertii^  of  gasesi  whichr  uls  I  ^bave  aiud«.  fisst  suggested  tha-idea. 

T6  tbfe  byixmii  theattcinq^t  to  disco^rietrianytUng  wfaaitsver  fvomtfa^ 
propertiescf  gases  ^  to  tiie  ispaces  occupied  by*  molecuies  tihemselves^ 
might  at  first  seem  quite  hopeless,  for  ei^Qfyoiie:agi:^es<th«t:jn  ^[ases  {ab 
kast  under  ordinary  pressure)  there  must  be  wide*  en^ty  q>aces  between 
the  molecules,^  that  the  total  bulk  occupied  l^  the  gas  as  a  whole  must 
be  made  up  of  the  sum  of  the  comparatively  small  space  actually  occupieil 
by  the  molecules  and  the  much  greater  spaces  between  them. 

The  taisk  would  indeed  be  hopeless  exfcept  for  tbe  eidsteioe  of  the  well* 
known,  simple  laws  of  Boyle  (or  Mariotte)  and  Charles  (or  Oay-Lussae) 
go^einhig  gases.  These  kws,  we  have  every  reason  to  believei  diotdd 
apply  with  absolute  precision  to  a  perfect  gas^— an  abstraction  which  may^ 
be  defined  for  the  present  purpose  as  a  gas  in  which  the  moleetifes  aie 
imagined  as  inathematical  points  without  any  attractive  affinities.  They 
tell  us,  as  you  wdl  know.  Hint  the  votame  of  a  perfect  gas  dught  to  be 
exactty  proportional  to  the  absolute  temperature,  and  inversely  pro« 
portional  to  pressure.  If  these  laws  appfy  exactly  to  the  imaginary  case 
in  which  the  molecules  occupy  no  space  whatever,  it  is  evident  that  any- 
deviation  from  them  oc^ht  to  afford  a  due  as  to  the  actual  bulk  occupied 
by  the  molecules  in  any  given  gas.  This  aspect  of  the  question  was  fimtJ 
pointed  out  by  Budde  in  1874;  and  three  years  afterwards,  van  der  Waab 
saw  clearly,  for  the  first  time,  that  not  only  the  bulk  occupied  by  the  xpok^ 
cuks,  but  also  the  attractive  affinities  between  them  must  affect  the  vohane 
of  a  gas.  This  latter  agency  would  diminish  the  outward  pressure  (and^ 
therefore,  the  volume  under  constant  pressure)  by  pulling  the  parttdea 
inward.  Taking  account  of  these  two  tendendes,  namdy^  the  tendency 
of  the  molecule  itself  to  occupy  space  and  its  tendency  to  attract  other 
molecules,  van  der  Waals  constructed  his  well-known  equation,  whidi 
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xncxUfies  the  simpte  gas-law  by  making  a  defioste  allowance  for  both, 
(^  +  a/v»){t;  — 6)  -  nRT. 

Now  it  is  well  known  that  nobody  has  ever  been  able  to  find  for  any  gas 
a  perfectly  constant  quantity  (6)  which  will  serve  In  this  equation  to  repre- 
sent (for  all  temperatures  and  pressures)  the  exact  amount  of  space  oc- 
cupied by  the  molecules  themselves.  Fifteen  years  a^,  ttas  inadequacy 
in  van  der  Waals'  equation  excited  my  interest,  and  I  sought  to  discover, 
if  possible,  the  reason  for  the  lack  oi  the  exact  fulfihnent  of  the  mathe- 
matical expression.  The  matter  is  complidhted  by  the  oo&dstence  of  the 
two  effects  mentioned  in  the  iM^ceding  paragrai^;  it  is  diflScuk  to  be  sure 
that  the  affinity-effects  have  been  entirely  diminated  from  the  estimate  of 
the  bulk.  Nevertheless,  careful  study  made  it  seem  highly  probable  that 
at  least  one  reason  for  the  inconsistettcy  is  simply  a  real  diangeableness 
in  the  space  occupied  by  the  molecules  under  varying  ctreumstaaoes. 

In  other  wotxls,  it  seemed  as  if  the  molecules  sometimes  occupy  more 
space  and  sometimes  less,  as  if  they  mi^^  be  diminidied  in  bulk  by  pres- 
sure (in  other  words,  compressed);  and  as  if  they  might  be  affected  in  size 
also  by  changing  the  temperature. 

At  that  time,  however,  although  the  results  were  suggestive  and  led  to 
a  search  for  signs  of  atomic  compressibility  among  other  phenomena, 
diey  did  not  seem  to  be  conclusive,  for  two  reasons:  In  the  first  place 
one  could  not  be  sure,  as  already  stated,  that  tht  effect  of  affinity  had 
been  entirely  allowed  for;  and  in  the  next  place  one  could  not  feel  sure 
whether  the  comiH-es^n  affected  the  atoms  themselves,  or  only  mole- 
ixihss  built  of  several  atoms.  In  order  to  obtain  conclusive  evidence  on 
these  points,  one  must  study  some  gas  which  has  only  a  single  atom  in 
each  molecule,  and  which  has  practically  no  cohesive  tendency.  In  sudi 
a  gas  any  change  in  the  calculated  bulk  of  the  molecules  must  be  ref  ersed 
directly  to  the  atoms,  because  here  in  this  special  case  the  molecule  and 
the  atom  are  identical;  ami  the  lack  of  cohesiveness  or  self-affinity  would 
eliminate  the  complication  affecting  the  pressure,  thus  going  back  to 
Budde's  original  idea. 

Fortunately  just  such  a  gas  exists  in  helium;  and  the  recent  data  of 
Kamerhngh-Onnes  show  indeed  that  helium  atoms  in  all  probability  change 
their  apparent  bulk  with  changing  conditions.^  One  can  easily  compute 
the  quantity  6  (which  must  be  a  function  of  the  apparent  ooUision4>ulk' 
of  the  molecules)  from  these  data;  thus  it  is  found  that  at  o^  C.  the  quan- 
tity 6  is  12  cc.,  and  at  loo**  C.  it  is  only  10.4  cc.  per  4  g.  of  helium 
under  moderate  pressure. 

»  Rkhards,  This  Journal.  36,  617  (19x4)- 

*  The  apparent  coUisioii-bulk  is  the  bulk  which  b  made  up  of  imaginary  spheres 
with  the  radius  of  half  the  apparent  distance  between  atomic  centers  on  nearest  ap- 
proach  during  collision.     It  includes  an  effect  due  to  the  time  of  collision. 
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Evidently,  then,  the  apparent  oollision^bulk  of  the  molecuks  in  helium 
must  be  smaller  at  high  temperatures  than  at  low  ten^)eratures,  and  the 
only  satisfactory  way  of  accounting  for  this  is  to  suppose  that  the  greater 
velocity  of  the  colliding  atoms  at  high  temperatures  produces  a  greater 
compressing  effect  upon  them,  so  that  at  high  temperatures  they  seem 
to  occupy  less  space  than  at  Jow  temperatures.  The  data  are  not  as 
plentiful  as  one  would  Uke;  but  the  laboratory  work  seems  to  have  been 
carefully  done  by  the  great  Dutch  experimenter,  and  the  evidence  is  strong. 
If  the  helium  atcmis  are  thus  capable  of  ccnnpression,  it  is  only  fair  to  as- 
sume that  other  atoms  are  also  compressible;  and  one  is  given  immediately 
an  culequate  and  satisfactory  qualitative  explanation  for  the  deviations 
of  all  gases  from  the  exact  requirements  of  the  equations  of  van  der  Waals. 
If  the  molecules  and  atoms  are  compressihle,  of  course  no  constant  vahie 
could  be  fotmd  for  their  bulk  under  varying  conditions. 

Not  only  the  equation  of  van  der  Waals,  but  aJso  that  of  corresponding 
states  (a  mathematical  deduction  evolved  from  the  former  equation)  has 
its  difficulties  of  interpretation  smoothed  away  by  this  assumption  of 
atomic  compressibility.  The  reason  why  this  eqttati<Hi  also  is  by  no  means 
exact,  applying  only  with  similar  substances,  is  made  clear. 

But  these  int^-esting  conclusions  are  not  the  6tify  outcomes  of  this 
discussion,  for  the  idea  that  atoms  are  compressible  at  once  leads  to  the 
conviction  that  the  atimis  in  gases  are  mudi  larger  than  van  der  Waals 
supposed  them  to  be.  All  his  conclusions  referred  to  the  ai^avent  col- 
lision bulk,  which  must  needs  (in  compressible  atoms)  be  considerably 
smaller  than  the  true  bulk,  because  of  the  great  velocity  with  whicfa  tht 
colliding  molecules  in  a  gas  are  known  to  strike  one  another.  Those 
who  are  interested  will  find  the  argument  rather  fully  set  forth  in  the  recent 
article  already  mentioned;  there  is  no  time  here  to  go  into  detail,  but  the 
outcome  may  be  stated.  This  is,  that  the  bulk  of  the  molecules,  when  not 
ccMnpressed,  may  perhaps  be  about  that  of  the  so-called  critical  volume. 
This  idea  gives  us  a  new  definition  of  the  critical  point — one  of  the  most 
puzzling  phenomena  concerning  the  relations  of  liquids  and  vapors. 

The  study  of  the  critical  point  brings  us  natturally  to  the  next  heading 
of  the  discourse,  namely,  the  application  of  this  idea  of  atomic  compressi- 
bility to  liquids  and  solids.  It  has  just  been  pointed  out  that  the  logical 
discussion  of  the  properties  of  aeriform  matter  indicates  that  the  bulk  of 
the  uncompressed  molecules  in  gases  is  much  larger  than  had  previously 
been  expected.  Indeed,  as  stated  above,  it  appears  that  the  actual  bulk 
of  the  molecule  in  a  gas  is  to  be  considered  as  about  the  critical  volume, 
whidi  is  of  course  considerably  larger  than  the  space  occupied  by  the  liquid 
under  ordinary  conditions.  That  is  to  say,  we  must  imagine  the  atoms  in 
a  liquid  as  being  not  only  packed  closely  together,  but  packed  so  closely 
that  every  atom  is  much  compressed  by  the  force  of  the  cohesion. 
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Itiid^  seem^  revolutionaty  indcttd^  It  was  formerlj  tbdught  that  tbt 
atbtnS)  even  in  liquids,  were  as  fat  apu^,  relatively  to  their  size,  as  the 
plfiinets  in  the  sokr  system.  Vain  d^.  Waals,  to  be  sure,  did  awojr  with 
thib  extreme  view  by  hid  equation,  giving  good  evidence  that  the  atofiis 
were  at  least  as  large  as  onenthird  of  the  ^«ce  occupied  by  the  hq^iid; 
bnt  the  new  conception  now  advocated  makes  them  omeh  larger  stilL 

In  what  direction  mtist  we  seek  for  farther  evidence  of  the  close-packiMg 
and  comptession  of  atoms  in  liquids  and  solids?  Mudi  is  at  hand.  Strik- 
ing support  for  this  hypothesis  is  seen  in  th^sligiit  comtractkm  whidi  liqiuda 
and' solids  suffer  on  being  cooled  to  the  absolute  ikco.  If  the  atoms  really 
have'wide^)ace8  between  them  in  solids,  these  sfxute  ^hocdd  disappear, 
at  th^'  absolute  zero,  where  hdalneriergy  is  supposed  so>  hmger  to  ^tist^ 
but  no  substance  known  to  me  ebntracts  anything  like  as.  much  on  cooling 
to  very  low  temperatunes  as  it  shoidd  to  ^corres^d  with  the  feqoirementa 
evett  «f  van  der  Waals'  theory.^  J^dently 'Something  very  difierent  from 
heat  vibration  is  the  chief  tendency  whidi  maintnins  the  biHk  of  liquids 
andsoBds; 

Preeisely  !n  line  with  litis  conclui^ni  is  the  inference  to  be  drawn  &0111 
the  compressibility  of  matter  at  bw  temperatures.  If  the  ordinary  oqq* 
eeption  of  matter  is  trtie,  it  should  be  wholly  incompoessible  at  the  absolute 
zero;  On  tlte  other  hand,  if  the  theory  of  compressibk  atoms  is  true,  matter 
Aotild  be  almost  as  compressible  at  the  absolute  seto  as  it  is  at  ordisracy 
tmpepattmt^  IpoihtedioutinthePaiadayLectureof  1911  that  the  lattier 
is  probablf  thecase>  bctsing  the  conclusion  on  an  extrapolation  of  the  results 
of  Grttneisen  obtained  at  very  low  temperatures.  In  this  crucial  case 
again  the  fttcts  decide  in  favor  of  the  theory  of  compressible  atoms. 

Yet  another  obvious  argument  among  many  may  be  cited.  The 
orcfinary  theory  demands  that  all  material  should  be  porous  with  lat:ge 
spaces  between  actively  moving  molecules.  This  idea  is  so  interwoven 
in  the  science  at  today  that  most  text-books  on  ph3rsic8  name  porosity  as 
one  of  the  universal  properties  of  matter.  Now  as  a  matter  of  fact  in 
very  many  oases  porosity  is  conspicuous  by  its  absence.  Liquid  has  been 
imi»isoiied  in  quartz  and  other  materials  for  countiess  ages;  many  solids 
indeexl  (especially  crystals)  sue  thoroughly  impervious  both  to  liquids  and 
to  gases.  This  could  hardly  be  the  case  if  there  were  wide  spaces  between 
the  rapidly  moving  molecules.  Other  instances  are  cited  in  the  Faraday 
Lecture  of  iprt,  to  which  those  interested  may  be  referred. 

That  an  occasional  substance,  such  as  monodinic  sulfur  which  has  been 
metamorpliosed  into  the  rhombic  form  at  k>w  temperatures,  or  iron  (which 
undergoes  a  weU^ecognized  solid  trandtion  below  its  melting  paint)» 
or  amorphous  fused  slUca,  might  have  minute  pores  within  its  fabric  is 
oiily  to  be  expected;  this  fact  does  not  militate  at  all  against  the  theory. 
'  This  Joornal,  36,  626  (19x4). 
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Prom  another  point  of  view  abo,  the  or^nary  conception  of  a  solid  has 
always  seemed  to  me  ttttle  short  of  an  absurdity.  A  gas,  indeed,  may  very 
properly  be  itnagined  as  consisting  of  moving  particles  independent  and 
far  apart  from  out  another,  but  how  can  a  rigid  solid  like  steel  possess  such 
an  unstable  structtwe? 

These  and  many  other  considerations,  then,  lead  me  to  conclude  that 
in  soUds  and  liquids  not  only  are  the  atoms  packed  dosely  togeAer  to  form 
mofecoles,  but  that  also  these  molecaks  are  padoed  closely  togiether  to 
focm  the  material  solid  and  liquid  substances  which  we  can  see  and  handle. 
We  must  conclude  that  heat  vibration  occurs  in  these  dosely  packed  mole- 
cules by  a  somewhat  different  mechanism  from  the  rectilinear  motion  yMdi 
we  all  imagine  to  be  the  carrier  of  heat  eneigy  in  gases.  We  must  imagine 
that  these  compressible  molecules  are  working  upon  one  anotker  in  some- 
what the  fashion  discernible  in  the  microscope  asaong  small  floating  parti* 
cks  and  called  the  ''Browman  movements."  Of  course,  the  molecular 
upheavals  must  take  place  on  a  much  smaller  scale,  but  the  analogy  is 
Uluminating.  Such  a  motion  would  obvioody  turn  into  a  reodUneac  one 
if  a  molecule  were  freed  from  its  bondage  to  other  molecules,  that  is  to  -say, 
vaporized. 

Having  thu&  step  by  step  oopfie  to  the  conclusion  that  the  atoms  in 
liquids  and  solids  must  be  packed  closely  together  and  that  they  must 
be  compressed  in  this  dose  contact  by  th^  forces  which  hold  them  together^ 
we  are  immediately  stimulated  to  st|i^dy  in  detail  the  effect  which  cohesion 
and  chemical  affinity  may  have  on  these  compressible  objects,  the  atoms. 
May  not  the  study  of  the  chauges  exhibited  by  the  volumes  of  liquids  and 
solids  under  varying  conditions  be  shlie  to  throw  nmch  light  ou  the  forces 
which  hold  solids  and  liquids  together  if  all  this  be  true? 

Chemical  affinity  and  cohesion  are  phenomena  of  the  utmost  importance 
in  our  daily  life.  The  existence  and  stability  of  all  the  complex  molecules 
which  make  up  otu*  bodies  and  our  environment  depend  upon  the  chemical 
affinity;  and  cohesion  is  the  agency  which  causes  these  molecules  to 
assume  the  solid  and  liquid  states,  without  which  the  world  would  be 
indeed  "without  form  and  voM."  Therefore,  the  study  of  these  agendes 
is  highly  important  to  anyone  interested  in  man's  relation  to  the  physical 
imiverse  in  which  he  has  been  placed. 

We  know  very  little  about  the  natm*e  of  the  forces  which  produce  these 
effects,  and  every  phenomenon  which  can  throw  Hght  upon  them  should 
be  eagerly  pressed  into  service. 

The  first  question  which  demands  answer  before  any  condusions  can  be 
drawn  is  the  question  whether  chemical  affinity  and  coherion  exert 
pressure  in  thdr  action,  or  whether  they  merely  hold  the  atoms  and  mole- 
cules together  without  pulling  them  toward  one  another.  I  am  aware 
of  no  adequate  discussion  concerning  this  point,  important  as  it  is;  and  I 
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doubt  if  there  is  unanimity  among  chesoists  an4  physici&ts  concenimg 
it.  Of  course,  all  know  that  gravitation,  at  least,  acts  at  a  distance  and 
pulls  objects  together*  When  two  objects  are  in  contact,  gravitation 
causes  their  surfaces  to  press  on  one  another^  Undoubtedly  gravitation 
has  something  to  do  with  cohesion  and  chemical  afiinity,  but  it  is  equallv 
certain  that  some  agency  besides  gravitation  comes  into  play.  Does 
this  other  force  or  concatenation  of  forces  also  pull  inward? 

Clearly  the  theory  of  compressible  atoms  gives  us  a  means  of  fwi^ng 
an  answer  to  this*  question.  For  if  the  atoms  are  compressible,  a  force 
which  puUs  them  together  will  diminish  the  volume  of  the  system  by 
pressing  them  upon  one  another.  Buta  force  which  merely  holds  the  atoms 
together,  without  pulling  inward,  oocdd  have  no  such  effect.  Henoe, 
assuming  pragmatically  that  the  practicable  bulk  of  an  atom  is  com- 
pressfbk>  we  may  infer  that  cohesion  exerts  pressure  if  we  find  diminished 
volume  in  cases  where  great  cohesion  is  known  to  exist.  Precisely  the 
same  argument  may  also  be  applied  to  chanieal' affinity.  Consistency 
in  the  outcome^  must  afibrd  strong  sufiport  for  the  assumption  on  which 
the  inference  was  based; 

Plentiful  data  exist  supporting  this  point  of  view.  Although  it  is  some- 
what diiffictflt  lit  a  brief  lecttire  of  this  sort  to  present  clearly  the  situation 
(because  the  Variables  are  so  many  that  no  feasible  mode  of  representation 
can  make  all  of  the  relationships  clear  at  once)  it  is  hoped  that  the  fcdlowing 
explanation  may  be  comprehensible  and  convindiig: 

Let  us  first  study  the  behavior  of  cohesion,  because  some  knowledge 
of  cohesion  is  necessary  in  order  to  interpret  chemibil  aflinity.  Cohesion 
manifests  itself  in  various  ways.  The  most  obvious  is  the  mechanical 
resistance  to  the  separation  of  one  part  of  a  substance  from  another. 
Thus  it  appears,  often  modified,  in  the  properties  of  ductility,  malleability, 
tenacity,  hardness,  and  may  be  supposed  to  be  concerned  with  surface 
tension  and  with  resistance  to  evaporation.  There  are,  therefore,  many 
guides  which  afford  an  approximate  idea  of  the  magnitude  of  the  cohesive 
tendency  which  may  exist  in  a  substance. 

We  may  then  ask  ourselves:  Do  bodies  having  great  cohesive  afiinity 
act  as  if  they  were  under  great  internal  pressure?  If  this  is  the  case,  it 
would  not  be  imreasonable  to  ascribe  the  great  pressure  to  great  cohesion. 

What  now  .are  our  guides  as  to  the  presence  of  firessure  in  a  given 
system?  The  most  obvious  is  the  diminution  of  the  volume,  because 
pressure  always  pro4uces  decreased  voltune.  Diminishing  volume  of 
course  means  that  the  density  of  the  substance  in  question  is  increased. 
Hence,  other  things  beixi^  equal,  if  the  external  pressure  is  constant,  at 
least  one  of  the  causes  of  the  appearance  of  a  greater  density  in  a  given 
substance  may  be  the  existence  of  a  greater  internal  pressiure  withki  it. 
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Another  evxdenoe  that  iMVSSure  exi^  within  a  given  system  is  to  be 
foimdin  the.  slight  effect  of  further  additional  pressure.  From  this  tenta- 
tive clue,  based  upon  experience,  one  may  infer  that  the  existence  of 
only  a  slight  compressibility  in  any  system  probably  signifies  the  residence 
already  in  that  substance  of  considerable  internal  pressure,  upon,  which 
the  sH^t  added  increment  will  have  but  Httle  percentage  effect.. 

Yet  another  still  more  subtle  evidence  of  great  pressure  in  any  system 
is  the  constancy  of  the  compressibilities  under  changing  pressure.  In 
a  system  already  under  great  pressture  each  small  successive  addition  of 
pressure  will  be  nearly  the  same  percentage  of  the  whole,  audi  therefore, 
each  like  addition  would  ,be  expected  to.  have  very  nearly  the  same  effect 
upon  the  volume.  On  the  other  hand,  if  the  substaQce  is  under  small 
pre^ure,  each  successive  eqi;ial  addition  of  pressure,  will  b^  a  much 
smaller  p^centage  than  theprepeding  and  would,  therefore«have  a^e^tly 
diminished  effect  upon  the  volume.  Thus  if  the  cprnpressibility  decrea^ 
gfem,Hy.  with  increii^ng  pre99ui^«  one  may  infer  thait  b(ut  little  pressure  was 
pff^s^t  in  the  first  casen  b(i|it  '4  a  body  possesses  a  ^nall  compr^bility 
which  is  nearly  constant  oyer  ^  wide  range  of  priessfure,  we,  sho^ld  feel 
ob)|jged,to,b^ve  that  a  groatiotemal  pressture  was  ahready  pre3ent  in  some 
fonw  viU^»  the  Wfbstance- . 

A  fourth  meaiQ^  of  gue^siogas  to  the  preaence-of  intemal.pressMre.may 
be  infcfred  qualiUtively  from  tb»  effect  of  temperftture  upon  the  body  bei^g 
stodied.'  Where  a  rise  of  temperature  produces  a  very  marked  effect 
vptm  the  volume*  we  mi^  guess  that  44iere  lu-e  only  gentle  f<^xes  holding 
the  bddy  tiogether;  but  where  the  effect  of  rising  temperature  ia  slight, 
tve  may  suppose  the  internal  pressure  to  be  greats 

We  have,  tl^n,  in  addition  to  the  several  criteria  indicating  a  tendency 
to  hold  together,  four  different  methods  of  evaluating  a  tendency  to  puU 
together.  If  the  phenomei»  show  that  these  tendencies  all  go  hand  in  liand 
the  presumption  would  be  very  strong  that  great  cohesion  produces  pressure, 
and  that  this  pressure  is  actually  effective  in  reducing  the  volume  of  soUd 
and  liquid  substant^es. 

Because  of  thfe  many  variables  involved,  it  is  clear  that  our  safest  con- 
du^ns  are  to  be  drawn  from  the  comparison  of  isomers;  here  we  can  com- 
pare a  number  of  substances  having  exactly  the  same  components. 

The  following  table  compares  seven  properties  of  two  typical  organic 
isomers.  In  every  case  the  relation  is  exactly  in  accord  with  the  theory 
in  question.  The  denser  has  the  less  compressibihty,  the  less  decrease  of 
compressibility  with  pressure,  the  less  coefficient  of  expansion,  the  higher 
boiling  point,  the  greater  surface  tension  and  the  greater  heat  of  vaporiza- 
tion. That  this  solidarity  of  all  the  properties  should  be  due  to  chance 
is  extremely  improbable. 
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P&OK8KTISS  OB  Bthyl  BuTVKjuni  AMD  laoBinnnAYB. 

Btflgrl  botarntt.  Bthsn  iMbctjmte. 

Peii9il^ »      0.8785  0.8710 

Compressibilit^r  X  10* 76.9  80.8 

Decrease  of  compress,  (per  200  atm.)  X  10* 13 .6  15 .0 

Coeff.  of  expansion^ 0.001247  0.001294 

Boiling  point 120.8*  109.8* 

Surface  tension M-58  33.3 

Heat  of  vaporization  (kilojoules  per  mol) 34.7  33 .9 

Many  other  such  tables  might  be  given;  and  although  in  some  cases 
deviations  from  the  theory  appear,  the  percentage  of  agreement  among 
the  many  substances  which  I  have  thus  far  compared  is  so  very  great  that 
the  evidence  is  overwhelming. 

I^t  us  now  change  our  method  of  comparison.  Instead  of  comparing 
many  properties  of  two  substances,  let  us  compare  two  properties  of 
many  substances.  For  example  let  us  compare  the  boifing  points  and 
densities  of  substances  having  the  formula  CtHuQi.*  Here  it  is  seen  that 
the  greater  denaty  foUows  closely  the  higher  boiHng  pdnt,  exactly  as  tbe 
theory  suggests.    (The  diagram  is  given  on  the  opposite  page.) 

Again,  the  comparison  of  the  surface  tendons  and  compressibilities  of  a 
number  of  compotmds  of  carbon,  hydrogen,  nitrogen,  and  oxygen  chosen 
at  random  shows  a  marked  tendency  to  gmuptng  in  a' definite  cuive  of 
llie  kind  predicted.'  This  is  very  striking^  especially  when  one  eonsiders 
the  great  variety  of  substances  discussed.  The  relation  between  the  com* 
pressibility  and  its  decrease  with  pressure  is  also  striking.^  Here  again, 
although  thene  is  some  scattering,  the  points  are  all  grouped  near  a  definita 
curve,  showing  that  there  is  a  real  relation  of  exactly  the  sort  indicated 
by  the  theory  of  compressible  atoms.  It  is  dear  that  all  these  phenomena 
taken  together  constitute  so  strong  a  basis  of  fact  that^one  can  hardly 
avoid  the  conviction  that  they  are  due  to  a  common  cause;  and  the  only 
reascHiabk  cause  seems  to  be  the  action  ci  cohesion,  which  is  thus  ahown 
to  exert  pressure. 

These  considerations  led  to  the  actual  experimental  study  of  com- 
pressibility because,  as  a  rule,  it  is  a  mistake  for  anyone  to  theorize  greatly 

i^Tkese  data  were  detemined  as  follows:  The  rise  of  temperature*  needed  to 
make  each  liquid  expand  3.43%  of  ita  original  volume  (in  a  calibrated  dilatomrter 
allowing  for  the  expansion  of  the  glass)  was  found  by  repeated  experiments  to  be  37.3* 
for  the  butyrate  and  26.2^  for  the  isobutyrate.  The  initial  temperature  was  21.5*, 
and  the  coefficients  are  referred  to  the  volume  at  this  temperature.  The  result  is, 
therefore,  tlie  mean  value  over  this  range  (or  about  that  at  35^)  referred  to  the  Tiriunie 
at  2 1 .5  ^.    As  comparative  results  alone  are  needed,  this  suffices. 

*  Richards,  Prpc,  Am.  Acad,,  39,  594  (1904).,  A  somewhat  similar  comparison  is 
made  by  W.  A.  Noyes  in  his  Organic  Chemistry,  p.  368  (1902). 

'  Richards  and  Mathews,  Tms  Journal,  30,  ti  (1908). 

*  Richards,  Stull,  Mathews  and  Speyers,  Ibid.,  34,  990  (1912). 
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9bout  a  seri^  of  ph^nwiva*  wth  wbich  be  bas  not  come  f^oe  ]to  face  in 
the  teboratmy.  TU$  woir]c»  as  well  as  much  other. worl^  c^sduc^  in  this 
laboratory,  has  been  geoerjOU$ly  subsidized  by  the  Cani^gif;  Institution  of 
Washington.  The  akeady  e^nsting  methods  for  detenuioing  compressi*- 
bility  having  been  found  ifiadequatej  a  new  and  conve^ieiit  method  for 
determining  this  somewhat  elusive  property  was  devised*  With  the  help 
of  this  method  the  compressibilities  of  about  forty  elements  have  been 
determined  at  Harvard — only  two  or  three  having  been  known  before. 


Boiling  Points  and  r>Ex«iTiEft  or  SumstanWss  €7  Hj^ 'O^. 
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Fig.  I. 


Tbe  divergent  point  on  tbe  qcdinate  130  ^rejvepentsinethflo^nrQate.  and  t^t  less 
dhrcrgent  on  the  ordinate  139  ^  isoamyl  acetate. 

The  othc^  substances,  named  in  order,  are  isopropyl  isobut3rrate,  isopropyl  buty- 
xBte»  propyl  isobutyrate,  ethyl  isovalerate,  butyl  propionate,  propyl  butyrate,  ethyl 
valerate,  isobutyl  propionate,  omyl  acetate,  methyl  isobntyl  acetate,  hexyl  fotmiate, 
isoamylacetic  add,  isoheptyltc  add,  iso-onanthic  add,  and  h^ptylic  add. 

It  was  found  that  in  the  case  of  the  solid  elements  the  compressibility  shows 
periodic  fluctuation  as  the  atomic  weight  increases,  and  that  in  general, 
with  elements  as  with  compounds^  the  bulky  volatile  substances  are  the 
most  easily  compressible.  This  was  new — ^neither  the  facts  nor  the  ex- 
planation had  been  available  before.  Obviously  the  explanation  is  ex- 
actly like  that  applied  to  the  isomers  above.  When  a  substance  is  held 
£rmly*  together  by  cohesion,  that  is  to  say,  when  it  is  non- volatile,  one 
would  expect  it  to  be  much  compressed  by  this  great  cohesion.  There- 
fore^ it  should  be  dense,  that  is  to  say,  have  small  atomic  voltune;  it 
should  be  slightly  compressible,  and  should  possess  only  a  small  coefBdent 
of  expansion.    This  is  predsely  the  case. 
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Ccmsistently,  elements  with  great  atomic  vohtmes  show,  in  general, 
also  great  volatility,  great  compressibility,  great  coefficient  of  expansion, 
and  great  change  of  compressibility  with  increasing  pressure.  The  ac- 
companying diagram,  taken  from  the  Faraday  Lecttoe  of  191 1,  clearly 
indicates  the  relation  of  atomic  volmne  to  compressibility  in  the  cases  of 
those  solid  elements  which  have  been  measured. 


t 


COMPARISON  of  ATOMIC  VOLUMES 


IIATOMIC 


Fig.  2. 


It  is  true  that  the 'regularity  is  not  perfect,  but  the  small  discrepancies 
may  often,  if  not  always,  be  explained  through  taking  account  <rf  the  un- 
doubted fact  that  the  tendency  even  of  elementary  atoms  to  ding  to  one 
another  manifests  itself  in  diverse  ways.  Thus  many  elements  make 
polyatomic  molecules,  and  the  internal  pres^hures  within  the  molecule 
must  be  greater  than  those  which  bind  the  separate  molecules  together. 
This  latter  cohesive  tendency  is  that  which  has  to  do  with  volatility, 
whereas  the  other  properties  are  usually  determined  by  a  net  effect  due 
to  both.  On  the  i^ole,  then,  tl^  evidence  becomes  extremely  strong 
that  cohesion  exerts  pressure. 

Let  us  now  turn  to  chemical  affinity. 

If  cohesion  produces  compression,  must  not  the  far  stronger  aggrega- 
tion of  forces  which  (for  lack  of  a  better  name)  we  call  "chemicU  affinity" 
also  produce  compression?  If  this  is  the  case,  must  not  chemical  affinity 
be  one  of  the  essential  factors  in  determining  the  volume  of  all  liquid  and 
solid  substances?  This  is  a  highly  important  question,  the  answer  to  which 
brings  with  it  quite  a  new  interpretation  of  the  mechanism  of  chemical 
action. 

Since,  as  we  have  seen,  cohesion  is  an  important  influence  in  determin- 
ing liquid  and  solid  volumes,  we  can  only  hope  to  trace  the  further  effect 
of  chemical  affinity  after  we  have  made  allowance  for  such  an  effect  as 
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cdbtemou  may  produce.  Because  as  a  ruk  both  occtu-  together  and  the  total 
•  vohtme  must  be  fixed  by  superposition  of  the  two  effectSi  it  is  hard  to 
discriioiiiate  between  the  two.  We  can,  therefore,  expect  to  trace  the  rela- 
tive compressing  efifect  of  aflSnity  most  satisfactorily  by  comparing  cases 
in  which  the  effects  of  cohesion  in  both  factors  and  products  are  not  very 
different.  To  dte  a  definite  exan^>le,  a  good  case  to  conq)are  would  be  the 
contractions  whidi  occur  on  forming  the  chlorides  of  strontium  and  lead, 
for  the  two  metals  are  not  very  different  in  boiling  point  (a  fact  which  shows 
that  their  internal  cohesive  affinity  is  not  very  different);  moreover, 
the  resulting  compounds  *a]6o  are  neither  of  them  very  volatile;  and 
diknine  is  common  to  each  reaction.  Hence  one  may  have  a  reasonable 
ei^eciation  that  a  comparison  of  these  two  substances  should  yield  some 
due  ^as  to  the  relative  compressing  effect  of  the  affimty  of  chlorine  for 
the  two  metals. 

What  are  the  facts?  A  gram-atom  of  strontium  occupies  34.5  cc., 
and  two  gram-atoms  of  chlorine  occupy  50  cc.,  or  84.5  cc.  in  alL  But 
a  gnun-mokcule  of  strontium  chloride  occupies  only  51.9  cc.;  henoe  in  the 
act  of  its-  formation  there  has  been  a  contracticm  of  32.6  cc.  Similar^, 
when  a  gram-atom  of  lead  unites  with  chlorine  there  is  a  contractton  of 
20.J  oc;  distinctly  less  than  in  the  former  case.  This  is  just  what  we 
should  expect  if  affinity  causes  compression,  for  the  affinity  of  strontium 
for  chlorine  is  undoubtedly  much  greater  than  that  of  lead  for  chlorine. 
The  heats  of  formation  of  these  dilorides  (which  in  parallel  cases  of  this 
kind  give  a  roughly  approximate  idea  of  the  relative  free-energy  changes 
involved)  are  772  and  346  kilojoules  per  mol,  respectivdy;.  .moreover, 
strontium  will  replace  lead  in  this  compound. 

Many  other  similar  cases  have  been  noticed  from  time  to  time.  The 
first  seems  to  have  been  pointed  out  by  Humphry  Davy  in  a  footnote  to 
one  of  his  papers,^  and  figures  of  this  sort  have  been  quoted  occasionally 
by  others  (espedally  MtiUer-Erzbach,  Hagemann,  and  Traube)  as  showing 
that  high  diemical  affinity  is  associated  with  small  vcrfume.  Neverthe- 
less none  of  the  earlier  observers  succeeded  in  convincing  the  chemioal 
public  of  the  generality  of  the  proposition,  perhaps  for  the  reason  that 
there  appeared  to  be  altogether  too  many  exceptions  to  the  rule;  more- 
over, the  argument  was  logically  incomplete.  According  to  the  present 
theory,  the  supposed  exceptions  are  seen,  usually  if  not  alwa3rs,  to  support 
the  rule;  indeed  they  are  really  necessary  consequences  of  the  rule.  The 
effect  of  cohesion  may  entirely  mask  the  effect  of  affinity,  espedally  when 
some  of  the  factors  or  products  are  volatile  substances  in  which  the  cohesive 
internal  pressure  is  slight;  again,  one  must  obviously  take  into  account  the 
compressibility  of  the  bodies  under  examination.  Both  these  modifying 
tendendes  were  entirely  ignored  by  the  earlier  experimenters;  but  the  prob- 
>  Humphry  Davy's  "Collected  Works."  5,  133  (1840). 
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4b1e  ittdtietice-  of  eflchUentkiicy  is  nbw  dear,  and  thdr  odsteacs  explains 
ttisLttf  ttppa^nt  irtegukriti^  Which  dren^w  aeeato  be;  due/not  to  <ajktci- 
<k»l,  but  m^fd;^  to^  tht  neces^affly  ikmf n^ng  stfperfxidtiofi  of  the  aeveial 
effects*     •         •      ?  .     ,       .     .        . 

The  example  dted  abofve  (namdy,  the  comparisoii  of  the  dilorides  of 
srttbntititii  and'l^d)  was  espMeHAj  chosen  bedaiise  the  compresiibUtties 
<rf  the  ekflietitsi  (l^d  ^atni  dtrdntiiim)  are  not  far  apartc  the  diffetendft  in 
the  contractiofi  may*  therefoni  be  aseribed  ddefly  te  the  diffei^iitte  in 
affinity.  The  eSt^t  of  com^ve^biUty,  On  ttre  other  hand,  is  bctt  ieen 
by  comparing  the  contractions  o(!ctirring  dmfidg  the  formatiDn  'Kji  ^imilaf 
compounds  of  elements  having  large  and  widely  different' compressibilities^ 
but  siitf lar  affiaStied/  The  series  of'  fivealkaHBe  chlorides  is  espedotty 
Stable  for  this  pnrpose;  the  elements  are  all  tairly  similar  to  one  another 
as  to  thdr  cohesiveness  (that  is  to  say,  their  boiling  points^  eJeoept  in  the 
case  of  fithium,  are  not  very  far  apart)  aoid  theb-  affinities  for  diloifw  lOso 
krt  not  very  differedt;^  but  their  dompresdMlities  vary  indely.  The  fol* 
lo^tig  table  and  diagram  compare  the  laHer  datai^th  tiic;  coiitractiDa  on 
combination.  It  is  dear  that  the  greater  theoompresribiUty  of  the  metals 
the  greater  is  its  contraction  on  combhiatioa. 

CoM]itttssnntm]«s  or  MKTAts  of  ran  ALKAtiBS  Coict^AitaD  with  Ttts  CoNtiAclnoK 
Occuaamo  ntntmo  tbs  Fovvavion  mf.tBSOL  CsQu>Kn>as^ 

CootxBctiiQii  on  foc^ 

Compfeaftibnitle*  tnmtfoo  from  etementf . 

(x  10*)  of  dtiiisiiu.  Cc.  p«r  1  tanA. 

Lithium 9.0  17.6 

Sodium 13.6  21.5 

Potasaum...... 31.7  33*1 

Rubidium '40  56. S 

Qaesium 6t  53.6 

Many  comparisons  of  this  sort  might  be  dted,  for  example,  the  behavior 
of  the  several  haUdes  of  any  single  alkali  metal  is  equally  striking,  but 
tibbese  t3rpical  PTPsmples  indicate  suffidently  for  a  brief  discourse  the  im- 
portant relation  of  the  OMnpressibilittes  of  the  elements  to  the  volumes  of 
their  compounds*  No  more  convincing  argument  in  favor  of  the  theory  of 
compressible  atoms  could  be  desired*  * 

When  the  dements  entering  into  such  a  comparison  are  widdy  dLffer** 
ent  in  cohesive  affinity,  or  when  the  resulting  compounds  are  not  fairly 
compaxable  in  this  regard,  the  effect  of  chemical  affinity  may  be  masked 
by  the  differences  of  cohesiveness.  Thus  the  comparison  of  volatile 
with  non-volatile  substances  cannot  be  expected  to  3ridd  results  as  con- 
sistent as  those  gh^en  above.  Enthusiasts  or  critics  iaterested  in  the  de* 
tails  will  find  a  discussion  of  typical  cases  of  this  kind  in  previous  papers 
concerning  the  significance  of  changing  atomic  volume.' 

>  See  the  PaindBy  Lecture  of  19x1  (Richards),  espeda%  the  diagram  given  oa 
page  1215  (/.  Chem,  Soc.,  99,  120X  (19x1). 

« Proc.  Am.  Acad.,  39,  590.  592  (1904);  This  Journal,  31,  X90  (1909). 
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Fig.  3. — Diagram  dei>ictliig  data  In  table  oppodte.    Contractioti  on  comtnnatioo  (in  oc. 
per  1110I)  is  plotted  ordiilatdr;  compressibilities  (of  the  etemcoCB)  wm  plotted  at 


*!  AA  htteiesUng  coronary  siig^erted  by  this  diagram  is  to  befe4md  in  the  txtmpdk^ 

tton  of  the  curve  toward  the  left.    The  paint  where  the  absoitaafiatooti  iftP  indiefitci 

tha  hypothotioal  cootiaetiap^  w^ch  w^uld  take  place  if  aa  jmfiginiyy  inoompressiblf 

dement  were  combined  with  chlorine,  by  an  af&nity  about  eq^  to  that  of  the  others 

to  form  a  compound  similar  to  lithitmi  chloride.     Since,  in  tl^  case,  the  contraction 

of  12.5  cc.  must  be  due  to  the  is  cc.  of  chlorine  alone,  we  may  suppose  that  in  eadh  of 

the  actual  cases  of  the  lOkafi  dilorides  the  contraction  taxuk  be  about  the  same,'atid 

thait hi eadicas^ the chloiineaQdupica about 2i^ — latS'^ia^Oe-    Fnmithi^ assumption 

aii4  the  actual  total  centractionsi  tha  table  which  foUpws  (give^i  l^erft  for  the  fixst  time) 

has  be^  computed. 

ArFSuomHAXH  Pbtaxlkd  VoLVicB-Rm^TiONS  OP  Solid  Ax^kali  Chlorides  on  th^ 

Assumption  that  thb  Chlorinb  in  Each  Occupies  about  12.5  Cc. 

Hypothetk^il 

A«tu^  WUl     H jpoifaetlciU         contrMiptioa 

mpL  vol.  at.  vol.  of  of  metal  on 

of  salt.  sntalteMlL       coiahfatiwi^ 

l#ithinm  chloride 20.5                 9.0  5.x 

Sodium diloride; 27.2  14.7  9.0 

Potassium  chloride 37*3  24*8,  m>.6 

Rubidit^  chloride 44.0  '31 -5  24.3 

Caesium  chloride 42.4  29.9  41.  i 

These  values  do  not  pretend  to  be  absolutely  precise,  and  their  interpretation  Is 
complicated  by  dififerences  in  the  cohesive  properties  of  the  molecules  concerned;  but 
they  are  nevertheless  interesting,  because  they  give  a  due  to  the  mechanism  of  the  r^ 
action. 
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The  theory  has  had  another  interesting  outcome,  which  bids  fair  to  bear 
much  fruit  in  the  futtu-e.  If  atoms  are  compressible,  the  uneven  compres- 
sion caused  by  (^erently  applied  chemical  affinities  might  be  supposed 
to  restrict  the  heat-vibration  existing  within  their  elastic  boundaries. 
This  restriction  would  lessen  their  heat  capacities  (which  are  measured  by 
the  quantities  of  heat  needed  to  cause  a  given  change  of  temperature) 
and,  therefore,  expel  some  heat-vibration  already  present  which  could  no 
longer  be  acconmiodated  by  the  system;  for  diminished  heat  capacity  at 
ordinary  temperatures  probably  indicates  diminished  average  h^t  ca- 
pacity over  the  whole  range  down  to  the  absolute  zero.^ 

Since  the  heat  energy  contents  of  any  system  must  be  supposed  to  be 
represented  by  the  product  of  the  absolute  temperature  into  the  integral 
heat  capacity  over  the  whole  range  (plus  the  latent  heat  involved  in  any 
change  of  phase  which  may  have  occurred),  a  diminution-  of  the  heat 
capacity  at  ordinary  temperatures  must  expel  some  of  this  contained  heat 
energy.  Thus  the  theory  predicted'that,  iidien  during  a  given  reaction  the 
heat-capadties  of  the  substances  concerned  were  diminished,  one  would 
expect  also  to  find  an  output  of  heat  during  this  reaction  in  excess  of  that 
corresponding  to  the  chemical  work.  Thermti  .energy  thus  displaced  at 
con3ta,nt  temperature  could  not  be  expected  to  be  capable  of  doing  work; 
and  we  may  reasonably  ascribe  to  this  cause  at  Least  a  part  erf  the  well- 
known  difference  between  the  total-energy  change  and  the  intftasTgy 
change  oi  an  iaothennal  reaction.'  MocooveXt  it  seemed  probable  that 
some  of  the  driving  energy  of  the  reaction  might  be  needed  to  aocotaplish 
this  effect,  and,  therefore,  not  be  able  to  perform  outside  work.  These 
two  considerations  together  might  account  for  the  puzzling  "bound- 
energy''  of  chemical  change,  which  was  recognized  but  not  explained  by 
thermodynamics.  The  mathematical  analyses  of  Helmholtz  and  I^wis 
(afterwards  confirmed  by  Haber)  had  shown  the  problem  to  be  beyond 
the  power  of  contemporary  thermod3mamics  alone;  but  the  idea  seemed  so 
plausible  that  an  effort  was  immediately  made  to  submit  it  to  practical 
verification.  1  was  able  to  show,  in  cases  of  certain  typical  reversible  gal- 
^  The  somewhat  academic  theory  of  the  equipartition  of  energy  suggests  a  difficulty 
in  the  situation,  demanding  that  such  a  system  (f.  e.,  one  continuously  deformable) 
should  possess  an  infinite  heat  capacity.  But  this  theorem  notoriously  fails  at  low  tem- 
peratures, and  even  at  high  temperatures  it  is  very  arbitruy  in  its  assumptions  con- 
cerning restraints;  hence  its  demands  may  be  set  aside  in  this  case.  Lack  of  space 
forbids  here  any  further  discussion  of  the  relative  magnitudes  of  potential  and  kinetic 
energy  in  a  condensed  system! 

*  Helmhc^tz  had  proved  that  a  thermodynamically  indeterminate  integration-con- 
stant was  involved  in  this  relation,  and  Lewis  at  HiMvard  had  shown  mathematically  that 
change  of  heat  capapity  must  be  concerned  in  "bound-energy:"  but  neither  proposition 
was  sufficiently  definite  to  lead  to  much  outcome.  See  Haber,  ''Thermodynamics  of 
Technical  Gas  Reactions,"  translated  by  A.  B.  I^mb,  p.  45,  191 1,  also  G.  N.  Lewis, 
Proc.  Am.  Ac€ul.,  35,  7  (1899). 
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^j^anic  celts,  tbat  trlien  ftiee  energy  ds^inge  increases  <^tb  rising  tetnperattu^^ 
tdtal  energy  change  tfecreases,  and  vice  versa.^      ' 

''  From  this  interesting  discovery  two  fundamental  Conclusions  Were  then 
drawn:  first,  that  **When  the  heat  cdpacity  of  a  system  does  not  change  dur- 
ing a  reaction,  and  concentration  influences  are  batanded/th^  free-energy  and 
total-energy  changes  of  the  reaction  are  equal  and  unchangable  with  the  tem- 
perature;*' and  secondly,  that  *'*the  sign  and  magnitude  of  the  difference  be- 
tween the  free  and  total  energy  changes  is  dependent  upon' the  sign  and  magni- 
iude  of  the  change  of  W^  heat  capacity  of  *e  system."^  When  the  heat 
capacity  decrea^  (as  is  more  usual)  during  the  reactioik,  the  total  energy 
change  exceeds  the  free  energy  ciiange,  and  vice  versa.  It  was  further 
pointed  out  that  the  dSeitncfe  iD^tween  these  two  nmist  diminish  as  the 
temperature  approached  the  absolute  zero,  where  the  two  must  become 
identical,  running  into  one  another  almost  if  not  quite  asymptotically.* 
AB  these  ideas  were  ifterwasrd  (1906)  adopted  unchanged  by  Nemst  in 
his  recent  develojjttientt  at  the  "  Wfatnetheorem**  ustusOly  named  after  him: 

The  next  step  was  obviously  to  determine  the  actual  amount  of  heat 
displaced* by  change  of  heat  capacity,  in  order  to  determine  whether  or 
not  this  was  exactly  equal  to  the  bound-energy  (that  is,  the  (fifference  be- 
tweta  the  free-  and  total-energy  change).  To  do  this,  one  mudt  know  the 
specific  heats  of  factors  and  products  over  the  whole  range  of  temperature; 
but  data  were  lacking.  Hence  a  new  method  was  devised  at  Harvard, 
and  the  preliminary  results  showed  that  the  specific  heats  of  solids  at  low 
temperatures  are  much  smaller  than  had  been  supposed.^  The  intention 
had  been  to  continue  with  this  highly  interesting  and  significant  discovery; 
but  before  this  could  be  done,  .these  various  ideas  also  weie  taken  up  by 
Nemst  and  incorporated  into  the  new  "Wfinnetheorem." 

It  is,  perhaps,  not  out  (rf  place  to  point  out  here  that  the  new  feature 

^  Thai  is  to  Sfty,  expressed  matfaeniatically  dA/dT  «•  — n  dU/dT,  in  which  A 
fepreaents  free  energy,  U  total  energy*  and  n  a  number,  which  was  found  often  to  be 
about  2 .  Of  oourae  dV/dT  is  nothing  moi%  nor  less  than  the  change  of  the  beat  capacity 
during  the  reaction.  J.  M.  Bell  has  questioned  the  sufficiency  of  the  evidence,  but 
he  has  neglected  to  note  that  although  Marignac's  data  (upon  which  I  relied)  were 
perhaps  absolutely  not  very  accurate,  they  are  relatively  to  one  another  much  more 
to  be  depended  upon;  and  in  this  question  relative  accuracy  alcme  is  concerned  (/. 
Phys.  Chem.,  9,  402  (1906)).  Brdnsted  has  evidenUy  quite  failed  to  understand  the 
original  idea  although  he  has  provided  much  of  interest  as  to  its  later  development 
(Z.Phys.  Chem.,  $6^653  (1906));  but  van't  Hoflf  {BoUtmann  Festschrift,  p.  233  (1904)) 
and  Haber  {loc.  cit.)  saw  its  significance. 

•  Richards,  Proc,  Am.  Acad.,  38,  307,  300;  Z.  physik.  Chem.,  4a,  143,  136  (1902). 

•This  is  explicitly  stated  {Proc.  Am.  Acad.,  38,  301  (1902);  Z.  physik.  Chem., 
4a,  138  (1902)).  The  mathematical  expression  of  the  latter  alternative  (complete 
tangency)  is,  of  course,  that  later  written  by  Nemst,  namely  ((fU/<rr)T-0  = 
(rfA/iTDT-O. 

^  Richards  and  Jackson,  Z.  physik.  Chem.,  70,  450  (1909). 
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first  introduced  by  the  mathemalical  physicist  was  the  arfaitrgfy  aasumptioQ 
of  the  simplified  equation  U — /5T*  —  A  +  /ST*.  This  assumption,^  siiyof 
abondoned,  introduced  the  great  convenience  of  maldx^  the  situation 
a^nenahle  to  mathematical  treatment.  Qualitatively  th^  Nemst  propo- 
sition especially  in  its  recent  more  complex  form,  is  identical  with  that 
older  American  one  from  which  it  was  derived;  the  only  essential  differ- 
ence is  the  assumed  quantitative  formulation.^  In  1902  any  such  atte:^t 
at  greater  definiteness  seemed  unwarranted  by  either  fact  or  theory. 

In  the  intervening  years,  much  experimental  work  has  been  performed 
in  many  laboratories,  stimulated  by  t|he  theorem.  So  far  a?.  I  know,  all, 
or  mearly  all,  of  these  investagatipns  ^have  supported  the  'i4ea  of  i90t; 
but  by  no  me^s  all  <d  them  have  support  exactly  Nefunt's  later  addi* 
tions  to  that  idea«'  Nevertheless,  tl^e  latter  has  certainly  done  gpod 
service  by  stimulating  researdi.  MoftMwer,  even  if  the  final  ^ord  upon 
tfte  gr<Qundwork  of  the  thecny  has  not  befn  $pQk^n«,the  completed  mathe- 
n^itical.^upei^structure  reared  by  >Nem^  upon  the  ea^li^  ooocepta  muf^ 
be  conceded  to  be  exceedingly  clever  and  ingenious. 

When  :the  exact  quantitative  statement  of  the  fundamental' prindpk 
underJIyi^g  these  phenomena  is  dispoveredt  it  will  be  worthy  of  ranking 
with,  the  great  i%yfs  of  tbermodynam^;  and  even  now  jt  i^.pos^Ue  to 
mf^ce  a  general  statement  (lito  tbaA  nmte;  ip  1902)  whic]^  may  not  need 
riKvjisio^  >wbw  the  det^  larfr  mastered,  as  follows;  Ap^rtjrom  ^apicwit 
trolum  is^^cts.  the  bonnd,  en^gy,  ch^M^  ^  <*  cfiewical  reafiifpn,  is,  4SS^mHQUy 
^p^n4fnt  in  sign  and  magtidttufp  \upqf^  ihfi  change  of  heat  ^^pw^y*  VfJfen 
the  latter  is  ^feigcUive  tb^fqrnter  is  fn^^iv^^  afid  niee  versa. 

The  tiMioiy<rfcQmpres8ibte  atoms  was tluiS'the  starting  point irf  a  long 
train  of  thought  and  eiqaeruMetiL 

The  suggestion  that  th^  ideia'  of  atomic'  eomp>pessftylHty  ffli|^t  expUdn 
the.  previously  incomju-efaensible:  voliune  dianges  which  occur  gffi  dis- 
solving salts  in  water'  has  reomtly  been  discussed  by  Baxter.^  He  has 
successfiiny  eliiddated,  through  the  coritpari^ii  of  the  ddnSfttes  of  solutkttS 
of  alkaline  halides,  the  tendendes  at  work;  and  he  finds  that  the  fttctk 
entir^y  axxird  with  the  predictions  of  the  present  theory.  , 

Another  suggestive  applicaticm  of  the  hypothesis  conoems  the  ided  of  the 

}  See  Nernst,  "Theoretical  Chemistry"  (translated  by  Tizard,  p.  ,7i2  (Madmfllan, 
1911)).  trater  developments  have  shown  the  need  of  more  terms;  but  no  attempt  wlU 
be  made  here  to  enter  into  a  discussion  of  the  complex  mathematics^  development  of 
them.  Some  of  the  latest  curves  look  very  like  those  published  iu  my  early  paper 
of  1902,  differing  only  in  details. 

*  Nemst  has  admitted  this  identity  in  one  of  his  American  publications.  "ThennO;' 
dynamics  and  Chemistry/'  Silliman  lectures,  p.  56  (1907). 

*  See  for  example,  Naumann,  Z.  Eiectrochem.,  z6,  778  (1910). 

*  Baxter,  This  Journal,  33,  922  (191 1). 
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'*a^nilnetfieV/caoben  atom  of  vapa'tHeAlaUd  Lc  Bd,  whkll.id  thft«b«sis 
of'  soimudi  of  modcafn  organic  cktmi^sty, '  The  obstihred  phenomeiia  lare 
exactly  what  one  Ivirot^  expect  tf  a  compifisflabk  inu-bcm.^ 
comfMiessed  onfotn'  different  aidesby  the  fouir!  different  affinities  >tn]ieFefit 
in  fdur  otfaet;  difisimikir  «toms.  An  atom^  >af>heriQal  in.  the? first  places 
weuid  thus  be  ooatpressed  into  an  ircegubur  twisted. itetr^dtedrott,  .Yfhieh 
vould  have  its  attached  atoms  securely  held  on  its  fdces>  and  not  iiapossibly 
perched  on  its  projecting  angles,  i  <ieon^tricaUy  an  arfangetomt  of  tibis 
■017  kind  answen  the  lequimments  as  well  as  the  old  conception;  add  it  is 
ecrtaialy  moxe  ^ptansibk  from  a  mechanise  point  of  view.  >  That  sneh  a 
twisted  structttfe  should  rotate  the  platie  of-  pokuiaed  light  seems  only 
nataral.  Momoveri  would  not  the  flex&ble  nature  of  the  system*  make 
peesibk  just  sUchichan^  «s  are  manifisst  in  the  weUhknown  but  nofe  satis- 
factorily elucidated  Walden  snversion} .  .: 

One  of  the  yet  more  mcently. developed  aspects  of  the  hypothesis  is 
its  interpretation 'tf  crystal  fdcm.:  The  applieation.of  theJcto  to  this 
field  was  suggested  at  the  begintnng;  and  in-twopafMrB  wfaidii  have  not 
kng  since  appeared  in  our  journal^  various  phenomena  ^(hifaited  by  crys- 
tals-^-such  as  thdr  definite  angles,  the  aimilarity  of  forms  assumed  by 
analogous  substances,  dnd  other  details  concerning  their  highly  63rmmet- 
rical  shapes-^^are  aU  accounted  for  in  a  fashion  which  seems  (at  kast  t0 
the  author)  to  be  mcnre  satisfactory  tha&  any  other  thus  far  suggestedi. 
It  has  long  been  assumed  by  most  speculators  upon  the  chemieal  medhan*- 
iam  of  crystalltzation  tiiat  the  sfdieres  of  infi^uence  of  the  aitoma  must  be 
closely  packed;  but  usually  these  '^s^eies"  are  assumed  to  remain  spher- 
ical, or  nearly  so.  The  present  theory  greatly  modifies  this  notion  by 
pointing  out  that  the  so-called  spheres  of  influence  (the  atonns  them- 
selves, according  to  the  present  definition)  must  be  greatly  distorted  by 
the  affinity  exerted  in  the  act  of  their  combination.  Thus  the  atoms 
must  be  more  closely  compacted  in  some  directions  than  in  others.  The 
total  result  of  the  oystal-unit  or  solid  molecule  thus  formed  must  be  a 
definitely  constituted  aggr^;ate  of  closely  tied  atoms;  and  the  shape  in 
which  this  crystaOographic  unit  can  best  fit  together  with  others  must 
determine  the  crystal  form.  Specific  cases  have  been  worked  out  with 
this  idea  in  mind;  and  the  conception  has  shown  itself  to  be  consistent 
with  the  known  facts  of  crystallography,* 

We  may  well  ask:  what  is  the  distending  tendency,  which  prevents  the 
aflSnities  of  the  atoms  from  contracting  all  soUds  and  liquids  into  a  mathe- 
matical point?  I  have  found  it  convenient  to  speak  of  the  boundary  of 
this  distending  or  repelling  tendency  as  the  surface  of  the  atom,  because 
it  seems  to  accompany  the  atom  wherever  it  goes.  The  present  investi- 
gation does  not  attempt  to  decide  how  the  atom  may  be  constituted  within ; 
1  This  Journal,  35»  382  (1913);  3^,  168^  (i9i4)« 
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it  seeks  simply  to  study  and  dmw  inferences  from  its  outward  behavior. 

Let  us  review  the  essential  characteristics  of  the  boundary  of  this 
distending  effect  which  surrounds  the  atomic  center.  In  the  first  pkoe 
the  distending  tendency  begins  to  be  apparent  at  about  the  distance 
from  the  atomic  center  which  is  defined  by  the  critical  volume.  It  ac- 
companies the  atom  wherever  it  goes,  under  all  temperatures  and  pies^ 
sures.  Existing  both  in  non*electrified  substances,  and  between  electri- 
cally dissimilar  atoms,  it  is  not  apparently  connected  with  electric  repubions 
or  with  any  other  manifestation  of  energy  which  may  be  perceived  upon 
a  largel'  scale.  Pressure,  whether  from  the  chemical  attracting  of  two 
at<nns  by  one  another,  or  from  the  cohesive  action  of  molecules  upon  one 
another's  surfaces,  or  from  impact  of  collision,  or  from  outside  compressioB, 
all  tend  to  contract  this  field  of  influence  at  the  place  or  places  where  the 
pressure  is  applied.  In  liquids  and  scdids  this  distending  tendency  has 
been  counteracted  by  affinity  and  cohesion;  and  in  extreme  cases  the  sur- 
face' of  the  atom  may,  perhaps,  be  compressed  until  the  atomic  diameter 
is  about  half  of  that  corresponding  to  the  critical  volume.  This  is,  after 
all,  a  comparatively  small  range  of  compression;  evidently  the  "spring 
of  the  atom,"  whatever  it  is,  increases  very  rapidly  as  the  atomic  centers 
approadi  one  another.  As  regards  the  nature  of  this  disten<fing  tendency, 
it  is  clearly  not  directly  dependent  in  any  way  upon  heat  vibration.  TUs 
is  shown  by  the  behavior  of  sotids  at  very  low  temperatures,  at  which 
neither  their  bulk  nor  their  compressibility  are  greatly  dimini^ed. 

These  are  almost  inevitable  inferences  as  regards  the  outsicle  of  the  atom, 
but  how  the  interior  may  be  constituted,  other  investigtatloos  must  de^ 
cide.  The  present  theory  makes  no  necessary  populate  as  to  how. the 
atomic  bulk  of  this  so-<»tlled  ''sphere  of  influence,'*  which  I  have  ventured 
to  call  the  atom  because  of  its  persistence,  may  be  filled.  Many  sorts  of 
hypotheses  will  equally  satisfy  the  requirements.  There  may,  indeed,  be 
no  such  thing  as  the  so-called  "substance"  in  tl^  atom.  If,  as  Larmor 
and  others  have  suggested,  the  atom  is  a  minute  vacuous  space  in  a  pro^ 
digiously  dense  ether,  the  boundary  of  the  vacuum  may  be  that  surface 
of  demarcation  capable  of  being  compressed.  If,  as  J.  J.  Thomson  and 
Rutherford  propose,  the  atom  consists  of  positive  and  negative  corpuscles 
or  electrons  held  apart  by  repulsions  within  themselves  and  pulled  together 
by  an  inscrutable  attraction,  the  boundary  of  this  complicated  entity 
(or  at  least  the  boundary  of  the  unknown  repelling  forces  which  abide  in 
it)  must  constitute  the  atom.  Such  a  system  would  be  supposed  to  be 
compressible,  and  all  the  facts  presented  in  the  present  discotuse  seem  only 
what  would  be  expected.  According  to  either  point  of  view  or  to  any  other 
which  may  be  brought  forward,  it  is  not  necessary  to  assume  that  the  bound- 
ary consists  of  a  perfectly  sharp  defining  surface.  Whether  the  atom  con- 
sists of  "substance,"  of  whirling  electrons,  of  complete  vacuity,  or  merely 
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of  a  repelleiit  force^  this  boundary  need  not  be  considered  as  perfectly 
sharp.  It  may  gradually  diminish  with  distance  without  a  sharp  de- 
fining Une ;  but  the  present  research  shows  that  the  e£fect  increases  inversely 
as  the  very  high  power  of  the  distance;  and  because  we  know  of  no  such 
repelling  force  on  a  larger  scale  (excepting  perhaps  magnetism,  which  does 
not  seem  to  be  greatly  involved  in  most  cases)  it  seems  not  unreasonable 
to  imagine  that  there  is  a  fairly  concrete  surface  which  defines  the  atom. 

Tbt  really  essential  part  of  the  whole  discussion  lies  in  the  strong  evi- 
dence that  wk£r€  affinities  are  great  the  atomic  centers  come  closer  together ^ 
and  thai  where  Uie  affinities  are  slight  they  are  further  apart.  This  causes 
each  atom  to  occupy  an  irregular  and  distorted  space,  the  shape  of  which 
is  accotmtable  for  many  of  the  properties  of  matter.  The  "hard  massy 
particle"  of  the  ancients  appears  to  be  a  figment  of  the  imagination. 

Perhaps  to  some  of  you  an  investigation  of  this  sort  may  seem  very  re- 
mote from  the  pressing  problems  of  everyday  life.  Although  we  have 
every  reason  to  believe  that  we  are  made  of  atoms,  we  do  not  commonly 
think  of  them  either  in  relation  to  ourselves  or  to  our  surroundings.  They 
seem  to  be  an  abstract  philosophical  notion,  of  little  significance  in  human 
life;  and  if  atoms  themselves  are  of  little  significance,  why  shotdd  we 
bother  about  their  compiesstbility,  or  the  way  in  which  they  fill  the  space 
allotted  to  them?  Plausible  as  this  argument  may  seem,  it  is  really  a 
very  short-sighted  one.  Our  dominance  over  the  forces  of  nature  de- 
pends primarily  upon  our  understanding  of  them;  and  this  matter  of 
atomic  compressibility,  inessential  although  it  may  seem,  is  bound  up 
fundamentally  with  the  very  nature  of  the  atoms  themselves  and  the 
affinities  which  bind  them  together.  It  can  afiPord  us  new  clues  as  to  the 
intimate  working  of  the  Universe;  and  in  that  way  the  conception  may 
open  up  in  the  futtu-e  perhaps  tmexpected  and  otherwise  unattainable 
insight,  and,  therefore,  unexpected  and  otherwise  unattainable  power. 

You  have  doubtless  noticed  that  much  of  the  subject  matter  of  this 
address  has  concerned  itself  with  properties  and  relations  which  would 
ordinarily  be  caOed  physical,  although  the  audience  as  well  as  the  lecturer 
are  all  primarily  chemists.  There  is  no  anomaly  in  this.  Physics  and 
chemistry  are  inextricably  woven  together;  they  are  indeed  parts  of  one 
science.  The  (organic  chemist  who  would  freely  use  a  thermometer  for 
identifying  his  substance  may  look  with  disfavor  upon  a  compression- 
pump,  counting  the  latter  as  piwely  physical  implement;  but  after  all 
the  pump  is  no  more  physical  than  the  thermometer.  The  intricacy 
of  the  make-up  of  tWs  world  is  so  great  that  every  means  must  be  sought 
to  help  in  its  untanglement,  and  we  may  safely  say  in  these  days  that  the 
chemist  who  looks  askance  upon  physics  is  only  half  a  chemist. 

The  applications  of  the  theory  of  compressible  atoms  to  the  interpreta- 
tion of  chemical  phenomena  and  to  the  suggestion  of  new  research  are  by 
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no  means  exhausted  by  this  brief  discussion.  No  significant  objection 
to  it  has  thus  far  been  encountered ;  but  even  supposing  that  the  idea  should 
be  supplanted  in  the  future  by  something  yet  more  satisfactory — and 
this  is  always  a  possibihty  in  the  progress  of  scientific  thought — one 
would  be  inclined  to  say  that  the  theory  had  already  justified  its  existence. 
The  saying  of  Scriptiwe  **By  their  fruits  ye  shall  know  them''  applies  in 
full  force  to  theories  as  well  as  to  persons,  and  in  the  short  span  of  its  ex- 
istence the  theory  has  been  fruitful.  It  has  "acquired  merit"  in  the  only 
way  open  to  any  such  hypothesis,  namely,  by  stimulating  new  experi- 
mentation and  thus  leading  to  the  discovery  of  facts  and  laws  previously 
tmknown. 
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STUDIES  OF  THE  VAPOR  PRESSTTRE  OF  SOLUTIONS.    ASTATIC 
METHOD  FOR  THE  DETERMINATION  OF  THE  DIFFER- 
ENCE BETWEEN  THE  VAPOR  PRESSURE  OF 
SOLUTION  AND  THAT  OF  SOLVENT. 

By  J.  C.  W.  PRASBR  AKD  B.  p.  LOVBLACB. 

Received  October  12.  1914. 

The  fundamental  importance  of  accurate  determinations  of  the  effect 
of  dissolved  substances  on  the  vapor  pressure  of  solvents,  and  the  lack  of 
agreement  of  results  obtained  by  different  workers  using  dynamic  methods, 
led  the  authors,  in  the  spring  of  19 12,  to  undertake  the  problem  of  improv- 
ing the  static  method  with  the  view  of  making  it  a  method  of  precision. 
After  some  preliminary  experiments,  they  decided  to  apply  the  principle 
of  the  Rayleigh  manometer.^ 

This  instrument  was  designed  by  Lord  Rayleigh  for  the  purpose  of  meas- 
uring small  differences  in  gas  pressure.  It  is  used  by  the  authors  to  meas- 
ure the  difference  between  the  vapor  pressure  of  the  solution  and  that  of 
the  pure  solvent.  The  work  so  far  has  been  limited  to  aqueous  solutions 
of  mannite  at  20**. 

The  essential  features  of  the  manometer  are  shown  in  Pig.  5.  R  R  are 
glass  bulbs,  about  39  mm.  in  diam.,  blown  on  a  glass  fork.  This  is  connected 
by  means  of  a  rubber  tube  with  a  mercury  reservoir  which  may  be  adjusted 
very  accurately  at  any  desired  height  by  means,  of  the  screw  I.  At  the 
centers  of  the  bulbs  are  set  two  glass  points.  The  side  limbs  P  P  communi- 
cate with  the  systems,  the  relative  pressures  in  which  are  to  be  measured. 
>  Z.  physik,  Chem.,  37,  713  (1901);  Trans.  Royal  Soc.,  196,  205  (1901). 
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The  bulbs  are  set  in  plaster  in  an  iron  pot,  M,  which  is  mounted  on  an  axis, 
D,  at  right  angles  to  the  vertical  plane  passing  through  the  points.  This 
permits  of  rotation  by  means  of  the  screw  O. 

Now,  suppose  the  same  presstne  exists  in  the  two  bulbs.  By  manipu- 
lation of  the  two  screws  I  and  O,  the  one  serving  to  regulate  the  height  of 
the  mercury  and  the  other  to  rotate  the  manometer,  the  two  points  can 
readily  be  brought  into  coincidence  with  then  images  in  the  mercury. 
This  is  called  the  zero  position. 

Now,  suppose  the  pressine  in  one  bulb  to  be  slightly  increased.  By 
readjustment  of  the  mercury  level  and  again  rotating,  the  points  can  a 
second  time  be  brought  into  coincidence  with  their  images.  It  is  obvious 
that,  in  order  to  calculate  the  difference  in  pressure  in  the  two  bulbs,  it  is 
necessary  to  know  very  acciu-ately  the  distance  between  the  points  and 
the  angle  of  rotation.  The  angle  of  rotation  may  be  calculated  from  the 
length  of  the  lever  arm,  and  the  rotation  and  pitch  of  the  screw  O.  Or, 
following  Rayleigh,  we  may  determine  the  difference  in  pressure  by  means 
of  a  mirror,  telescope  and  scale,  and  this  is  the  method  actually  used.  A  is 
a  metaUic  mirror  firmly  mounted  in  a  vertical  plane  perpendicular  to  the 
line  joining  the  two  glass  points.  The  axis  of  rotation  lies  in  the  plane  of 
the  mirror.  A  telescope,  with  vertical  scale,  is  mounted  at  a  distanoe  of 
a  little  over  three  meters  in  front  of  the  mirror,  the  image  of  the  scale 
being  at  all  times  visible  through  the  telescope. 

If  d  represents  the  distance  between  the  points,  D  the  distanoe  from 
mirror  to  scale,  6  the  angle  of  rotation  from  the  zero  position,  h  the  difference 
in  pressure  in  the  two'Umbs  of  the  manometer  corresponding  to  this  angle 
of  rotation  and  S  the  scale  deflection,  then  the  following  equations  are 
obtained: 

h  =  dsinS  and  S  <=  D  tan  20 
and 

,  _  cb       sin  0 
"  2D  Vi  tan20* 

Now  for  all  values  of  d  up  to  i°,  r-j—- ^  may  be  regarded  as  unity 

*/j  tan  20 

and  oin  formula  becomes,  h  —  ds/iD,  For  the  particular  instrument  be- 
ing used  in  this  work  0  =  i  °  corresponds  approximately  to  the  depression 
of  a  3-molar  solution  of  a  nonelectrolyte,  d  =  38.88  mm.  and  D  =  3350.6 
mm.      Substituting    these    values    and    making   S  =   i    we  get  h  = 

^-^^ =  0.00580.    This  means  that  i   mm.  scale  deflection  from 

2  X  3350-6 

zero  position  corresponds  to  a  difference  in  presstue  in  the  two 
bulbs  of  0.00580  mm.  By  observing  the  points  through  microscopes 
of  25  mm.  focus,  mounted  on  the  instrument  and  rotating  with  it, 
the  operator  can  set  the  points  to  an  accuracy  of  o.i  mm.  on  the  scale. 
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which  corresponds  to  a  diflferenoe  in  pressure  of  0.00058  mm.  This  is 
the  limit  of  accuracy  of  the  instrument  and  is  approximately  that  claimed 
by  Raykigh  for  his  manometer,  of  which  the  one  used  in  this  work  is  prac- 
tically a  reproduction. 

In  using  an  instrument  of  such  precision  the  authors  are  subjecting  the 
static  metliod  of  measuring  vapor  presstu^s  to  the  severest  test  that  could 
be  applied.    The  results,  however,  have  fully  justified  its  use. 

The  two  great  di£Bculties  involved  in  all  static  methods  for  the  determina- 
tion of  vapor  pressure  of  solutions,  as  pointed  out  by  Ostwald  and  others, 
are: 

1.  The  necessity  for  complete  removal  from  the  solution  of  constituents 
more  volatile  than  the  solvent,  in  particular,  dissolved  gases,  and 

2.  The  necesdty  of  stirring  the  solution  to  prevent  surface  concentration. 
In  this  work,  before  final  observations  are  made,  dissolved  air  is  removd 

ttom  both  solution  and  solvent  to  such  an  extent  that,  after  they  have  stood 
in  a  vacuum  tix  at  least  forty-eight  hours,  the  pressure  due  to  air  in  the 
space  above  the  liquid  is  negligible.  Provision  is  also  made  for  vigorous 
stirring  always  after  any  appreciable  amount  of  vapor  has  left  the  solu- 
tion. This  stirring  involves  a  complete  renewal  of  the  entire  surface  of 
the  solution.  The  methods  by  which  these  two  results  are  accomplished 
may  be  best  seen  by  reference  to  Pigs.  1-5,  and  to  the  following  detailed 
description  of  the  apparatus  and  method  of  manipulation: 

The  Appanitua. 

The  entire  apparatus  is  built  arotmd  the  Rayleigh  manometer,  shown 
at  F,  Fig.  I.  A  more  detailed  sketch  of  the  manometer  is  shown  in  Pig. 
5.  'One  side  of  the  manometer  commtmicates  with  the  solvent  bulb, 
H,  and  the  other  with  the  solution  bulb  I.  i,  2, 3, 4, 5, 6  are  mercury  traps 
whidi  serve  as  stopcocks.  They  may  be  opened  or  closed  by  adjusting 
the  position  of  the  mercury  reservoirs.  The  long  ones  are  of  barometer 
height,  while  the  short  ones  are  about  100  mm.  high.  Since  ordinary  stop- 
cocks are  not  employed,  the  use  of  lubricant  is  avoided.  The  large  bulb, 
B,  is  introduced  to  increase  the  capacity  of  the  system  and  thus  facilitate 
removal  of  air  from  solution  and  solvent.  A  is  a  phosphorus  pentoxide 
bulb  provided  with  a  ground  glass  joint  and  mercury  seal.  C  is  the 
McLeod  gage.    All  connecting  tubes  are  seven  mm.  internal  diameter. 

After  the  apparatus  was  put  together  all  parts  of  it  except  the  Rayleigh 
manometer  and  the  phosphorus  pentoxide  btdb  were  thoroughly  steamed 
out. 

The  bulbs  containing  solution  and  solvent  are  immersed  in  a  water  bath, 
the  temperattu^  of  which  does  not  vary  over  periods  of  several  hotu-s 
more  than  o.ooi  ^,  as  read  on  a  Beckmann  thermometer.  Experience 
has  shown  that  the  Rayleigh  manometer  is  quite  sensitive  to  fluctuations 
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of  0.003^  in  the  bath  temperature,  if  these  fluctuations  occur  over  short 
intervals  of  time.  That  is  to  say,  observations  of  pressure  are  not  constant, 
if  a  Beckmann  thermometer  immersed  in  the  bath  shows  variations  of  as 
much  as  0.003®. 

While  it  is  thus  necessary  to  avoid  sensible  variations  in  the  tempera- 
ture of  the  solution  and  solvent,  no  such  constancy  of  temperature  is 
necessary  for  the  other  parts  of  the  system.  Large  or  sudden  variations 
of  room  temperature  are  of  course  to  be  avoided,  but  experience  has  shown 
that  after  complete  removal  of  air,  slight  changes  in  room  temperature  do 
not  affect  the  pressure  in  the  system,  and  accordingly  accurate  regulation 
of  room  temperattu^  is  unnecessary.  The  temperattu^  of  the  room  is 
.  kept  several  degrees  above  that  of  the  bath. 

In  carrying  out  a  complete  experiment  the  following  procedure  is  adopted : 
The  proper  amount  of  carefully  cleaned  mercury  is  poured  into  each  of  the 
reservoirs  attached  to  the  open  ends  M  and  N  of  the  apparatus  and  the 
entire  system  exhausted  repeatedly  to  the  highest  vaccum  attainable  by 
the  pump.^  The  zero  point  is  then  determined,  after  which  solvent,  par- 
tially freed  from  air  by  boiling,  is  introduced  and  the  remaining  trace  of 
dissolved  air  removed,  as  described  later.  The  solution,  also  partially 
freed  from  air,  in  a  manner  to  be  described  later,  is  next  introduced  and, 
after  complete  removal  of  dissolved  air,  the  zero  point  may  be  redetermined. 
Finally  the  pressure  of  vapor  over  the  solution  is  balanced  against  that  of 
the  vapor  over  the  solvent  and  the  scale  deflection  read.  A  detailed  de- 
scription of  these  processes  follows: 

The  Solvent. — ^The  entire  apparatus  having  been  exhausted,  trap  5 
is  closed  and  the  solvent,  freed  from  air  as  completely  as  possible  by  long 
boiling,  is  introduced  into  the  bulb  from  below  by  means  of  the  arrange- 
ment shown  in  Fig.  3.  This  is  done  as  follows:  A  sealed  bulb,  similar 
to  that  shown  in  Pig.  4  containing  air-free  solvent,  is  placed  between  the 
mercury  reservoir  D  (Fig.  3)  and  the  trap  C  and  the  sealed  ends  broken 
off  under  mercury.  Then,  regulating  pressure  by  means  of  the  adjustable 
merciuy  reservoir,  the  solvent  is  forced  through  the  tip  and  rises  through 
the  mercury  to  the  bulb,  shown  at  H  in  Fig.  i .  In  this  operation  the  solvent 
need  not  come  in  contact  with  air  and  it  is,  therefore,  possible  to  intro- 
duce into  the  apparatus  solvent  that  is  practically  air-free.  There  is, 
however,  in  actual  practice,  always  a  trace  of  air  to  be  removed  after  the 
solvent  is  in  the  bulb.  This  is  accomplished  in  the  following  manner: 
Traps  I,  2  and  4  (Fig.  i)  and  the  McLeod  gage  are  closed,  and  trap  5 
opened  and  allowed  to  stay  open  24  hours.  Trap  5  is  then  closed  and  2 
opened.  After  the  absorption  of  water  vapor  by  the  phosphorus  pentoxide 
in  A  is  complete,  the  McLeod  gage  is  opened  and  pressure  determined. 

^  The  pump  used  is  Gaede's  rotary  mercury  pump,  with  auxiliary  oil  pump,  giving 
a  vacuum  of  o.ooooi  mm. 
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The  residual  air  is  pumped  out  and  the  process  repeated  as  many  times  as 
may  be  necessary  for  complete  removal  of  dissolved  air.  For  practical 
purposes,  the  removal  of  air  may  be  regarded  "complete"  when,  on  stand- 
ing 48  hours  in  a  vacuum,  the  amount  of  air  given  off  by  the  water  is  so 
slight  that  it  cannot  be  detected  by  means  of  the  McLeod  gage;  that 
is,  less  than  0.0004  mm.  The  solvent  having  once  been  freed  from  air, 
may  remain  in  the  apparatus  indefinitely  and  it  is  possible  at  any  time  to 
examine  its  vapor  for  air.    Trap  3  is  now  closed  and  5  opened. 

The  Solution, — Pig.  4  shows  a  device  employed  for  partial  removal  of 
air  from  the  solution  before  it  is  introduced  into  the  apparatus.  The  bulb 
is  drawn  down  at  each  end  to  a  capillary  and  enough  solution  introduced, 
at  the  ordinary  temperature,  to  fill  the  bulb  completely  at  85-90^.  The 
lower  capillary  is  then  sealed  off,  the  upper  end  drawn  down  to  a  very 
fine  capillary.  A,  (about  0.05  mm.)  and  tbe  whole  heated  to  the  tempera- 
ture at  which  the  solution  completely  fills  the  bulb  and  capillary.  The 
latter  is  then  sealed  off  and  the  solution  allowed  to  cool  and  stand  24  hours 
in  the  partial  vacuum  thus  obtained.  The  tip  of  the  capillary  is  next 
broken  off  and  the  process  repeated.  Five  repetitions  of  this  operation 
are  sufficient  to  remove  nearly  all  the  air.  The  solution  is  then  introduced 
into  the  bulb  I  without  coming  in  contact  with  the  air  and  the  last  traces 
of  dissolved  air  removed  in  the  manner  ahready  described  for  the  solvent. 
The  extent  to  which  the  solution  is  concentrated  during  the  process  of 
removal  of  air  after  introduction  into  the  bulb  I  may  be  accurately  cal- 
culated and  never  exceeds  0.1%.  After  the  removal  of  air  is  complete, 
trap  4  is  closed  and  6  opened,  and  a  meastnement  may  now  be  taken. 

Observations  on  the  Rayleigh  manometer  during  the  progress  of  the 
removal  of  air  from  the  solution  are  very  interesting.  It  is  to  be  remem- 
bered that  at  this  stage  tbe  vapor  pressure  of  the  air-free  solvent  is  balanced 
against  the  pressure  over  the  solution,  which  is  equal  to  the  vapor  pressure 
of  the  solution  plus  a  small  air  pressure.  As  long  as  any  air  remains  in 
the  solution,  even  the  smallest  trace,  a  very  long  time  is  necessary  for  the 
establishment  of  equilibrium  after  the  opening  of  trap  6.  The  pressure 
in  the  solution  limb  of  the  manometer,  at  first  very  nearly  the  true  vapor 
pressure  of  the  solution,  slowly  increases  for  24  or  48  hours,  depending  on 
how  much  air  remains.  After  equilibrium  is  attained,  the  difference  in 
presstue  in  the  two  limbs  is  read  in  the  usual  way  by  noting  the  scale  de- 
flection. To  this  apparent  depression  is  added  the  air  presstue  in  the  sys- 
tem, subsequently  determined  by  means  of  the  McLeod  gage,  after  ab- 
sorption of  the  water  vapor  by  the  phosphorus  pentoxide.  The  depression 
thus  obtained  agrees  very  closely,  to  about  o.ooi  mm.,  with  the  true  de- 
pression measured  later,  after  complete  removal  of  air.  The  following 
data  taken  from  the  laboratory  note-book  will  illustrate  this: 
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ExperimefU. — 150  cc«  solution  (0.4  M  mannite)  oonUiiiiiig  a  trace  of  air  were  intro- 
duced at  11.30  A.M.,  Jan.  8th. 

First  Exhaustion. — Trap  4  opened  at  12.15  p.m.  and  solution  stirred.    ScaJe  Read- 
ings, Rayleigh  Manometer: 

12.30      2.15      5.00      8.00  P.M.    Jan.  9,    9.25  AJC 
51.3      51.0      48.5      46.0  45.0  mm. 

Total  time,  22  hotu^,  zero  38.0,  deflection  7  mm.,  air  pressure  0.054  mm. 

Second  Exhaustion, — Trap  4  opened  at  2.40  P.M.,  Jan.  9th.    Scale  Readings; 
3.25      3.40      4.15      5. 30 P.M.    Jan.  loth,     8.45     10.20 A.M. 
57.0      56.6      55.8      54.0  *    49.5      49.0mm. 

Total  time  20  hours.    Pressure  due  to  air  not  read. 

Third  Exhaustion. — Trap  4  opened  at  2.15  p.m.,  Jan.  loth.    Scale  Readings: 
2.20      2.25      3.00      4;oopji.    Jan.  nth,   10.30  a.k.     7.30 p.m.  Jan.  x 2th,  8.30  a jh. 

60.1  59.4      58.0     56.0  53.0  53.0  52.7  mm. 

Total  time  42  hours.  Air  pressure 0.Q36  mm. 

Deflection  15  mm.  Apparent  depression 0.087 

Correction  for  air 0.036 

C^onected  depression o.  133 

Fourth  Exhaustion. — Tnp  4  opened  at  11.30  a.m.,  Jan.  i2tfa.    Scale  readings: 
12.00  M.   12.30     2.00     3.00     4.15  P.M.  Jan.  13th,     9.00   10.20  a.m.     2.00  P.M. 

59.2  59.2     59.1     58.9     58.7  58.0    57.9  57*9  mm. 

Total  time  26  hours.  Air  pressure 0.0068 

Deflection  20  mm.  Apparent  depression o.  116 

Correction  for  air 0.007 

Depression o.  123 

Fifth  Exhaustion. — Trap  4  opened  at  5.00  p.m.,  Jan.  13th.    Scale  readings: 
5.15     745  l*M.     Jan.  14th,     9.45  a.m.     12.40     3.15  P.M. 
61.0    59-7  591  59.5     59.3  mm. 

Time  23  hours.  Air  pressure 0.000 

Depression o.  124  mm. 

The  true  depression,  as  later  determined,  was  0.122  mm. 

The  gradual  development  of  presstire  in  the  solution  side  of  the  manom- 
eter»  as  seen  in  the  first  four  exhaustions,  was  due  to  the  slow  escape  of 
dissolved  air.  The  air  pressure  developed,  however,  became  less  with 
each  exhaustion;  still,  even  in  the  fourth  exhaustion,  when  the  equilibrium 
pressure  of  air  was  very  small,  a  very  long  time  was  necessary  for  complete 
equilibrium  to  be  established.  When  the  solution  becomes  air-free,  equi- 
librium is  always  reached  in  from  15-20  minutes. 

It  should  be  pointed  out  that  the  foregoing  figures,  obtained  during 
the  time  air  is  being  removed  from  the  solution,  are  not  regarded  as  final. 
No  attempt  is  made  to  regulate  the  bath  temperature  with  any  great 
accuracy  while  air  is  being  removed,  the  variations  sometimes  amounting 
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to  0.005  ^  during  this  operation,  and  no  special  effort  was  expended  to  make 
the  above  measurements  anything  more  than  approximately  correct. 
Pinal  measurements  are  always  made  after  no  more  air  can  be  pumped 
off  from  the  solution  and  while  these  final  measturements  are  being  made 
the  bath  temperature  never  varies  more  than  o.ooi  ^  over  periods  of  several 
hours. 

When  the  apparatus  was  being  built  the  McLeod  gage  was  included 
in  the  system  for  the  purpose  of  showing  when  the  removal  of  air  was 
complete.  As  a  matter  of  fact,  however,  the  gauge  is  not  necessary  for 
this  purpose.  Given  an  air-free  solvent  in  one  bulb,  the  operator  can  fol- 
low very  closely  the  progress  of  removal  of  air  from  the  solution  in  the  other 
bulb  by  observations  on  the  Rayleigh  manometer  and  can  tell  infallibly, 
without  use  of  the  McLeod  gage,  when  the  removal  of  air  is  complete. 

Stirring  the  Solution. — Efficient  stirring  of  the  solution  is  desirable  be- 
cause it  facilitates  the  removal  of  air;  it  is  necessary,  when  readings  are 
to  be  made,  in  order  to  destroy  the  surface  concentration  of  the  solu- 
tion resulting  from  evaporation.  The  device  shown  in  Fig.  3,  which  per- 
mits the  introduction  of  the  solution  as  has  already  been  described,  also 
serves  as  a  means  of  stirring.  The  stirring  is  brought  about  by  simply 
raising  and  lowering  the  mercury  in  the  reservoir  P,  Fig.  i.  About  one- 
half  of  the  solution  is  in  this  way  forced  through  the  constriction  K  into 
the  upper  bulb  L,  and  back  again.  Several  repetitions  of  this  procedtue 
insure  practically  complete  uniformity  of  concentration  throughout  the 
whole  solution. 

The  apparatus  shown  in  Fig.  2  was  devised  for  the  purpose  of  preparing 
the  solution  in  a  vacuum. 

Experimental. 

We  give  below  the  results  of  two  experiments  with  aqueous  solutions  of 
mannite.  The  solutions  are  made  up  on  the  weight-normal  basis;  that 
is,  by  a  molar  solution  is  meant  one  containing  a  gram  molecular  weight 
of  solute  in  one  thousand  grams  of  solvent.  In  making  up  the  solutions, 
allowance  is  made  for  the  known  amount  of  solvent  that  is  to  be  lost  dur- 
ing subsequent  removal  of  dissolved  air,  and  the  concentrations  given  are 
the  concentrations  at  the  time  final  observations  are  made. 

Experiment  3, — 0.5  M  mannite. 

The  solution  was  introduced  into  the  apparatus  on  the  afternoon  of 
November  12,  1913.  On  November  20,  the  air  was  completely  removed. 
This  ^lution  was  under  examination  throughout  the  month  of  December 
and  in  January  the  following  final  observations  were  made. 

It  will  be  observed  that  each  of  the  above  experiments  lasted  about 
eight  weeks.  The  object  of  continuing  observations  over  such  long  periods 
was,  once  for  all,  to  make  a  thorough  investigation  of  all  sources  of  error 
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and  to  determine  the  limits  of  accuracy  of  the  method.    These  experi- 
ments have  shown  conchisively  that: 

1.  Variations  of  temperature  of  solution  and  solvent  must  not  exceed 

0.0Q2^ 

2.  Accurate  regulation  of  the  temperature  of  other  parts  of  the  apparatus, 
I.  e,,  those  parts  containing  vapor,  is  unnecessary.  This  is  because,  when 
all  air  has  been  eUminated,  equilibrium  between  solution  and  vapor  is 
very  quickly  established,  so  that  slight  changes  of  temperature,  unless 
they  are  too  sudden,  merely  cause  evaporation  or  condensation  of  sUght 
amounts  of  water,  without  affecting  pressure.  If  the  system  contains 
air,  a  change  of  temperature  will  produce  change  in  pressure  and  such 
fluctuations  are  quite  noticeable  even  with  a  very  small  amount  of  air. 

3.  If  the  temperature  of  the  bath  is  controlled  to  within  o.ooi  ^,  readings 
of  pressure  are  constant  to  within  o.ooi  mm. 

The  authors  believe  that  the  measurements  recorded  above  differ  from 
the  true  values  by  not  more  than  o.ooi  mm.  and  are  convinced  that,  with 
certain  minor  changes,  the  method  is  capable  of  giving  results  which  are 
accurate  to  the  third  decimal  place. 

The  experiments  recorded  above  were  made  in  collaboration  with  Mr. 
E.  Miller  who  is  continuing  the  work,  and  the  authors  expect  to  investi- 
gate solutions  of  both  electrol3rtes  and  nonelectrol3rtes  in  various  solvents. 

JoBMB  Hopxms  VnTTumsm, 

BAhTJMOMM,  MD. 


VAPOR  PRESSURES  OF  CERTAIN  ALCOHOLIC  SOLUTIONS. 

Bt  O.  F.  Towsk  and  a.  p.  O.  Gskmank. 
RcodTcd  October  17,  1914. 

In  a  former  paper  one  of  us  described  a  method  for  measuring  vapor 
pfessures  by  means  of  the  Morley  gage.^  Satisfactory  results  were  ob- 
tained with  aqueous  solutions,  but  with  non-aqueous  solutions  certain 
difficulties  were  encountered  which  rendered  the  results  that  were  reported 
at  that  time  of  little  value.  Moreover,  the  opinion  was  expressed  that 
possibly  the  air-bubbling  method  would  3deld  better  results  with  this  latter 
class  of  solutions.  Numerous  trials  since  then  have,  however,  convinced 
us  that  it  has  no  advantages  over  the  method  with  the  Morley  gage,  ex- 
cept at  temperatures  above  room-temperature,  and,  besides,  it  possesses 
some  disadvantages  of  its  own  which  have  caused  us  to  return  to  the 
method  with  the  Morley  gage.  The  present  paper,  therefore,  describes 
certain  improvements  in  the  apparatus  and  method  of  treatment  of  the 
solutions  in  determining  the  vapor  pressures  of  non-aqueous  solutions  by 
this  metliod. 

The  gage  and  the  method  of  carrying  out  the  readings  were  described 
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in  detail  in  the  former  paper  and  need  not  be  repeated  here.  The  ao 
companying  photograph  will  give  an  idea  of  the  general  appearance  of 
the  new  apparatus.  The  gage  GG  is  in  the  background,  while  the  tubes 
containing  the  solvent  and  the  solutions  MM'  are  shown  in  the  foreground. 


The  principal  improvement  in  the  apparatus  is  the  arrangenemt  for  ptui- 
fyiagytbe  solvent  and  introducing  it  into  the  tubes  M  atid  M*  es&ixtXy 
out  of  contact  with  air.  This  portion  of  the  apparatus  was  modeled  after 
that  used  in  Ph.  A.  Guye's  laboratory  (Geneva)  for  the  purification  of 
gases  by  liquefaction  and  fractional  distillation  in  a  vacuum.  The  remov- 
able flask  A,  in  which  the  preliminary  purification  and  desiccation  were 
carried,  out,  was  connected  by  means  of  a  carefully  ground-in  glass  joint 
to  the  reflux  condenser  B,  filled  with  glass  beads.  This  communicated 
with  the  fractional  distillation  tubes  A  and  A  through  stopcodts  C\  and 
Cj.  Bach  tube  was  provided  with  a  mercury  manometer  and  vacuum 
connections  to  both  water  suction  and  mercury  pumps.  The  former 
was  connected  at  W  through  fused  calcium  chloride;  the  latter,  of  the  type 
described  by  Cardoso  and  one  of  us,^  at  P  through  phosphorus  pentoxide. 
All  stopcocks  were  lubricated  with  viscous  rubber  grease,  soluble  in  ether 
but  not  in  alcohol. 

After  the  solvent  had  been  purified,  as  well  as  possible,  in  contact  with 
the  air,  the  containing  flask  A  was  placed  in  position  and  the  air  and  any 
dissolved  gases  pumped  out  with  the  water  suction  puny^  Then  the  bulk 
of  the  liquid  was  distilled  at  room-temperature  '  ejecting  the 

^  Gennann  and  Cardoso,  /.  chim.  phys,,  zo,  306  (19' 


^ 
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higher  boiHng  fiactions.  Just  previously  A  had  been  rinsed  out  with  the 
vapor  of  the  liquid  to  be  introduced,^  and  during  the  distillation  it  was 
surrounded  by  a  mixture  of  ice  and  salt.  Then  followed  a  series  of  frac* 
tional  distillations  between  Di  and  D2,  always  discarding  the  first  and  last 
fractions  as  the  least  pure. 

The  next  step  was  to  secure  a  sample  of  the  purified  solvent  from  which 
weighed  portions  could  be  introduced  into  the  vapor  pressure  tubes,  out 
of  contact  with  the  air.  This  was  accomplished  by  means  of  the  weighing 
tubes  EEt  each  provided  with  a  stopcock  and  a  flat  ground  joint  ee^ 
These  weighing  tubes  were  secured  to  the  apparatus  by  means  of  brass 
screw  clamps.'  The  solvent  was  distilled  into  one  of  these  tubes.  One 
of  the  two  following  methods  was  then  used  to  introduce  the  liquid  into 
the  vapor  tension  tubes:  M  was  first  filled  to  a  suitable  height  with  the 
pure  solvent,  after  having  been  completely  evacuated,  dried  m  contact 
with  phosphorus  pentoxide,  and  rinsed  several  times  with  the  vapor  of 
the  solvent.  By  the  first  method  the  filling  was  accomplished  by  simple 
distillation  from  the  weighing  tube.  From  a  theoretical  standpoint  this 
method  of  procedtu^  must  result  in  giving  two  fractions  in  M  and  M  ^ 
with  a  very  small  difference  of  vapor  tension,  without  the  presence  of  the 
dissolved  salt  in  M'.  This  would  therefore  influence,  to  a  slight  extent, 
the  magnitude  of  p  —  p\  Practically  the  error  thus  caused  would  be 
vanishingly  small,  owing  to  the  care  taken  in  purifying  the  solvent.  How- 
ever, to  be  on.  the  safe  side  this  method  was  abondoned,  and  the  following 
method  was  employed  in  our  later  work: 

M  and  M'  west  provided  with  special  exit  tubes,  extending  vertically 
upward,  bearing  the  stopcocks  Cs  and  C4,  and  terminating  in  flat  ground 
joints.  This  enabled  fixing  the  weighing  tube  containing  the  solvent  in 
an  inverted  position  over  the  vapor  tension  tubes,  as  shown  at  £'.  The 
capillary  tubes  between  Cj,  or  d,  and  the  stopcock  of  the  weighing  tube 
were  provided  with  vacuum  connections,  so  that  they  could  be  evacuated 
independently  of  other  portions  of  the  apparatus.*  Then  by  opening  the 
two  stopcocks  concerned,  the  solvent  flowed  through  the  capillary  con- 
necting tubes  into  M  or  M';  the  stopcock  of  the  weighing  tube  was  closed 
when  the  nesessary  volume  of  solvent  had  flowed  out,  M  was  cooled  with 
cold  water  or  ice  for  a  few  minutes,  and  finally  the  weighing  tube  was  re- 
moved.*     _ 

'  I  the  precautions  exercised  throughout  the  preliminary  operations 

were  '  escribed  in  detail  by  Germann  (/.  Mm.  phys,,  Z2,  66  (1914)). 

^ese  joints  over  those  ordinarily  used  is  that  any  two  make  a 
changeable.    For  detailed  drawing  and  description,  see 
eva,  I4]  27,  586  (1909). 
Boubnoff  and  Guye,  /.  chim.  phys.,  9,  295  (191 1). 
ortion  of  the  apparatus  capable  of  isolation. 
9th  methods  the  weight  of  solvent  introduced  into 
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A  simplified  Madeod  presstire  gage,  H,  was  used  to  evaluate  the  degree 
of  vacuum  in  the  apparatus.  The  phosphorus  pentozide  tube  R  was  used 
to  evacuate  the  apparatus  when  alcohol  vapors  alone  were  present,  this 
by  virtue  of  its  aflSnity  for  the  alcohols. 

The  readings  were  made  at  a  temperature  of  15®,  instead  of  at  o**  as 
in  the  former  series,  for  the  reason  that  the  vapor  pressures  being  higher  at 
this  temperature,  p — p'  would  have  a  greater  magnitude,  and  could  thus 
be  read  off  with  less  relative  error.  The  temperature  was  maintained  by 
surrounding  the  tubes  MM'  with  a  water-bath,  through  which  water  at 
15®  was*constantly  circulating. 

The  solvents  employed  were  methyl  and  ethyl  alcohol.  It  was  therefore 
necessary  to  determine  their  vapor  pressures  at  15^,  which  was  done  in 
exactly  the  same  manner  as  described  in  the  former  paper  for  determining 
these  pressures  at  o^;^  i.  e.,  by  means  of  a  manometer  connecting  with  the 
tube  M.  Behind  the  manometer  was  a  millimeter  scale,  on  which  the  mer- 
cury heights  were  read  off  by  means  of  a  cathetometer.  These  readings 
were  made  at  frequent  intervals  during  the  course  of  the  year  and  varied 
but  little.  The  average  values  of  a  large  number  of  such  observations 
are: 

Vapor  prcMurc  at  15*. 

Methyl  alcohol 73 .61'  nun. 

Ethyl  alcohol 32 .  18'  mm. 

Potassium  iodide,  lithium  chloride  and  benzil^  were  the  substances 
used  as  solutes.  Each  of  these  represented  to  a  certain  extent  a  different 
type*  Potassium  iodide  is  an  electrol3rte  which  has  U^tle  tendency  to 
combine  with  solvents;  lithium  chloride  is  an  electrolyte  which  is  very 
hygroscopic,  i.  e.,  it  has  a  tendency  to  combine  with  the  solvent;  benzil 

M',  found  by  taking  the  difFerenoe  between  the  weights  of  the  wdfljiing  tube  before 
and  after  filling  M\  would  be  too  great  by  the  amount  of  vapor  remaining  in  the  tubes 
between  the  weighing  tube  and  M\  when  the  stopcocks  were  closed.  However,  the 
volume  of  these  tubes  was  made  as  small  as  possible  by  using  very  short  lengths  and  by 
selecting  tubes  of  small  bore--capillary  tubes  in  the  second  method.  In  the  first 
method  the  pressure  was  quite  small — a  few  millimeters  only — since  the  distillatioii 
was  carried  out  at  about  — 20^;  in  the  second  method  the  pressure  was  somewhat 
higher,  but  the  volume  was  very  much  smaller,  so  that  the  amount  of  solvent  lost  under 
the  most  exaggerated  conditions  was  always  less  than  the  accuracy  of  the  weighings. 
Assuming,  for  example,  in  the  first  method,  one  meter  of  glass  tubing  $  mm.  in  diam.. 
filled  with  vapor  at  20^  over  the  liquid  solvent  at  — 10  %  the  loss  would  be  0.03  mg. 
with  methyl  alcohol,  and  0.03  mg.  with  ethyl  alcoh<^. 

^  Tower,  Loe.  cit.,  p.  1228. 

'  34  measurements;  probable  error  of  average  0.016  mm. 

'15  measurements;  probable  error  of  average  0.028  mm. 

*  We  also  attempted  to  use  tetramethylammonium  iodide,  but  found  it  so  slightly 
soluble  in  the  alcohols  that  no  very  trustworthy  results  could  be  obtained.  Two  of 
our  best  determinations  with  this  substance  dissolved  in  methyl  akohol  are  given  in 
the  table  and  are  also  shown  in  the  curves  for  the  sake  of  comparison. 
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is  a  nonekctrolyte  and  a  nonhygroscopic  dubstance.  These  were  all 
purified  preparations  of  C.  A.  P.  Kahlbaum.  The  first  was  further  ptui- 
fied  by  repeated  crystallization  from  methyl  alcohol.  The  lithfum  diloride 
was  precipitated  from  aqueous  solution  by  saturation  with  hydrogen 
chloride  gas.    The  benzil  was  not  further  purified. 

No  fundamental  changes  were  made  in  the  gage  portion  td  the  ap- 
paratus, and  therefore  the  readings  were  made  precisely  as  described  in 
the  former  paper.^  It  may  however,  be  npted  that  M  and  M'  were  made 
of  soft  glass  instead  of  Jena  glass,  and  that  the  mercury  valve  between 
M  and  M'  was  replaced  by  a  stopcock^  Cs,  as  was  also  the  valve  between 
the  vapor  pressures  tube  and  the  mercury  pump.  A  new  lot  of  specially 
well-ground  Geissler  stopcocks  were  employed  throughout  the  apparatus 
and  gave  excellent  satisfaction.  We  were,  therefore,  not  troubled  by  leaks 
about  the  stopcocks,  which  was  sometimes  the  case  in  the  former  work. 
While  making  a  reading,  M  and  M'  were  constantly  shaken,  as  otherwise 
there  was  a  great  variation  in  the  values  obtained.  Even  under  the  best 
conditions  and  with  the  great  care  exercised,  considerable  fluctuations  in 
the  reading  would  sometimes  occur  which  were  entirely  inexplainable. 
This  was  especially  true  when  using  dilute  solutions.  In  such  cases 
readings  were  repeated  under  different  conditions  until  a  set  which  re- 
mained fairly  constant  was  obtained.  All  of  this  consumed  a  great  deal 
of  time.  Besides,  with  a  complicated  apparatus  of  this  kind,  leaks  would 
frequently  occur  which  were  difficult  to  locate,  so  that  the  progress  of  the 
work  was  very  slow.  This  can  easily  be  understood  when  it  is  stated  that 
the  gathering  of  the  results  given  in  this  paper  occupied  otu*  available 
time  for  about  twelve  months. 

The  results  are  given  in  the  accompanying  tables.  The  headings  of  the 
first  two  columns  are  easily  intelligible.  The  third  column  giVes  the  lower- 
ing of  the  vapor  pressure  produced  by  the  dissolved  substance  as  obtained 
from  the  gage  readings  (p  =  the  vapor  pressure  of  the  pure  solvent,  p'^ 
the  vapor  pressure  of  the  solution) .    The  fourth  column  contains  the  molec- 

gM 
ular  weight  of  the  solute,  calculated  from  the  formula,  m  =  —     tj  r* 

P  —  P/P 
The  fifth  column,  n,  gives  mols  of  solute  dissolved  in  one  mol  of  solvent. 
The  sixth  column  contains  an  expression,  the  value  of  which  ought  to  be 
constant,  if  there  is  no  change  of  molecular  state. 

The  results  have  also  been  plotted  in  curves,  using  the  observed  lowering 
of  the  vapor  pressure  as  ordinates  and  the  concentrations  of  Column  2 
as  abscissas.  The  most  probable  trend  of  the  curve  in  each  case  is  seen 
to  be  a  straight  line.    This  is  to  be  expected  from  a  consideration  of  the 

'  Tower,  Loc.  oU.,  p.  1223. 

^  Loc.  cU.,  Formuia  i,  p.   1224.    Formula  2  might  have  been  employed,  but 
the  values  differ  very  little  from  those  obtained  from  Fortaul^  1, 
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SoLvsNT,  Met9yi^  Aucoaoh.    (Vapor  TmiaioN  at  15  ^  73.61  mm.). 
Sc^ute,  Potassium  Iodide  (M.  W.,  166.02). 


,  Gmmtoluts 

Ormmt  solute 
in  1  inol  solvent. 

P—P'» 

m. 

fi. 

P—r, 

tn  f  g.  solvent. 

n. 

0.13673 

4.379 

3.230 

95.4 

0.02636 

119.7 

0. 12686 

4.063 

2.9x8 

98.4 

0.02444 

119.4 

0.;  10664 

3.416 

2.484 

97.8 

0.02057 

iao.8 

0.09469 

3.033  • 

2 . 1855 

99.1 

0.01825 

119.8 

0.09167   . 

2.936 

2 . 1265 

98.7 
99.8 

0.01767 

120.6 

0.077245 

2.474 

1.780 

0  01489 

119. 5 

0.06566 

2.103 

1.514 

100.2 

0.01267 

"9  5 

to. 05744 

1.840 

1.324 

100.4 

0.01107 

119.6 

0.04883 

1.564 

1 .  123 

100.9 

0.0094a 

119.2 

0.04350 

1.393 

0.974 

103.8 

0.00839 

116.1 

0.03266 

1.046 

0.798 

95  5 

0.00630 

126.7 

0.01726 

0.5528 

0.423 

95.7 

0.00333 

127.0 

0.009503 

0.3044 

0.238 

93.9 

0.00183 

130.1 

0.006181 

0.1980 

0.154 

94.5 

0.00119 

129.4 

0.003709 

0.1188 

0.0743 

117.6 

0.000716 

103.8 

0.002192 

0.0702 

0.0577 

89.4 

0.000423 

108.4 

Sdute,  Lithium  Chloride  (M.  W.,  42.40). 

0.03434 

I. 741. 

5.76 

20.5 

0.04103 

140.4 

,0.04170 

1.336 

4-34 

21.3 

0.03150 

137.8 

0.03352 

1.074 

3.344 

22.6 

0.02533 

132.0 

0.03073 

0.9843 

2.868 

24.3 

0.02320 

123.6 

0;Oft689 

0.8612 

2.660 

23.0 

0.02032 

130.9 

0.02144 

0.6869 

2.057 

23.9 

0.01620 

127.0 

t  t9'Oi7i8 

0.5504 

1.740 

22.7 

0.01298 

134.1 

0.01682 

0.5388 

1.542 

25.2 

0.01270 

121.4 

0.01195 

0.3828 

1.125 

24.7 

0.00903 

124.6 

0.009587 

0.3071 

1.0065 

22.1 

0.00724 

139.0 

'  0.0092x8 

0.2953 

0,7768 

27.7 

0.00697 

111.5 

0.007165 

0.2295 

0.7627 

21.9 

0.00541 

141.0 

.;    0.006195 

0.1984 

0.5871 

24.7 

0.00468 

125.4 

0.005^23 

0.1641 

0.3923 

30.6 

0.00387 

101.4 

0.002451 

0.0785 

0.1448 

39.8 

0.00185 

78.3 

Solute,  Tetramethylammonium  Iodide  (M. 

W.,  201.03). 

0.003865 

0.1238 

0.0397 

229.3 

0.000616 

64.4 

0.002890 

0.09256 

0.0218 

312.4 

0.000461 

47.3 

Solute,  Benzil  (M. 

W.,  210.08). 

0.03662 

1.173 

0.332 

259.0 

0.00558 

59.5 

0.03144 

1.007 

0.320 

230.7 

0.00479 

66.8 

0.020665 

0.6619 

0.192 

253.2 

0.00315 

60.9 

0.01055 

0.3580 

O.IOO 

248.4 

0.00161 

62.1 

Solvent.  Ethyl  Alcohol  (Vapor  Tbnsion  at  15",  32.18  mm.). 
Solute,  Potassium  Iodide  (M.  W.,  166.02). 
0.01671  0.7694  0.1897  129.7  0.00463  41.0 

0.009916  0.4566  0.1127  129.8  0.00275  41.0 

0.006134  0.2825  0.0628  144.0  0.00170  36.9 
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SohVBKt,  Bthyl  Alcohol  (Vapor  Tsnsiok  at  13*,  33.18  mm.)  (ConHnued). 


OrAmwInte 

Gmnu  solute 
in  1  mol  solvent. 

P  —  P'.               m. 

n. 

p-^r 

in  1  g.  solvent. 

u. 

Solute,  Lithium  Chloride  (M.  W. 

42.40). 

0.03824 

1. 761 

I. 795               29.8 

0.04156 

43.2 

0.03685 

1.697 

1.770               29.1 

0.04003 

44  2 

0.02088 

0.9614 

1.1585             25.8 

0.03268 

51.1 

0.01726 

0.7947 

0.7538             33.1 

0.01875 

40.2 

0. 01 186 

0.5463 

0.4870             35.6 

0.01289 

A7.8 

0.009425 

0.4340 

0.3397  .          40.7 

0.01024 

.     33.2 

Solute.  BenzU  (M.  W.,  210.08): 

0.02823 

1.300 

0.198             210 

0.00619 

32.0 

0.01543 

0.7105 

0.119             191 

0.00338 

35.2 

0.007968 

0.3669 

0.0590           200 

0.00175 

33.7 

0.004360 

0.1962 

0.0395           214 

0.000934 

31.6 

calculated  molecular  weights  of  Column  4.  In  the  case  of  potassium 
iodide  and  lithium  chloride  these  quantities  are  less  than  the  formula 
weights,  as  might  be  predicted.  The  strange  thing  is  that  the  values  are 
so  constant  throughout  the  different  dilutions.    In  other  words,  the  calcu- 
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lated  molecular  weights  do  not  show  that  these  salts  are  any  more  dis- 
sociated in  dilute  solution  than  in  concentrated*    This  is  also  confirmed 
by  the  ebullioscopic  meastu^ments  of  Jones^  with  potassium  iodide  in 
1 Z.  physik,  Chem,,  3X1  129,  e/  seq.  (1899). 
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methyl  and  ethyl  alcohols.  He  found  the  degree  of  dissociation  to  be 
very  nearly  constant  in  both  cases,  and  to  have  a  value  of  about  50%  in 
methyl  alcohol  and  25%  in  ethyl  alcohol.  This  is  exactly  in  accord  with 
our  values  for  the  lowering  of  the  vapor  tension.  The  conductivity  deter- 
minations of  Zelinsky  and  Krapiwin^  showed  substantially  the  same  thing, 
although  other  observers'  have  found  that  the  molecular  conductivity 
increases  with  the  dilution  in  very  dilute  solutions. 

Why  the  calculated  molecular  weight  should  remain  constant  over  such 
a  range  of  concentrations  is  difficult  to  explain.  It  may  have  something 
to  do  with  the  combination  of  the  salts  with  the  solvents  and  to  the  pro- 
gressive combination  of  the  ions  with  the  solvents.  However,  in  such  a 
case,  one  would  not  expect  potassium  iodide  to  be  so  subject  to  these  effects 
as  lithium  chloride.'  If,  in  plotting  the  curves,  the  values  of  n,  in  the 
fifth  column,  had  been  used  as  abscissas  instead  of  the  concentrations  of 
the  second  column,  all  of  the  etudes  would  be  thrown  closer  together, 
and  those  of  potassium  iodide  and  lithium  chloride  in  methyl  alcohol 
would  be  almost  superimposed,  indicating  almost  identical  molecular 
states. 

As  to  benzil,  its  molecular  weight  in  ethyl  alcohol  seems  to  be  normal, 
while  in  methyl  alcohol  it  seems  to  be  associated  with  one  or  two  molecules 
of  the  solvent. 

MoRLBv  Chbiiicai.  Labokavomv. 
WssTKKM  iUnxYB  UNiYBasmr. 


A  MODIFIED  PRBCISION  BAROMETER. 

Br  Albvbt  p.  O.  OvsiCANM. 
I  RMciTad  October  17.  1914. 

In  the  determination  of  the  densities  of  gases  by  the  various  precisioii 
methods  involving  the  measurement  of  volume,  pressure,  temperature, 
atid  mass,^  the  evaluation  of  the  pressing  is  perhaps  the  most  difficult, 
atid  the  values  obtained  for  this  factor  are  always  much  less  accurate 
tlian^those  obtained  for  the  temperattne,  volume,  and  mass,  particularty 
wjhen  the  first  two  are  taken  at  the  temperature  of  melting  ice,  and  the 
mass  is  taken  as  the  average  of  the  mass  of  several  samples  of  gas  sinml- 
taneously  taken.  A  great  many  special  barometers  and  manometers 
have  been  designed  in  an  effort  to  eliminate  the  errors  to  which  this  type 

'    1  Z.  pkytik:  Ckem.,  ai,  38  (1896). 

*  See  Carrara,  Gam.  ckim,  tial.,  [i]  a6|  119  (1896);  also  Ttimer,  Am.  Ckem.  J.,  40» 
558  (1908). 

*  Aecording  to  Turner  and  Bissett,  /.  Chem,  Sac.,  X03, 1904  (1913),  lithium  diloride 
forms  no  compounds  witk  methyl  aksohol  above  xo^  but  with  ethyl  alcohol  liO.- 
4CtHfOH  exists  up  to  a  temperature  of  174*. 

^  See,  for  example,  article  by  the  ftuthor,  /.  chim.  phys.,  la,  66  (1914). 
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<rf  iflsttnintot  is  subject,  chief  of  which  are  the  residual  ptesslire  in  the 
barometric  vacuum,  and  variations  in  the  meniscus.  Both  objectioiis 
would  appear  to  be  remedied  in  the  barometer  of  wide  bore,  the  yacnum 
diamber  of  which  communicates  with  a  mercury  pump;  here  capillarity  no 
kmger  exercises  an  appreciable  influence;  the  meniscus,  therefore,  is  per- 
fectly flat,  except  at  the  edge;  and  the  quality  of  the  vacuum  is  under  the 
e9q)erimenter'8  direct  observations  and  control.  But  even  here  concordant 
readings  cannot  be  abtained,  because  of  various  disturbing  factors,  such 
as  non-uniformity  of  temperature,  even  when  surrounded  by  an  air  bath, 
and  the  difficulty  of  getting  a  sharp  reading  of  the  position  of  a  large 
mercury  surface!  Experience  with  this  type  of  barometer  has  never- 
theless demonstrated  its  superiority  over  the  t3rpe  composed  of  narrow 
tubing,  where  meniscus  corrections  must  be  made,  and  over  the  t3rpe 
sealed  at  the  top,  which  may  be  expected  to  give  low  readings,  tmless 
filled  while  boiling  the  mercury  and  simultaneously  making  a  vacuum 
with  a  good  mercury  pump.  Barometers  filled  in  this  way,  however,  may 
Dot  be  successful,  because  a  meniscus  often  fails  to  form  in  those  portions 
of  the  barometer  tube  which  have  been  "heated  to  drive  out  air,  due  to 
some  change  hi  the  glass.  At  the  ficole  de  Chimie  in  Geneva,  the  author 
remembers  seeing  one  barometer  of  this  type  stand  for  a  week,  without 
a  suggestion  of  a  meniscus;  then  one  morning  a  perfect  meniscus  appeared, 
only  to  disappear  after  a  day  or  two,  never  to  appear  again. 

It  would  seem,  then,  that  to  sectne  the  most  uniform  restdts,  it  would 
be  imperative  not  to  subject  those  portions  of  the  barometer  tube  in 
which  the  mercury  surfaces  are  to  rest,  to  a  high  temperattn-e.  The  barom- 
eter must,  then,  not  be  permanently  seakd,  so  as  to  permit  of  the  re- 
moval of  the  traces  of  air  adhering  to  the  glass,  which  are  slowly  given  up 
under  the  decreased  pressure.  Chie  device  for  doing  this  is  to  terminate 
the  barometer  with  some  form  of  stopcock^  through  which  the  accumulated 
air  may  be  expelled;  or  the  vacuum  chamber  may  communicate  with  a 
mercury  pump.  The  first  method  is  open  to  the  objection  raised  by 
Professor  Morky  against  all  stopcocks  used  in  connection  with  a  vacuum — 
a  stopcodc  is  usually  nothing  more  than  a  located  leak;  the  other  method  is 
expensive  and  more  or  less  time-consuming,  since  each  strdnjs  of  the  pump 
removes  only  a  definite  fraction  of  the  residual  air  in  the  bar^meteit  This 
objection  suggested  to  the  author  the  combination  of  pump  and%arometer 
into  one  instrument;  similar  modifications  have  been  described,  but  'he* 
cause  of  certain  practical  objections,  have  not  been  adopted  in  research 
laboratories.  The  type  described  below  has  met  with  approval  in  several 
Buropean  laboratories,  and  may  be  found  useful  in  this  country.  A 
knowledge  of  the  simpler  operations  of  glassblowing  is,  of  course,  necessary 
for  its  construction. 

^  R.  A.  Baker,  This  Journal,  35, 199  (1913). 
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I  The  barometer  (see  figure)  is  really  a  modification  of  the  mercury  pump 
described  by  Cardoso  and  the  author,^  in  which  the  main  reservoir  has 
been  omitted.  The  two  branches,  Li  and  Lt,  are,  as  usual,  cut  from  the 
same  glass  tube,  and  connected  at  the  bottom  by  means  of  the  narrow 
U*tube  U.  The  short  branch  I4,  aboat  20  cm.  long,  has  sealed  into  it 
at  PffL  colored  glass  point,  to  which  the  lower  mercury  surface  may  be  ad- 
justed in  making  a  reading;  the  gaseous 
pressture  to  be  measured  is  admitted 
through  the  stopcock  Ct.  The  U-tube 
has  sealed  into  it  at  Z)  a  T-tube  bear- 
ing the  stopcocks  €{  and  Ct,  each  of 
which  is  lubricated  with  Acheson 
graphite,  rather  thaa  with  stopcock 
grease,  to  keep  the  mercury  clean; 
since  the  graphite  has  no  adhesive 
power,  the  stoppers  are  held  in  place 
by  means  of  brass  st<^x!ock  clati^>s; 
any  air  admitted  with  the  mercury 
collects  at  £,  and  may  be  ei^peUed 
through  Cv  The  other  branch,  Lc> 
which  meastures  about  no  cm.,  termi- 
nates in  a  fine  capillary  tube  B,  about 
76  cm.  long  and  0.2  nun.  bore,  bent 
down  so  as  to  rest  against  the  barom- 
eter tube  Lii  the  lower  end  of  £  is 
bent  upwards  and  bears  a  wide  tube  2?, 
which  may  be  connected  to  the  water 
pump  via  the  stopcock  C4  and  the 
drying  tubes  containing  PiOi  and  fused 
CaCl,. 

After  careful  cleansing  with  appro- 
priate reagents,  and  rinsing  with  dis- 
tilled water^  the  barometer  should  be 
dried  by  passing  a  slow  current  of 
dry  air  through  it  for  a  week;  this  in- 
^  sures  the  removal  of  traces  of  moisture 

in  the  pores  of  the  glass.  Then  the  instrument  may  be  mounted  on  a 
suitable  support,  against  a  graduated  glass  plate,  and  filled.  To  carry 
out  this  operation,  st<^>cocks  Ct  and  C|  are  closed,  and  Ci  and  C4  opened. 
Freshly  distilled  mercury  is  potu'ed  into  the  reservoir  M,  which  is  000- 
nected  to  the  barometer  by  means  of  a  rubber  tube,  and  gentle  suction 
applied  through  the  drying  tubes  and  Ci  by  means  of  the  water  pump;  or 
'  Germann  and  Cardoso,  /.  ckitn.  phys.,  zo,  506  (1912). 
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the  water  pump  may  be  dispensed  with  at  this  point  if  the  rubber  tub^  be 
long  enough  to  allow  Mtobe  raised  to  the  top  of  the  barometer.  Mercury 
is  idlowed  to  completely  fill  the  tube  Li,  and  to  run  over  into  the  reservoir 
Rt  into  which  the  air  has  been  driven.  Then. the  bulb  M  i$  loW€red»i.tbe 
mercury  in  Li  subsides  to  a  point  at  which  it  is  in  equilibrium  with  th^  air 
enclosed  in  Lt;  the  level  of  the  mercury  in  L»  may  be  cdjusted  to  the  glass 
point  by  opening  the  stopcock  Ct  and  adjusting  the  height  of  the  mercury 
bulb  M;  the  air  admitted  with  the  mercury,  and  whidi  has  collected  at 
E,  may  be  expelled  through  Cv  If  the  length  of  the  capillary  B  has  been 
properly  adjusted,  any  great  excess  of  mercury  in  R  will  be  forced  back 
into  V  by  the  pressure  of  the  atmosphere;  B  must,  however,  not  be  shorter 
than  the  maximum  local  barometric  height  to  prevent  the  totality  of  the 
mercury  from  being  forced  back  with  the  resultant  destruction  of  the 
vacuum. 

After  several  days,  a  certain  amotmt  of  air  will  have  disengaged  itself 
from  the  glass  walls  of  V,  and  the  barometer  will  consequently  give  too 
low  a  reading.  This  may  be  verified  by  lifting  the  bulb  M  imtil  the  mer- 
cury rises  in  V,  and  approaches  the  mercury  thread  in  the  capillary;  the 
minute  volume  of  air  present  prevents  the  mercury  surfaces  from  meeting. 
The  test  is  an  extremely  delicate  one,  because  the  air  in  question  is  under 
a  very  small  pressure;  and  if  an  effort  be  made  to  expel  it,  it  may  adhei^ 
to  the  capillary  walls  of  B,  when  the  volume  has  been  suflSciently  reduced 
by  the  increasing  pressure.  To  effect  the  expulsion  of  the  air,^  it  then 
becomes  necessary  to  make  a  partial  vacuum  in  R,  by  turning  on  the 
water  pump;  the  air  bubble  expands,  and  is  forced  out.  A  single  operation 
of  this  kind  always  suffices  to  test  the  vacuum,  and  to  get  rid  of  the 
merest  traces  of  gas. 

While  working  on  the  densities  of'  oxygen  and  air,*  the  author  had  an 
opporttmity  of  comparing  two  barometers  of  the  type  described  with  two 
others  whose  vacua  were  controlled  by  means  of  a  mercury  pump;  one  of 
the  latter  served  as  standard,  as  its  internal  diameter  was  about  25  mm., 
and  hence  no  meniscus  corrections  had  to  be  made;  the  others  had  a  diam- 
eter of  approximately  15  mm.  Corrections  for  capillarity  were  very  small, 
but  were  nevertheless  made,  applying  the  ^following  con3iderations,  suj;- 
gested  by  Ph.  A.  Guye. 

^  As  a  matter  of  fact,  it  may  be  readily  shown  that  this  smaU  amount  of  ^as  may 
be  left  in  the  barometer  without,  in  any  appreciable  way,  affecting  the  barometric  read- 
ing. Assuming  the  volume  of  V  to  be  35  cc.,  the  diam.  of  the  capillary  0.2  mm.,  and 
the  length  of  the  thread  of  air  in  the  capillary  5  mm.,  under  a  pressure  of,  say,  ^  oh. 
of  mercury,  a  simple  calculation  will  show  that  the  pressure  of  this  volume  of  air 
amoimted,  in  the  35  cc.,  to  approximately  ox)oooi  mm.  .  /i 

'  Comf4.  rend.,  157,  926  (19x3);  /.  chim.  phys.,  xa,  66  (1914):  Oermapn,  "Qeiieya 
Thesis,"  No.  514. 
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I^lace^  had  shown  that 


*-^{i^w) 


where  A  is  the  capiUaty  omstant  and  f  the  pressure  in  mm.  of  water  dtie 
to  the  capillary  action  in  various  directions  of  a  liquid  surface,  whose 
principal  radii  of  curvature  are  R  and  R\  For  practical  purposes,  we 
may  consider  that  R  and  R^  are  equal;  then 

Laplace  found  by  experiment  for  mercury  A  =  44.07;  Desains  found 
A  =  45.97;  usii^g  the  mean  of  these  values,  we  have  for  p,  expressed  in 
mm.  of  mercury: 

^  2  X  45  JL   =  ^ 
^        13.56     R         R 
where  C  is  a  constant  equal  to  6.6. 
Besides  this,  the  following  corrections  were  applied: 
(a)  for  the  thermal  expansion  of  mercury 
(6)  for  the  thermal  expansion  of  the  glass  scale 
(c)  for  altitude  and  latitude,  i.  e.,  for  gravity 
Combining  (a)  and  (b)  into  a  single  correction,  which  we  will  denote  by 
r,  and  denoting  the  correction  for  gravity  by  Go,  we  have  the  expresaoa 
for  the  coorrected.  barometric  height: 

where  A  is  the  uncorrected  distance  between  the  lower  edge  of  the  two  men- 
isci; ps  the  pressure  exercised  by  the  upper  meniscus,  and  pi  that  exercised 
by  the  lower  meniscus;  but 

whence 

The  value  of  i/R  varies  with  the  height,  /,  of  the  meniscus  and  becomes 
approximately  equal  to  zero  with  a  flat  meniscus,  when  it  becomes  super- 
fluous to  read  the  lower  edge;  this  was  the  case  with  the  25  mm.  barometer. 
To  facilitate  the  calculation  of  c(r//?,  —  i/Ri),  a  ciuve  was  prepared 
for  each  baromieter  plotting  as  ordinates  the  possible  meniscus  heights, 
and  the  corresponding  values  of  i/R  as  abscissas:  knowing  the  height.  /, 
•of  the  meniscus,  the  value  of  i/R  may  be  read  directly  from  the  curve. 
To  construct  the  curves,  the  following  method  may  be  employed:  A 
number  of  concentric  arcs  are  constructed  on  millimeter  paper;  in  each  a 
>  Annuaire  du  Bureau  des  LongUudes,  Paris,  19x2,  p.  533. 
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chord  is  drawn  equal  in  length  to  the  internal  diameter  of  the  barometer 
for  which  the  curve  is  to  serve;  the  length  of  the  mid-ordinate^  of  the  arc 
subtended  by  the  chord  gives  the.  value  of /»  and  from  the  radius  R  of  the 
arc  the  corresponding  value  of  i/R  may  be  calculated. 

The  value  of  r,  correction  for  the  thermal  expansion  of  mercury  and  glass 
scale,  Qiay  be  taken  from  any  table  of  physical  constants. 

The  gravity  correction  Go  is  here  taken,  not  as  an  additive  correction, 
as  is  customary,  but  as  a  fractorial  one,  for  the  sake  of  simplicity.  Its 
value  is  the  ratio  of  the  normal  acceleration  due  to  gravity  g»  (at  sea 
level  and  45^  N.  latitude)  to  the  acceleration  due  to  gravity  at  the  place 
of  measurement,  g^p.    For  Geneva  this  ratio  becomes* 

r-  in  980.616 

Go  =  -^^    = =   1.000017 

gm  980.599 

which  is  a  positive  correction  of  approximately  2  in  100,000,  a  negligible 
quantity. 

Table  I  contains  the  data  obtained  in  two  sets  of  readings  with  these 
barometers,  being  the  values  obtained  in  the  course  of  two  series  of  de- 
terminations of  the  density  of  air  in  Geneva.  No.  i  is  the  standard  25  mm*, 
barometer;  II  is  one  similar  to  it,  having  a  diameter  of  13.5  mm.  Ill  and 
IV  are  of  the  tjrpe  described  above,  each  of  15  mm.  internal  diameter. 
The  values  of  h  given  are  the  averages  of  several  readings;  <^  is  the  average 
of  the  temperatures  shown  by  fotu:  carefully  checked  thermometers,  placed 
at  various  points  along  the  mercury  column. 

Tablb  I. 

8-ki.  No.        *.  !•.  r.  A.  fi,    {^-^).       H. 

VII I  764.9  16.5  a.iS  763.73 

Vn II  764.95  16.35  3- 16  1.35  1.50  — o.oi  763.78 

VII Ill  764.8  16.45  3.17  1. 00  0.90  -fo.03  763.65 

VII IV  764.9  16.4  3.17  1. 00  1. 00  763.73 

vin I    763.8     15.6    3.06  760.74 

VIII II     763.7       15.5      3.04    1.30    1.35     4-0.01        760.67 

vni Ill    763.7     15.5    3.04   1. 10  1. 00   +0.03      760.68 

VIII rv    763.85   15.6    3. 06   1.05   1. 00   +0.01      760.80 

This  plainly  demonstrates  the  dependability  of  the  pressture  readings 
obtained  with  barometers  III  and  IV.  At  the  same  time  it  shows  the  im- 
possibility of  getting  as  concordant  results  as,  for  example,  in  the  de- 
termination of  volumes,  where  it  is  possible  for  different  experimenters 
to  check  each  other  to  within  one  part  in  thirty  or  forty  thousand,  with- 
out any  very  great  precautions.    Obviously,  too,  a  much  higher  degree  of 

'  In  the  sense  in  which  the  term  is  used  in  surveiring,  vis.,  the  outer  segment  of  a 
ndtits  cut  by  a  perpendicular  chord. 

'  Bfcmil  de  CausianUs  Physiques,  1913,  pp.  93  and  96. 


Digitized  by  VjOOQIC 


2462  n.  R.  WEAVBR. 

accuracy  in  the  determidatioiis  of  gaseous  pressuxes  may  be  obtained  by 
the  stxtiultaneous  use,  as  above,  of  several  good  barometess. 

Tb8  Mouay  Chsxxcai,  Labosatokt, 

W88TSKM  RS88KVB  UnIWRBXTY. 

Clvvbland.  Ohio. 


A  QUALITATIVE  TEST   FOR  WATER   BY  THE   USE    OP  THE 
ACETTLENE-CUPROUS  CHLORIDE  REACTION.^ 

By  B.  R.  WSAYBK. 
ReodYttd  October  9.  1914. 

CONTENTS. 
Outline  of  method  and  previous  related  work,  (a)  Preparation  of  Reagents: 
Anhydrous  Solvents;  Cuprous  Salt  Solutions;  Removal  of  Acetylene  from  Calcium 
Carbide,  (b)  Methods  of  Making  Test:  Blank  Tests,  (c)  Compounds  Interfering  with 
Test:  Action  of  Adds;  Tests  of  Oleic  Acid  and  Glycerol,  (d)  Sensitiveness  of  Test 
(e)  Summary. 

In  the  course  of  the  examination  of  certain  carefully  purified  organic 
compounds*  it  was  found  that  a  simple,  quick  and  very  delicate  quali- 
tative test  for  water,  showing  approximately  the  amoimt  present,  can 
be  made  in  the  following  manner:  The  substance  under  examination 
is  placed  in  contact  with  caldtmi  carbide  in  the  presence  of  a  solvent  for 
acetylene,  and  any  acetylene  formed  by  the  action  of  water  is  detected 
by  adding  the  resultant  solution  to  an  ammoniacal  solution  of  cuprous 
chloride.  The  following  paper  describes  the  application  of  this  method 
simply  as  a  qualitative  test  for  water.  A  large  amount  of  work  has 
already  been  done  with  a  view  to  applying  the  acetylene-cuprous  chloride 
reaction  to  the  quantitative  determination  of  both  watd*  and  acetylene, 
and  a  colorimetric  method  for  acetylene  depending  upon  the  formation 
of  copper  carbide  in  a  colloidal  form  has  been  devised.  The  publication  ' 
of  this  work  is  planned  for  the  near  future. 

Calcium  carbide  has  recently  been  quite  extensively  used  for  the  de- 
termination of  water  in  substances  which,  for  any  reason,  do  not  permit 
the  application  of  the  more  usual  methods  of  analysis.  It  was  suggested 
by  Berthelot,'  that  the  acetylene  evolved  in  the  reaction  could  be  de- 
termined by  absorption  in  an  ammoniacal  solution  of  a  silver  salt  with 
subsequent  titration  of  the  excess  of  silver.  This  method  was  tried  by 
Rivett*  for  the  determination  of  water  in  butter,  but  was  not  successful 
on  account  of  the  incomplete  absorption  of  the  evolved  acetylene.  With 
this  exception,  all  the  chemists  who  have  used  the  calcium  carbide  method 
seem  to  have  determined  the  evolved  acetylene  either  volumetricaHy  or 
by  loss  in  weight.  Obviously,  neither  of  these  methods  is  applicable  to 
^  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

*  This  Jodhkai,,  35, 1309  (1913)- 

*  Compt,  rend,,  129,  361  (1899). 

*  Ckem.  News,  104,  261  (1911). 
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the  detection  of  very  small  amounts  of  water,  especially  in  the  presence 
of  other  volatile  substances. 

Preparation  of  Reagents. 

Preparation  of  Anhydrous  SobmUs. — ^When  testing  for  water  in  organic 
liquids  it  is  usually  most  convenient  to  allow  the  liquid  under  test  to  serve 
as  the  solvent  for  acetylene,  in  which  case  the  previous  preparation  of  an 
anhydrous  solvent  is  not  necessary.  In  applying  the  tests  to  solids, 
however,  it  is  necessary  to  allow  the  reaction  with  carbide  to  take  place 
in  the  presence  of  an  anhydrous  liquid,  preferably  a  solvent  of  the  sub- 
stance under  test;  and  the  first  difficulty  met  with  in  the  use  of  the  method 
was  that  of  preparing  even  approximately  dry  solvents.  Samples  of  gaso- 
line, bemsene,  ether,  ethyl  acetate,  amyl  alcohol,  amyl  acetate,  ethyl 
alcohol,  methyl  alcohol,  acetone,  chloroform,  carbon  tetrachloride,  carbon 
disulfide,  and  pyridine  were  treated  with  calcium  chloride,  lime, 
metallic  sodium,  metallic  calcium,  and  phosphorus  pentozide,  ex- 
cept in  those  cases  where  a  given  drying  agent  was  known  to  be  inapplicable 
on  account  of  reaction  with  the  solvent.  The  five  solvents  first  mentioned 
were  thus  prepared  so  nearly  free  from  water  that  it  was  impossible  to 
detect  a  trace  of  acetylene  dissolved  in  them  after  several  minutes'  contact 
with  calcium  carbide.  Sodium  appeared  to  be  the  best  drying  agent  for 
the  hydrocarbons  and  ether,  and  calcium  for  the  esters.  Drying  of  the 
other  solvents  was  not  carried  to  completion  by  the  above  treatment,  but 
all  except  pyridine  were  dried  sufficiently  to  be  used  successfully  as  sol- 
vents for  substances  containing  any  considerable  amount  of  water.  The 
Ust  could,  no  doubt,  be  extended  almost  indefinitely;  and  nearly  all,  if 
not  all,  of  those  mentioned,  could  be  completely  dried  by  the  use  of  proper 
drying  agents  and  the  observance  of  suitable  precautions.  AH  the  liquids 
tested  in  this  investigation  were  found  to  dissolve  enough  acetylene  to 
give  the  desired  test.  Since  any  of  these  solvents  will,  if  exposed  to  the 
air  for  a  very  short  time,  absorb  enough  water  to  show  a  decisive  test, 
they  should  be  kept,  after  being  dried,  in  bottles  containing  some  of  the 
drying  agent  and  commimicating  with  the  air  through  a  tube  containing 
phosphorus  pentoxide;  since  it  is  difficult  to  exclude  the  air  sufficiently 
by  the  use  of  ordinary  glass,  cork,  or  rubber  stoppers  unless  the  pressure 
differences,  due  to  temperature  changes,  are  eliminated  by  the  use  of  a 
drying  tube. 

The  most  sensitive  tests  are  obtained  when  a  solvent  is  employed 
which  is  immiscible  with  water,  since  the  precipitate  formed  by  the  sub* 
sequent  treatment  with  cuprous  chloride  solution,  if  small  in  amount 
collects  at  the  surface  of  separation  of  the  two  liquids  and  is  very  easily 
detected.  If  a  fairly  large  amount  of  acetylene  is  present  the  aqueous 
layer  dissolves  enough  acetylene  to  form  a  precipitate  throughout  the 
solution.    When  the  acetylene  is  dissolved  in  liquids  misdble  with  water, 
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such  as  alcohol  and  acetone,  the  copper  carbide  first  appears  in  ^  oolr 
loidal  form,  giving  an  intense  red  color  to  the  liquid,  but  a  visible  piB- 
dpitate  quiddy  separates  out.  Since  the  piedpitate  is  distributed 
through  a  much  larger  volume  when  these  solvents  are  used,  the  test  is 
not  nearly  so  sensitive  as  with  ether  or  chloroform  with  which,  as  above 
noted,  the  predpitate  is  concentrated  in  a  single  layer.  Furthermoce, 
with  some  of  the  misdble  solvents,  espedally  with  acetc»ie,  the  predpita- 
tton  does  not  appear  to  be  always  complete.  In  fact,  it  is  sometimes 
possible  to  discharge  the  color  of  a  colloidal  solution  of  copper  carbide  by 
adding  a  large  excess  of  acetone. 

Preparation  of  Cuprous  Chloride  Solution, — The  test  for  acetylene  is 
most  conveniently  made  by  the  use  of  an  ammoniacal  solution  of  a  copper 
salt  reduced  by  hydroxy lamine.  Such  solutions  were  used  by  Ilosvay' 
for  the  detection  of  acetylene  in  gas,  and  the  methods  of  preparation  which 
would  give  the  most  sensitive  reagent  were  carefully  investigated.  He 
recommends  the  following  proportions  for  solutions  made  from  several 
salts: 

!•  0.75  g.  copper  chloride  (CuCIi-aHtO),  1.5  g.  ammonium  chloride* 
3  cc.  ammonium  hydroxide  (20-21%  NHs),  3  g.  hydroxylamine  hydrochlo* 
ride. 

2.  I  g.  copper  nitrate  (Cu(NOs)s.5HaO),  4  cc.  ammonium  hydroxide, 
3  g.  hydroxylamine  hydrochloride. 

3.  I  g.  copper  sulfate  (CUSO4.5HSO),  4  cc.  ammonium  hydroxide, 
3  g.  hydroxylamine  hydrochloride. 

In  each  case  the  copper  salt  is  dissolved  in  a  small  amount  of  water, 
the  ammonia  and  hydroxylamine  hydrochloride  are  added  and  the  solution 
is  diluted  to  50  cc.  The  first  of  these  solutions  seems,  in  general,  to  give 
the  most  satisfactory  results.  This  solution  may  be  used  for  the  de* 
tection  of  acetylene  in  any  of  the  solvents  previously  mentioned  except 
carbon  bisulfide,  which  is  reduced  to  hydrogen  sulfide  by  hydroxylamine 
and  predpitates  the  copper  from  the  solution  as  a  sulfide.  When  it  is 
necessary  to  use  carbon  bisulfide  as  a  solvent  the  predpitating  solution 
must  be  made  up  from  cuprous  chloride  without  the  use  of  any  reducing 
agent.  It  is  very  difficult  to  prepare  such  a  solution  which  is  entirely 
colorless,  but  a  very  small  predpitate  of  copper  carbide  may  be  readily 
detected  even  in  a  deep  blue  solution,  and  tests  have  shown  that  the  pres* 
ence  of  a  cupric  salt  does  not  interfere  with  predpitation,  provided  a 
suffident  amount  of  the  cuprous  salt  is  present. 

On  account  of  the  difficulty  caused  by  the  oxidation  df  cuprous  to  cupric 

chloride,  experiments  were  made  with  a  view  to  replacing  the  o^iper 

sohition  with  an  ammoniacal  solution  of  a  silver  salt;  but  the  white  or 

3rellowiah  predpitate  of  silver  carbide  was  so  much  less  characteristic 

»  Ber.,  32,  697  (i«99). 
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and  80  much  hard^  to  detect  in  small  amowits  than  the  red  copper  car- 
bide, that  the  formation  of  the  latter  is  the  more  useful  test  even  when, 
as  in  the  piwsence  of  carbon  bisulfide,  the  copper  solution  used  cannot 
be  deoolorixed. 

Removal  of  Acetylene  from  Calcium  Carbide. — Commercial  calcium 
carbide  always  contains  a  considerable  amount  of  occluded  acetylene, 
formed  by  interaction  with  moist  air,  which  must  be  removed  before  any 
delicate  test  can  be  made  for  water  in  solution.  It  is  very  difficult  to 
remove  this  acetylene  completely  even  by  ignition  in  an  evacuated  tube, 
but  it  may  be  completely  driven  off  by  boiling  the  carbide  with  one  or 
two  portions  of  the  anhydrous  solvent,  the  Uquid  being  completely  evap- 
orated before  the  carbide  is  used.  In  case  it  is  not  desired  to  use,  for  this 
purpose,  the  solvent  which  is  subsequently  employed  in  the  water  de- 
termination, anhydrous  ether  may  always  be  used. 

Method  of  Making  Test. — ^The  test  for  water  is  carried  out  most  simply 
by  adding  the  substance  to  be  tested,  together  with  the  solvent,  to  a  few 
pieces  of  caldjum  carbide  which  have  been  ''boiled  out,''  as  described  in 
the  preceding  paragraph,  in  a  test  tube.  The  test  tube  is  closed  by  a  dry 
cork  or  other  stopper  and  shaken  occasionally  without  allowing  the  liquid 
to  touch  the  stopper.  Two  or  three  minutes'  contact  with  the  carbide  is 
usually  sufficient.  The  tube  is  allowed  to  stand  long  enough  for  the 
carbide  to  settle  and  the  clear  solvent  decanted  into  the  cuprous  solution, 
with  which  it  is  vigorously  shaken.  It  might  be  supposed  that  small 
particles  of  carbide  would  be  carried  into  the  aqueous  solution  and  that 
the  acetylene  so  produced  would  make  the  test  of  no  value;  but  very  little 
difficulty  is  experienced  from  this  source.  The  high  density  of  the  car- 
bide causes  even  very  small  pieces  to  settle  rapidly,  and  particles  which 
are  carried  into  the  precipitating  solution  are  immediately  surrounded 
by  a  dense  precipitate  which  causes  them  to  appear  as  black  specks  easily 
distinguished  from  the  bright  red,  fiocculent  precipitate  produced  by 
dissolved  acetylene. 

In  case  a  more  rigid  examination  for  water  is  desired,  the  meliiod  may 
be  very  easily  modified  to  permit  suitable  precautions  to  be  taken  to  ex- 
clude moisture  from  the  air;  and  the  probability  of  error  from  particles 
of  calcium  carbide  carried  mechanically  into  the  aqueous  solution  may  be 
avoided  by  distilling  the  solvent,  together  with  the  dissolved  acetylene, 
into  the  precipitating  solution.  In  case  the  latter  method  is  adopted, 
it  is  most  convenient  to  distil  in  a  stream  of  hydrogen  dried  over  phos- 
phorus pentoxide. 

In  testing  solids,  it  is  preferable  to  use  as  a  solvent  for  the  acetylene 
a  liquid  which  also  dissolves  the  solid  under  examination.  This  is  not 
^dbsolutely  necessary  however,  since  an  anhydrous  liquid  i/rill  generally 
extract  water  quite  readily  from  a  solid  containing  it,  provided  the  solid 
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is  in  a  fine  state  of  division.  Tests  for  water  in  powdered  sugar  have  been 
made  successfully  by  the  use  of  ether,  in  which  sugar  is  nearly,  if  not  en- 
tirely, insoluble.  Tests  of  nonvolatile  adds  or  other  compounds,  which 
it  is  not  desirable  to  bring  into  contact  with  carbide,  may  be  made  by 
adding  an  anhydrous  liquid,  which  is  then  distilled  o£P  and  tested  for  water, 
either  by  passing  over  carbide  in  vapor  form  or  in  the  usual  manner  after 
condensation.  Gases  may  be  tested  by  simply  passing  over  carbide, 
which  has  been  freed  from  acetylene,  and  into  the  cuprous  chloride  solu- 
tion. 

Blank  Tests, — ^Whatever  procedure  is  adopted,  it  is  necessary  to  make  a 
blank  test  before  using  the  method  to  detect  water  in  the  sample  under 
examination.  When  testing  an  organic  Uquid  by  simple  contact  with 
carbide  and  decantation,  it  is  only  necessary  to  insure  the  removal  of  all 
acetylene  previously  held  by  the  carbide.  Boiling  out  two  or  three  times 
with  the  hquid  imder  test  or  with  ether,  in  the  manner  already  dsecribed, 
is  alwa3rs  sufl5cient  to  accomplish  this.  Any  acetylene  found  in  portions 
of  the  liquid  subsequently  added  is  due  to  water  in  the  sample.  When 
using  an  anhydrous  solvent  or  when  distilling  in  hydrogen  it  is  necessary 
to  make  the  blank  test  in  the  same  manner  as  the  test  for  water. 

Compounds  Interfering  with  the  Test, — ^The  usefulness  of  any  qualitative 
test  is,  of  course,  largely  determined  by  the  number  of  compounds  which 
will  give  the  reaction  in  question.  Masson*  states  that  of  all  the  sub- 
stances dealt  with  in  ordinary  circumstances,  water  is  the  only  one  which 
has  any  chemical  action  on  carbide.  A  consideration  of  the  reaction 
between  water  and  calcium  carbide  and  that  occurring  in  neutralization 
shows  that  in  the  presence  of  an  acid,  water  might  be  expected  to  form  as 
rapidly  as  it  is  removed  until  the  hydrogen  of  the  add  has  been  quanti- 
tatively converted  into  acetylene  by  the  following  cycle  of  reactions: 
CaCa  +  2HaO  =  Ca(0H)2  +  CaH, 
Ca(0H)2  +  2H(A)  =  Ca(A),  +  2H,0 

In  the  case  of  the  weaker  organic  adds,  at  least,  this  does  not  take  place, 
probably  because  of  the  fact  that  no  neutraUzation  occurs  in  a  nearly 
anhydrous  solution,  and  the  formation  of  acetylene  seems  to  give  a  good 
qualitative  test  for  water  in  spite  of  the  possible  reaction  between  the 
add  and  caldum  hydroxide. 

Masson  found  that  crystalUne  adds  and  add  salts,  induding  those 
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is  quite  as  inactive  as  were  the  adds  in  Masson's  eiEpeiiments.  Thus  a 
I  g.  sample  of  fused  benzoic  add  was  dissolved  in  ether  and  boiled  with 
cakiu^  carbide  under  a  reflux  condenser  for  fifteen  minutes  without 
producing  a  trace  of  ^etylene.  Solutions  of  okic  and  phthalic  adds 
have  been  found  to  behave  in  the  same  manner.  Ordinary  gladal  acetic 
add  reacts  vigorously  with  the  production  of  acetylene;  but  neither  acetic 
anfaydiide,  nor  acetic  add  containing  a  considerable  excess  of  acetic 
anhydride  do  so.  Sulfuric  add  of  all  concentrations,  including  that  con* 
taining  an  excess  of  sulfiu*  trioxide,  causes  a  continuous  slow  evolution 
of  acetylene.  Even  in  cases  when  acetylene  is  evolved  on  testing  the 
weaker  organic  adds,  it  would,  of  course,  be  impossible  to  say,  without 
first  testing  adds  of  known  water  content,  how  much,  if  any,  of  the  acet- 
ylene was  formed  by  the  add  itself. 

In  his  experiments  upon  the  determination  of  water  by  the  measure* 
ment  of  the  acetylene  evolved,  McNdl^  found  that  a  larger  volume  of  gas 
was  evolved  from  glycerol  and  from  oleic  add  than  could  be  accounted 
for  by  the  amount  of  water  present.  In  view  of  the  behavior  of  related 
compounds,  it  seemed  improbable  that  this  could  be  due  to  the  production 
of  acetylene  from  the  compotmds  themselves,  except  that  in  the  case  of 
oleic  add  continuous  neutralization  and  reaction  with  the  water  so  formed 
might  be  expected  to  take  place  as  with  any  other  add.  In  order  to  test 
tUs  pointy  thoroughly  dried  samples  of  the  two  compounds  were  prepared. 
The  laige  watev  content  of  the  best  samples  available  was  not  materially 
reduced  by  heating  for  three  hours  at  100  °» in  a  stream  of  air  dried  over 
phosphorus  jpentoxide  and  at  a  pressure  of  less  than  half  an  atmosphere. 
The  oldc  add  was  therefore  dissolved  in  anhydrous  ether,  the  ether  dis- 
tilled off  under  reduced  pressure,  and  the  add  heated  to  iio^.  This 
operation  was  repeated  several  times.  Glycerol  was  treated  in  the  same 
way,  using  alcohol  as  a  solvent  instead  of  ether.  By  this  procedure, 
both  deic  add  and  glycerol  were  obtained  which  did  not  give  any  trace 
of  acetylene  after  contact  with  calcium  carbide,  dther  when  used  alone 
or  in  solution  in  ether  or  alcohol.  An  elevated  temperature  (as  high  as 
120^)  did  not  cause  any  reaction  which  could  be  detected. 

Sensitiveness  of  Test, — This  method  for  the  detection  of  water  is  very 
sensitive.  Numerous  tests  were  made  by  the  simple  method  of  decantation 
of  the  solvent  after  contact  with  carbide,  using  samples  of  gasoline,  ben- 
zene, and  ether,  which  gave  perfect  blank  tests.  Known  amounts  of  water 
were  introduced  by  adding  nearly  absolute  alcohol,  the  water  content- 
of  which  had  been  determined  by  Mr.  E.  C.  McKelvy  of  this  Bureau  by 
the  method  of  critical  solution  temperature.* 

The  results  indicated  about  the  same  degree  of  sensibility  in  the  case 

*  Bureau  of  Chemistry,  Circular  No.  97  (19 12). 

*  BuU,  Bur,  Standards,  9, 344. 
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of  the  three  above-named  solvents,  0.01-0.03  mg,  of  water  per  oc.  of  the 
solution  in  contact  with  the  carbide  being  the  limit  at  which  the  farmatioa 
of  a  precipitate  could  be  detected.  Other  tests  made  by  adding  a  known 
weight  of  water  dissolved  in  anhydrous  ether  showed  about  the  same 
sensibility.  Tests  made  upon  other  solvents,  in  which  a  blank  test  showed 
a  trace  of  water,  indicated  that  the  test  made  with  alcohol  was  less  sensi- 
tive than  vrith  the  solvents  mentioned  above,  but  more  sensitive  than 
with  acetone.  Ethyl  acetate,  chloroform  and  carbon  tetiadiloride 
showed  about  the  same  sensibility  as  ether.  • 

Summary. 
A  qualitative  test  for  water,  senative  to  less  than  o.i  mg.  may  be  very 
easily  and  quickly  made  by  bringing  the  substance  to  be  tested  into  con- 
tact with  calcium  carbide  in  the  presence  of  a  solvent  for  acetylene,  ^diich 
is  then  decanted  or  distilled  into  an  ammoniacal  solution  of  cuprous 
chloride.  Nearly  all  the  common  organic  liquids  are  suitable  for  use,  if 
carefully  dried.  The  method  is  applicable  to  a  great  variety  of  substances 
and  especially  to  volatile  organic  compounds.  The  only  compounds  known 
to  interfere  with  the  test  are  the  stronger  adds  and  substances,  such  as 
hydrogen  sulfide,  which  precipitate  cuprous  salts  from  solution. 

Wasbhotom,  D.  C. 


(COMTRIBDTION  PROIC  TR8  CflBiaCAL  LaBOEATORT  OF  TH8  UmVSRSlTT  0»  CaUVO«KU.] 

THE  FREE  ENER6T  OF  THE  VARIOUS  FORMS  OF  ELBMBN- 

TART  SULFUR. 

Bt  Gilbskt  N.  Lvwis  and  Mbkui  Randaix. 
RecdTcd  October  5.  1914. 

No  other  element  is  known  to  occur  in  as  many  different  forms  as  sulfur. 
Several  solid  modifications  have  been  studied,  of  which  we  diall,  for  the 
present,  consider  only  the  famiUar  rhombic  and  monodinic  forms,  Sr 
and  Sm«  Rhombic  sulfur,  being  the  stable  form  at  room  tempenitnre, 
will  be  taken  as  the  standard  and  will  therefore  be  assumed  to  possess 
zero  free  energy  and  zero  heat  content.  In  the  Uquid  state  two  distinct 
substances  are  present,  known  as  Sx  and  S^  (soluble  and  insoluble  sulfur).^ 
In  the  gaseous  state  at  least  four  modifications  have  been  studied:  S, 
Si,  Si  and  Ss. 

Monodinic  Sulfur. 

Sr  -  Sii' — ^The  heat  capadty  of  rhombic  sulfur  has  been  determined 

by  numerous  investigators.*    When  all  their  data  are  plotted  the  most 

^  Sinoe  this  paper  was  written  a  third  kind  of  sulfur  in  the  liquid  state,  Sr,  bH 

been  described  by  Aten  (Z.  physik,  Chan,,  86,  i  (i9i3))-    His  results  do  not  nccesntate 

any  material  change  in  the  present  calculations,  nor  do  they  suffice  to  warrant  us  at 

present  in  attempting  to  calculate  the  standard  free  energies  of  the  several  liquid  forms. 

*  Regnault,  Ann,  chim.  phys.,  [3]  9,  322  (1843);  Kopp,  Trans,  Roy.  Sec.  Lmdui, 

-«Mf  I,  71  (1865);  Bunsen,  Ann.  physik.,  [2]  141,  i  (1870);  Dewar,  Proc,  Ray.  S$c, 
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probable  values  for  the  heat  capacity  at  various  temperatures  fall  on  a 
somewhat  curved  line,  which,  however,  may  be  regarded  as  straight 
between  o^  and  Ioo^  and  expressed  by  the  equation 

C^(Sr)  =  4.12  +  0.0047T  cal.  per  gram  atom.  (i) 

Similarly,  the  available  data^  for  monodinic  sulfur  lead  to  the  following 
equation  as  the  most  probable  linear  expression  for  the  heat  capacity 
between  o^  and  loo^. 

C^(Sm)  =  362  +  0.0072T  (2) 

Hence  for  the  reaction  considered 

Ar  =  AC^  =  —0.50  +  0.0025T.  (3) 

The  best  value  for  the  heat  of  transition  is  probably  that  of  Br6nsted,* 

AHiw  =  77-0, 
hence  by  combination  with  the  preceding  expression  we  find' 

AH  «  120  —  0.50T  +  0.00125T*.  (4) 

We  may  now  write  the  equation  for  the  increase  of  free  energy* 
AP^  =  AHo  —  APoThiT  —  ViAPiT*  +  IT; 
or 

Sm  =  Sr;  AF^  =  120  +  o.5oTlnT  —  o.ooi25T«  —  2.820T.  (5) 
The  value  of  I  being  determined  as  follows:  The  temperature  at  which 
the  free  energy  change  of  this  reaction  is  zero,  in  other  words,  the  transition 
point,  is  given  by  Tammann*  as  94.6®  and  by  Reicher*  as  95.5®.  We 
will  take  the  mean,  95  ^.  We  may,  therefore,  substitute  in  the  preceding 
equation  and  find  I  =  — ^2.820,  whence  AF^m  =  17.5. 

The  free  energy  change  at  25®  was  also  found  directly  by  Brdnsted^ 
who  determined  the  relative  solubility  of  the  two  forms  of  sulfur  in  ben- 
zene, in  ethyl  ether,  in  e;thyl  bromide,  and  in  ethyl  alcohol.  The  ratio 
of  the  concentration  of  Sm  to  that  of  Sr  was  found  to  be  1.27,  1.28,  1.28, 
and  1.3  in  the  four  solvents,  respectively.  Since  both  forms  of  sulfur 
were  shown  by  Bronsted  to  give  identical  solutions  with  the  formula  Ss, 
the  free  energy  change  is  given  by  the  equation 

Lond4m,  76,  332  (19Q5);  Forcii  and  Nordmeyer,  Ann.  physik.,  20,423  (1906);  Wigand, 
Z.  physik.  Chem.,  63,  293  (1908);  Nemst,  Koref  and  Lindemaxm,  Sitzb.  Kgl.  preuss. 
Afuid.  Wiss,,  12,  13,  247-261  (1910);  Nemst,  Ihid.,  la,  13,  261-282  (1910). 

1  Regnault,  Loc.  cit.\  Thoulet  and  Lagarde,  Compt.  rend.,  94,  15 12  (18S9);  Wigand, 
LoCi  0i.;  Nemst,  Koref  and  lindemann,  and  Nernst,  Ibid, 

>  Brtaated,  Z.  physifc,  Chem.,  55»  37i  (1906). 

*  This  equation  gives  at  95  ^  AH  «-  105,  while  Tammann,  Ann.  physik.,  I3  ]  68, 
633  (1899}  obtained  the  value  100  at  this  temperature.  See  also  Lewis  and  Randall, 
iSiis  Journal^  33«  488  (191 1)- 

*  Lewis,  Tms  Journal,  35,  i  (1913)1  Equation  32. 

*  Tammann,  Loc.  eU, 

*  Heicher,  Z.  KrystaUographU,  3,  593  (1884). 
'  Br6nsted,  Loc.  cit. 
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AP«  =  ^  In  1.28. 
8 

Hence  AF°298  =  18.3,  a  value  nearly  the  same  as  that  found  by  the  other 

method,  17.5,  which  value  will  be  used  hereafter. 

Liquid  Sulfur. 

While  it  is  probable  that  a  large  number  of  pure  liquids  contain  two  or 
more  molecular  species  in  equilibrium  with  one  another,  the  case  of  sulfur 
is  peculiar  in  that  the  equilibritun  under  certain  circumstances  is  established 
so  slowly  that  it  has  been  possible  to  demonstrate  the  existence  in  the  liquid 
state  of  the  two  substances  known  as  Sx  and  S^,  and  to  determine  quanti- 
tatively at  various  temperatures  the  relative  amounts  of  these  two  sub- 
stances (which  in  all  probability  have  the  formulae  Sg  and  Se,  respectively).* 
We  have,  therefore,  three  reactions  to  consider,  involving  the  formation 
from  the  standard  rhombic  sulfur  of  pure  Sx,  of  pure  S„  and  of  the  mixture 
of  the  two  as  they  exist  together  in  equilibrium,  which  may  be  denoted 
by  Sx,M-    Of  these  only  the  first  and  last  have  been  fully  investigated. 

Sr  =  5x.— The  heat  capacity  of  Sx  is  given  by  the  equation' 

C^(Sx)  -  54  +  0.005T.  (6) 

Combining  this  with  (i)  we  have  for  the  reaction, 

Ar  =  1.28  +  0.0003T  (7) 

and 

AH  =  AHo  +  1.28T  +  O.O0OI5T'.  (8) 

AHs7»  is*  467  and  thus  AH©  =  — ^35  and 

AF^  =  —35  —  i.28ThiT  —  o.oooi5T«  +  7-77T.  (9) 
The  value  of  I  =  7.77  in  this  equation  was  obtained  as  follows:  Kruyt* 
found  that  when  rhombic  sulfur  melts  to  form  pure  Sx  the  melting  point* 
is  112.8°.  At  this  temperature,  therefore,  AP®  =  o,  and  the  above 
equation  may  be  solved  for  I.  Prom  this  equation  we  find  AF%98  =  94cal. 
Sm  =  •S^x. — ^We  may  make  a  similar  calculation  for  this  reaction.  The 
melting  point*  of  Sm  to  form  pure  Sx  is  1 19  °.  This,  together  with  the  heat 
capacities  and  heats  of  transition  already  used,  leads  to  the  equation 

AF°  =  —155  —  i.78ThiT  +  o.ooiiT*  +  10.60T.  (10) 

Subtracting  this  equation  from  (9)  gives  an  equation  identical  with  (5) 
except  that  I  =  — 2.83  instead  of  I  =  — 2.82. 

^  Our  evidence  on  the  basis  of  which  we  attribute  the  formula  Sf  to  Sj,,  is  given 
in  a  letter  published  by  Smith  and  Carson,  Z.  physik,  Chem.,  77,  672  (19"). 

*  Lewis  and  Randall,  Tms  Journal,  33,  476  (1911)- 

*  Lewis  and  Randall,  Ibid. 

<  Kru3rt,  Z,  physik.  Chem.,  64,  513  (1908),  where  a  bibliosraphy  of  eariier  wotk 
on  the  different  forms  of  sulfur  may  be  found. 

*  See  also  Smith  and  Carson,  Z.  physik,  Chem.,  77,  668  (191 1). 

'Smith  and  Holmes  (Z.  physik,  Chem.,  42,  469  (1903))  give  119.35';  Wigand 
in  a  later  paper  gives  z  18.95**  (2,  physik,  Chem,,  75*  335  (1910)). 
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This  is  not  the  only  way  of  checking  the  accuracy  of  the  various  num- 
erical 4ata  employed.  Given  the  equation  for  Sr  =  Sx>  and  the  melting 
points  of  Sr  and  Smi  we  could  have  calculated  without  further  data  AH 
for  Sm  =  Sxf  and  f or  Sr  —  Su>  and  would  have  obtained  values  in  close 
agreement  with  those  which  we  have  used.  Or  we  could  have  assumed 
the  experimental  values  of  AH,  and  then  from  either  of  the  melting  points 
the  other  one  could  have  been  calculated,  just. as  the  transition  point, 
Sr  s=  .Sm>  can  be  calculated  from  (9)  and  (10)  when  the  two  melting 
points  are  known. 

Besides  the  melting  points  when  Sr  and  Sm  melt  to  form  pure  S)^  we 
have  also  the  so-called  natural  melting  points,  namely,  the  temperatures 
at  which  the  solids  are  respectively,  in  equilibrium  with  Sx^  the  stable 
mixture  of  Sx  and  Sn-  The  natural  melting  point  of  Sr  is  1 10.4^  (Kru3rt,^ 
x{o.6^;  Smith  and  Carson,*  110.2^).  The  natural  melting  point  of  Sm^ 
is  114.6^.  From  either  of  these  experimental  points  we  may  calculate 
the  free  enex^  of  the  equilibrium  liquid,  or  with  the  known  data  for  the 
heat  content  of  the  various  forms  we  may,  from  the  first  of  these  points, 
calculate  the  second  point,  and  this  calculation  gives  a  value  within  o.a^ 
of  the  one  experimentally  determined. 

•5x  =  5x,^. — ^There  is  still  another  way  of  calculating  the  free  energy 
of  the  equilibrium  liquid,  Sx^i-  With  decreasing  temperature  the  equi- 
librium liquid  becomes  more  and  more  nearly  pure  Sx*  It  would  therefore 
be  a  very  close  approximation  to  the  truth  to  assume  that  at  25^  the  free 
energy  of  Sx,^  is  equal  to  that  of  Sx;  or,  better,  since  by  extrapolation  from 
data  about  to  be  mentioned  we  find  the  amount  of  Sx  converted  into  S^ 
at  25  **  to  be  about  0.8%,  we  may  assume  that  in  this  very  dilute  solution 
the  activity  of  the  Sx  is  proportional  to  its  mol.  fraction,  and  thus  we 
find  by  a  very  simple  calculation  that  AP^w  —  — 0.8  cal. 

Next  from  the  thermal  data  it  is  possible  to  calculate  the  free  energy 
of  Sx^  at  higher  temperatures.  In  this  case,  however,  the  use  of  the 
thermal  data  cannot  be  made  conveniently  in  the  ordinary  way,  for,  as 
we  have  shown  in  the  paper  dealing  with  the  heat  content  of  sulfur,  the 
specific  heat  of  the  equilibrium  liquid  cannot  be  expressed  as  any  simple 
algebraic  function  of  the  temperature.  We  must  therefore  go  back  to 
the  fundamental  free  energy  equation  which  we  may  write  in  the  form 

<¥)  -  -''" 

or,  when  integrated  between  two  temperatin-es,  Ti  and  Tj, 


AF,        AFi         f'T,        AH  ^ 

Ta  Ti  JTi  T« 

*  Kruyt,  Loc.  cit. 

*  Smith  and  Carson,  Z.  physik.  Chem.,  77,  66z  (iqh)* 
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Now,  if  AH/T*  is  plotted  ^fainst  T,  we  may  perform  the  indicated  integra- 
tion graphically  and  thus  obtain  the  free  energy  at  one  temperature 
when  it  is  known  at  some  other  temperature.  This  is  the  general  method 
which  must  be  employed  when  the  heat  of  reaction  is  known  at  various 
temperatures,  but  cannot  be  conveniently  expressed  in  terms  of  a  simple 
equation. 

The  value  of  AH  in  the  formation  of  32  g.  of  S^  from  Sx  we  have  shown 
to  be  416  cal.  The  specific  heat  of  S^  is  unknown,  but  we  shall  make  no 
serious  error  in  assuming  that  it  is  approximately  the  same  as  that  of 
Sx>  and  therefore  AH  for  Sx  =  S^  is  approximately  constant,  and  AH  for 
Sx  =  Sx,^  is  simply  416^1:  where  x  is  the  fraction  of  S,,  in  Sx,,,.  Sub- 
stituting this  value  for  AH  in  the  above  equation,  we  have  only  to  integrate 
— /^i6x/T^dT.  Now  from  the  da£a  of  Smith  and  Holmes^  and  of  Carson* 
(see  Fig.  r,  Lewis  and  Randall)'  we  have  plotted  the  values  of  «/T*  be- 
tween 25^  and  445^  and  determined  graphically  the  area  of  this  curve 
between  25^  and  various  upper  temperature  limits,  thus  obtaining  the 
following  table,  in  which  the  first  column  gives  the  absolute  temperature, 
the  second  the  fraction  of  S^,  the  third  the  value  of  the  integral,  and  the 
fourth  the  value  of  AF°  at  each  temperature  provided  that  AF%9t  =  o: 

Table  I. 


T. 

X. 

jL-*^- 

AP». 

298 

0.008 

0.0 

0.0 

373 

0.031 

—0.0046s 

—  1.7 

393 

0.040 

— 0.00664 

—  2.6 

413 

0.055 

— 0.00902 

—  3.7 

423 

0.067 

— 0.01037 

—  4.4 

433 

O.III 

— 0.01217 

—  5.3 

443 

0.187 

-0.01553 

—  6.9 

453 

0.225 

—0.0x981 

—  9.0 

473 

0.270 

— 0.0295 

—14.0 

510 

0.313 

— 0.0496 

—25.3 

573 

0.332 

—0.0771 

— 44-2 

653 

0.338 

— 0.1070 

— 70.0 

718 

0.341 

— 0.1267 

—91.0 

The  value  of  AP**  for  Sx  =  Sx.„  at  110.4*  can  be  very  readily  found 
from  independent  data  already  given,  for,  this  being  the  natural  melting 
point  of  Sr,  AF°  =  o  for  Sr  =  Sx.^  and  therefore  AF**  f or  Sx  =  Sx^  is 
equal  to  — ^AF°  for  Sr  =  Sx.  The  latter  value  may  be  obtained  from 
Bquation  9,  or,  since  the  interval  from  this  temperature  to  the  point 
of  equilibrium  between  Sr  and  Sx  is  small,  we  shall  obtain  greater  accuracy 
by  simplifying  the  primitive  equation 

*  Smith  and  Holmes,  Z.  physik.  Chem.,  54,  257  (1905). 

*  Carson,  This  Journal,  29,  499  (1909}. 

'  Lewis  and  Randall,  Ibid.,  33,  476  (191 1). 


Digitized  by  VjOOQIC 


VKBn  ENERGY  OP  VARIOUS  FORMS  OF  EL^ICHNTARY  SULFUR.     2473 

AF-AH  =  T^-^> 
oT 

to 

-AH  =  T^ 

and  regarding  the  small  temperature  interval  as  an  infinitesimal.  We 
thus  find  at  110.4'*  for  Sr  =  Sx,  AF**  =  2.7,  and  thus  for  Sx  =  Sx^, 
AF®  =*  — 2.7  cal.  The  value  obtained  by  interpolation  in  Table  I  is 
—2.2  if  AF**i9i  =  o,  or  — ^3.0  if  AF%m  =  — 0.8,  as  it  was  roughly  estimated. 
These  calculations  have  been  entered  into  in  more  detail  than  would  be 
warranted  by  the  importance  of  the  particular  problem  involved,  but  they 
afford  simple  illustrations  oi  the  methods  which  are  generally  applicable 
in  similar  cases. 

Gaseous  Sulfur. 

The  next  reactions  to  be  considered  involve  not  only  much  larger  free 
energy  dianges,  but  also  greater  uncertainty  in  these  values.  The  gaseous 
phase  of  sulfur  is  even  more  complex  than  the  Uquid,  and  may  contain 
at  least  four  molecular  species — S,  St»  Se  and  St.  We  shall  attempt  to 
determine  the  free  energy  of  only  one  of  these,  namely,  Sj,  although  the 
measurements  of  Nemst^  on  the  dissociation  St  =  2S,  and  those  of  Preu- 
ner  and  Schupp'  on  the  equiUbrium  between  Sa,  Se  and  Sg  make  it  possible 
to  estimate  roughly  the  free  energy  of  the  other  gaseous  forms. 

2Sx,^  =  St. — In  order  to  find  at  the  temperatiu'e  of  boiUng  Sx.^  ^^ 
difference  in  free  energy  between  the  equilibrium  vapor  and  Sa  at  atmos- 
pheric pressure  (if  it  could  so  exist)  we  will  make  use  of  the  following 
device:  Let  us  assume  that  the  equilibrium  vapor  is  expanded  reversibly 
and  isothermally  to  such  a  low  pressure  that  it  is  essentially  pure  Ss,  and 
that  then,  with  the  aid,  perhaps,  of  a  negative  catalyzer,  the  Ss  vapor  is 
compressed  reversibly  and  isothermally  to  atmospheric  pressure  without 
the  formation  erf  any  Se  or  Sg.    The  difference  between  the  values  of 

J  vdp  in  the  two  isotherms  will  be  the  desired  difference  in  free  energy. 

Now  the  isotherm  of  Sa  may  be  asstuned  to  be  that  of  a  perfect  gas,  that 
of  the  equilibrium  vapor  can  be  obtained  from  measurements  of  the 
volume  of  sulftu*  vapor  at  different  pressures.  When  we  first  made  this 
calculation  the  best  available  data  were  those  of  Biltz  and  Preuner'  who 
determined  the  density  of  sulfur  vapor  at  444.6®  between  14  mm.  and 
458  mm.  The  relations  which  they  thus  obtained  between  pressiu-e 
and  volome  were  plotted  and  the  ciu^e  extended,  as  accurately  as  the 
data  perxnitted,  to  one  atmosphere  on  the  one  side  and  to  0.0075  atmos- 

1  Nernst,  Z.  Elekirochem,,  9,  622  (1903). 

*  Preuner  and  Schupp,  Z.  physik,  Chem.,  68, 129  ^909)* 

*  Biltx  and  Preuner,  Ibid,,  391  322  (1902). 
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phere   on   the  other,  and  the  area  corresponding  to  the  integral*   j  vdp, 

was  determined  graphically  and  found  to  be  97.0  liter  atmospheres. 
Now,  assuming  that  at  the  lower  limit  of  pressure  the  sulfur  vapor  is  all 
Sj,  the  other  isotherm  is  an  equilateral  hyperbola  coinciding  with  the 
first  curve  at  the  lower  pressures.  The  corresponding  area  tmder  this 
curve  was  289  liter  atmospheres.  The  'difference  of  192  liter  atmos- 
pheres, or  4650  cal.,  should  be  the  difference  in  free  energy  of  the  gas  St 
and  the  liquid  Sx,,.  at  one  atmosphere  and  444.6  %  since  the  liquid  Sx^ 
has  the  same  free  energy  as  the  equilibrium  vapor. 

The  data  from  which  this  calculation  was  made  were  subject  to  con- 
siderable uncertainties,  which,  however,  were  in  port  removed  by  the 
publication  of  a  more  extended  investigation  on  the  isotherm  of  sulfur 
vapor  by  Preuner  and  Schupp.^  Their  results  permitted  an  independent 
application  of  the  method  just  outlined.  Since  these  measurements 
were  made  at  450^,  in  order  to  reduce  their  results  to  the  boiling  point  of 
sulfur  a  small  correction  had  to  be  made,  details  of  which  need  not,  how- 
ever, be  given.  The  final  result  thus  obtained  was  4300  cal.  We  will 
take  as  a  mean  of  the  two  determinations 

2Sx.m(/)  =  Safe);  ^F^i8  =*  4500  cal. 
2Sr  =  S2. — ^We  then  have  from  Equation  9 

Sr  =  Sx;  AF°n8 590  cal. 

From  Table  I 

Sx  =  Sx.^;  AF^i8  =  --90  cal. 
By  combining  the  three  data  we  find 

2Sr  =  Sj  (g.,  I  atmos.);  AF°ni  =  3140  cal. 

In  order  to  find  the  expression  for  this  free  energy  change  at  other 

temperatures,  we  must  know  the  heat  of  the  reaction  as  a  function  of  the 

temperattu-e.    The  heat  capacity  of  Sr  has  been  given  in  Equation  i, 

that  of  the  gas  St  will  be  assumed  to  be  the  same  as  that  al  oxygen,  namely,' 

Cp{Si)  =  6.5  +  0.0010T.  (xi), 

Hence 

AT  =  1.74  — 0.0084T.  (12) 

The  value  of  AH©  we  may  obtain  by  combining  the  heat  of  formation  of 
HjS  from  Sj  found  by  Preuner  and  Schupp*  at  1000®  with  the  heat  of 
formation  of  HjS  from  Sr  found  by  Thomsen  and  Berthelot  at  room 
temperature.  This  calculation,  of  which  the  details  will  be  given  in  the 
paper  on  hydrogen  sulfide,  yields  the  value  AH©  =  29600.  We  may 
now  make  use  of  the  value  which  we  have  obtained  for  AF°7it  and  write 
as  the  final  equation 

^  Preuner  and  Schupp,  Z.  physik.  Chem.,  68,  129  (1909). 

•  Lewis  and  Randall,  This  Journai«,  34,  X130  (19x2). 

*  Pretuxer  and  Schupp,  Z.  physik,  Chem.,  68, 157  (1909). 
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2Sr  =  Si  (g);  AF**  =  29600  +  i.74TlnT  +  o.oo42T«  —  51.3T,    (13) 
and 

AF°2fi  =  17600. 
We  wish  to  express  our  obligation  to  the  Rumf  ord  Fund  of  the  American 
Academy  of  Arts  and  Sciences  for  financial  aid  in  this  investigation. 

Summary. 
The  following  table  gives  the  free  energy  of  formation  of  the  forms  of 
sulfur  considered  in  this  paper: 

Tabids  II. 

Sabstance.  PStt.        Bquation.  Substance.  PSit.  Equation. 

Sk o  S\f, —0.8        (Table  I) 

Sm 17. 5  5  Si     17600  13 

Sx 94  .  9 

BsmmuY,  Cai.. 


DETERMINATION  OF  CUPROUS  AND  CUPRIC  SULFIDE  IN 
MIXTURES  OF  ONE  ANOTHER. 

By  BirosM  Pcmhjak. 
Received  October  22.  1914. 

In  the  course  of  an  investigation  upon  copper  sulfide  minerals,  which 
at  the  present  time  is  being  carried  out  in  this  laboratory,  it  became 
necessary  to  discover  a  method  to  determine^cuprous  and  cupric  sulfide 
in  their  mixtures.  Such  a  determination  involves  great  difficulties  for 
the  reason  that  no  solvents  are  known  for  either  of  them,  i,  e,,  solvents 
which  dissolve  them  without  decomposition.  It  was  therefore  necessary 
to  find  a  substance  that  would  react  with  only  one  of  the  components, 
or,  if  reacting  with  both  of  them,  would  yield  with  each  of  them  a  different 
substance,  which  in  turn  could  in  some  way  be  easily  separated  and  de- 
termined. 

Several  reactions  were  tried,  for  instance  the  oxidation  of  cuprous 
sulfide.  It  is  wen  known  that  cuprous  sulfide  changes  in  an  add  solution 
in  the  presence  of  oxygen  into  cupric  sulfide.]|||But  experiments  showed 
that  this  reaction  did  not  stop  at  cupric  stilfide,  and  that  cupric  sulfide 
was  also  much  attacked  tmder  these  conditions.  Finally  it:  was  found 
that  the  reaction  of  cuprous  and  cupric  sulfide  with  silver  nitrate  offered, 
under  certain  conditions,  a  method  for  their  determination. 

The  reaction  between  cuprous  sulfide  and  silver  salts  has  been  ex- 
amined by  Heumann,^  Schneider'  and  more  recently  by  C.  Palmer  and 
E.  S.  Bastin.'    As  a  result,  this  reaction  has  been  expressed  by  the  equation 
CufS  +  2AgtS04  =  AgkS  +  2Ag  +  2CUSO4 
>  Ber.^  7,  x68o  (1874). 
<  PoU'  Ann,  Physik.,  152, 471  (1874). 
*  Economic  Geology,  8, 140  (1913)* 
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Regarding  the  reaction  between  cupric  sulfide  and  silver  salts  Anthon^ 
and  Schuermann*  report  the  formation  of  silver  sulfide.;  whereas  C.  Palmer 
and  E.  S.  Bastin*  assert  that  metallic  silver  as  well  as  silver  sulfide  is 
formed.    It  was  therefore  necessary  to  determine  this  reaction. 

A  very  pure  specimen  of  covellite  from  Butte,  Montana  (Cu  66,43%, 
S  33.28%,  Fe  0.05%,  Si02  0.07%),  and  a  chemically  pure  synthetic  cupric 
sulfide  were  used.  The  very  finely  groimd  material  was  heated  for  several 
hoiu^  on  the  steam  bath  with  solutions  of  silver  nitrate  and  sulfate,  re- 
spectively. The  resulting  substance  was  then  filtered  and  washed.  It 
proved  to  be  silver  sulfide.  Dr.  H.  E.  Merwin  kindly  examined  it  micro- 
scopically. He  fotmd  it  to  be  perfectly  homogeneous  and  in  neither  case 
when  natural  or  s)mthetic  cupric  sulfide  was  used,  could  he  detect  any 
metallic  silver. 

Substances  resulting  from  the  reaction  of  the  silver  salt  upon  cnpric 
sulfide  were  analya^d.    The  results  are  given  in  Table  I. 

Tabvb  I.  ••»,.»•:■'..       •  '   :  , 


Weight  of  SQt ar  tovatd        Mol  tOvef  for 

ntprlc  sal- 
fide  in  g.  ing  mibitance.       cnprie  Milfide.  Remarks. 


cupric  sal-  in  Uie  result-  each  mol  of 


0.3178  0.7216  2.01  Synthetic     CuS    treated    with 

Agi804 
0.3184  0.7169  1.99  Synthetic    CuS    treated    with 

AgNO, 
0.3164  0.7029  1.98  Nattiral  CuS  (Butte,  Montana) 

treated  with  AgKOs 

One  may  see  from  this  table  that  synthetic  cupric  sulfide  acts  exactly 
like  the  natm-al  mineral  and  that  the  nature  of  the  silver  salt  has  no 
specific  influence  on  the  reaction.  I^urther,  that,  when  the  reaction 
between  cupric  sulfide  and  silver  salt  solution  takes  place,  each  mol  of 
cupric  sulfide  reacts  with  two  mols  of  silver,  as  is  necessary  for  the  forma- 
tion of  silver  sulfide.  The  reaction  may  therefore  be  written 
CuS  +  2AgN0,  =  AgjS  +  Cu(NO,)a 

It  was  also  shown  in  a  different  way  that  no  metallic  silver  is  formed 
by  the  reaction  between  cupric  sulfide  and  silver  nitrate,  while  the  reaction 
between  cuprous  sulfide  and  silver  nitrate  gives  equal  quantities  of  silver, 
as  metallic  silver  and  as  silver  sulfide. 

It  is  known  that  metalUc  silver  can  be  dissolved  in  a  solution  of  ferric 
nitrate.    This  reaction  may  be  expressed  as  follows:^ 

Ag  +  Fe(NO,),  :^  AgNO.  +  Fe(NO,), 

According  to  the  thermochemical  equation* 

*  /.  frakL  Chem.,  zo,  355  (1837). 

*  Ann.,  349,  326. 
^Loc.ca, 

*  This  Journal,  34,  1016  (19x2). 

*  Landolt-B6msteiii-Roth  Tabellen. 
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Ag  +  Fc(N0,)8.Aq  «  AgNQj.Aq  +  Fe(N08)2.Aq  —  172,300  cal. 

the  eqtiilibrium  will  be  displaced  from  left  to  right  with  increase  of  tem- 
perature. An  excess  of  ferric  nitrate  will  also  displace  the  equilibrium 
in  the  same  direction,  so  that  conditions  are  readily  found,  under  which 
practically  all  the  silver  may  be  dissolved.  It  was  found  that  a  6% 
solution  of  ferric  nitrate  (anhydrous)  and  a  temperatiu-e  of  about  70® 
were  well  adapted  to  this  purpose. 

The  substances  resulting  from  the  reaction  of  cuprous  and  cupric  sul- 
fide, respectively,  with  silver  nitrate  were  now  tested  for  the  quantity  of 
metallic  silver  they  contained.  Each  was  treated  twice  with  the  solution 
of  ferric  nitrate  and  filtered  through  a  hot  water  funnel.  The  silver  was 
then  determined  in  the  solution  as  well  as  in  the  residue.  The  results 
are  given  in  Table  II. 

Tabls  n. 

Weight  of  SilTCr  extracted  Ratio  of  extracted 

ori^iial  with  ferric  Silver  in  silver  to  the  til- 

sabttanoe.  nitrate  solution.         the  residue.      ver  in  the  residue. 

0.31S8  g.  CuiS 0.4263  0.4292  0.993 

0.3226  g.CuS 0.0096  0.7170  0.013 

The  last  column  in  this  table  gives  the  ratio  of  silver  found  in  the  ferric 
nitrate  extract  to  the  silver  found  in  the  residue.  It  shows  that  in  the 
case  of  cuprous  sulfide  this  ratio,  within  the  Umits  of  the  experimental 
error,  is  i.  This  means  that  the  substance  resulting  from  the  treatment 
of  cuprous  sulfide  with  silver  nitrate  contains  equal  amoimts  of  silver 
as  metallic  silver  and  as  silver  sulfide,  and  confirms  the  above  reaction, 
viz., 

CutS  +  4AgN0,  =  AgtS  +  2Ag  +  2Cu(N0,),. 

Treating  the  substance  resulting  from  the  reaction  of  cupric  sulfide  and 
silver  nitrate  with  ferric  nitrate,  a  small  amoimt  of  silver  was  found  in 
the  extract  as  shown  in  the  table.  This  amotmt  (1.3%  of  the  total  silver) 
lies  probably  within  the  experimental  errors  and  might  be  due  to  some 
decomposition  of  silver  sulfide.  This  together  with  the  previous  experi- 
ments on  this  point,  proves  that  no  metallic  silver  was  present  and  we 
can  express  the  reaction  between  cupric  sulfide  and  silver  nitrate  by  the 
equation 

CuS  +  2AgNO,  =  AgiS  +  Cu(N0s)2 

The  different  ways  in  which  cuprous  and  cupric  sulfide  react  with  silver 
nitrate  give  us  the  possibility  of  determining  each  of  them  in  a  mixttu^ 
of  the  two.  After  treating  such  a  mixture  with  silver  nitrate  it  would 
only  be  necessary  to  separate,  in  the  resulting  substance,  the  metalUc 
silver  from  the  silver  sulfide,  which  we  have  previously  seen  can  be  ac- 
complished by  means  of  a  ferric  nitrate  solution.  The  silver  is  then 
determined  in  the  filtrate  as  well  as  in  the  residue.    The  amount  of  cuprous 
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sulfide  is  calculated  from  the  silver  fouiid  in  the  filtrate.  The  difierence 
in  silver  found  in  the  residue  and  in  the  filtrate  serves  for  the  calculation 
of  the  cupric  sulfide.  For,  if  the  substance  consisted  only  of  cuprous 
sulfide  we  should  find  equal  quantities  of  silver  in  the  filtrate  and  in  the 
residue  (within  the  limit  of  experimental  error),  while  if  cupric  sulfide  was 
present,  there  would  be  more  silver  in  the  residue  than  in  the  filtrate  and 
this  excess  would  correspond  to  the  amount  of  cupric  sulfide  in  the  mixture. 
To  make  such  a  determination,  conditions  described  below  must  be 
followed.  The  substance  to  be  examined  must  be  at  least  fine  enough 
to  pass  through  a  200  mesh  (per  linear  inch)  sieve.  About  0.4-0.5  g.  ma- 
terial are  treated  with  50  cc.  of  a  5%  silver  nitrate  solution,  which  is 
added  gradually  with  vigorous  stirring.  Most  of  the  reaction  takes 
place  within  a  few  minutes.  To  complete  it,  however,  the  covered  beaker 
must  be  put  on  the  steam  bath  for  about  3  hrs.  and  the  contents  vigorously 
stirred  at  short  intervals.  The  stirring  is  necessary  because  some  of  the 
material  might  otherwise  be  enveloped  with  metallic  silver  and  silver 
sulfide  and  this  small  quantity  might  remain  unchanged.  After  the 
reaction  is  complete  the  precipitate  is  filtered  and  washed  by  decantation 
till  the  filtrate  no  longer  reacts  with  hydrochloric  add.  The  precipitate 
is  then  collected  in  the  beaker  and  extracted  two  or  three  times  with  40-50 
cc.  of  a  6%  solution  of  ferric  nitrate  (anhydrous).  This  operation  is  car- 
ried out  at  about  ^o**.^    The  extract  is  filtered  each  time  through  a  hot 


Tabus  III. 


CusS. 
CuS.. 
CutS. 
CuS.. 
Cu^. 
CuS.. 
CusS. 
CuS.. 
CusS. 
CuS.. 
CuiS. 
CuS.. 
CusS. 
CuS.. 
CuiS. 
CuS.. 
CusS. 
CuS.. 
CusS. 
CuS.. 


Original 
m  per 

...  96 

...  3 

...  93 

...  6, 

...  93 

...  6, 

...  84 

...  15 

...  79 

...  20. 

...  45 

...  54 

...  12. 

...  87. 

...  ID. 

...  89 

...  4 

...  95. 
X. 

...  98. 


miztorc 
cent. 

25 
75 
80 
20 
06 
M 
76 
24 
08 
92 
07 
93 
35 
65 
43 
57 
95 
05 
66 

34 


Ratio  found 
in  per  cent. 


Difference. 
±0.11 

+  1.30 

+  1.56 

+1.48 
io.29 
io.29 
+0.12 

±0.44. 

ill  .30 


^  Higher  tcmperatitce  causes  hydrolysis  and  precipitation. 
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water  funnel  and  the  residue  is  finally  washed  with  hot  water.  To  the 
filtrate  nitric  add  is  then  added  until  it  becomes  colorless.  The  silv^  is 
then  precipitated  and  weighed  as  silver  chloride.  The  residue  is  xx>asted, 
dissolved  in  nitric  add  and  the  silver  determined  as  silver  chloride.  Hie 
percentage  of  cuprous  and  cupric  sulfide  in  the  mixture  is  calculated 
from  the  quantities  of  silver  chloride.  Table  III  gives  a  number  of  such 
determinations.  They  were  made  with  natural  cuprous  (Cu  79.67%, 
S  20.16%,  Fe  0.14%,  SiOj  0.06%)  and  cupric  sulfides  (given  above). 

As  seen  from  these  results  the  method  is  accurate  within  1.5%,  which 
may  be  rq;arded  as  satisfactory. 

In  this  method  the  metallic  silver  alone  may  be  determined  and  from 
this,  if  the  original  wdght  of  the  substance  is  known,  both  cuprous  and 
cupric  stilfide  may  be  calculated.  However,  the  assumption  that  the 
silver  fotmd  is  strictly  proportional  to  the  quantity  of  cuprous  sulfide  is 
not  safe.  It  sometimes  happens  that,  owing  to  insuffident  stirring,  a 
small  part  of  the  mixture  (CuiS,  CuS)  does  not  react  with  silver  nitrate. 
The  absolute  amount  of  cuproi^  sulfide  that  corresponds  to  the  metallic 
silver  would  in  such  case  be  too  low.  But  the  occlusion  probably  affects 
cupric  sulfide  in  a  similar  degree  as  it  does  cuprous  sulfide.  For  that  reason 
if  both  were  determined,  both  would  be  too  low  while  their  percentages, 
calculated  from  the  total  weight  fotmd,  would  be  correct.  The  data 
given  in  the  last  table  under  "foimd"  were  calculated  in  this  way. 

Summary. 

The  reaction  between  cuprous  sulfide  and  silver  nitrate  was  confirmed 
in  accordance  with  the  equation: 

CuiS  +  4AgN0,  =  AgiS  +  2Ag  +  2Cu(NQ8)» 

It  was  fotmd  that  silver  stdfide  only,  and  no  metallic  silver,  is  formed 
by  the  reaction  between  cupric  sulfide  and  silver  nitrate,  the  equation 
for  this  reaction  being 

CuS  +  2AgN0,  =  AgiS  +  Cu(NO,), 

Based  on  the  difference  between  these  reactions  a  method  is  given  for 
the  determination  of  cuprous  and  cupric  sulfide  in  mixtures  of  the  two. 
The  mixttu^  is  treated  with  silver  nitrate  and  from  the  product  the  metallic 
silver  is  extracted  by  means  of  ferric  nitrate.  The  amount  of  cuprous 
sulfide  is  calculated  from  the  metallic  silver,  while  the  cupric  sulfide  is 
calculated  from  the  difference  between  the  silver  in  the  silver  sulfide  and 
the  metallic  silver. 

In  mixtures  containing  the  constituents  in  any  proportion  whatever 
the  method  was  shown  to  be  acctu-ate  within  1.5%. 

GSOrHTlICAl,  I^ABOKATOKT,  CaSMSOIS  iNtTXTUTIOM, 
WASBmOTOM.  D.  C. 
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CORRECTION. 

In  the  article  on  ''Leakage  Prevention  by  Shielding,  Especially  in 
Potentiometer  Systems,"  by  Walter  P.  White,  vriUch  appeared  in  the 
October  number  of  this  year,  on  page  2018,  7th  line  from  the  bottom  of 
the  page,  instead  of:  "arrangement  described  in  connection  with  Pig.  7  of 
the  previous  paper  on  potentiometers,"  it  should  read:  "arrangement 
described  in  connection  with  Section  4,  (a)  of  the  previous  paper  on  poten- 
tiometers, page  1875/' 


THE  PARTIAL  VAPOR  PRESSURES  OF  TERNARY  MIXTURES 

OF  TOLUENE,  CARBON  TETRACHLORIDE  AND 

ETHYLENE  BROMIDE. 

By  M.  a.  Robanovf.  John  P.  W.  Scmam  and  R.  A.  Donvbv. 
Recdvvd  Angiut  17.  1914. 

The  measurements  reported  in  this  paper  were  carried  out  in  connec- 
tion with  a  study  of  fractional  distillation  with  regulated  stillheads.  In 
the  case  of  binary  mixtures,  P.  D.  Brown^  has  shown  that,  if  a  saturated 


^  P.  D.  Brown,  Trans.  Chem,  Soc„  37, 49  (iSSo)  and  especially  Ihid,^  39i  5x7  (x8Sx)« 
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vapor  is  partially  condensed  in  a  stillhead  maintained  at  a  constant  tem- 
perature, tlie  residual  vapor  escaping  from  the  stillhead  has  a  constant 
competition^  viz,,  the  composition  of  the  vapor  given  o£F  by  that  liquid 
mixture  which  boils  at  the  temperature  of  the  stillhead.  The  effect  of  the 
regulated  stillhead  on  vapors  containing  more  than  two  components  has 
never  been  investigated,  and  before  such  an  investigation  could  be  under- 
taken it  was  necessary  to  take  two  preliminary  steps:  (i)  to  work  out  a 
method  by  which  consecutive  fractions  of  a  ternary  distillate  could  be 
rapidly  and  accurately  analyzed;  (2)  with  a  view  to  discovering  the  law 
involved,  to  determine  the  partial  pressiues  of  the  ternary  mixtures 
of  a  suitable  set  of  three  substances,  at  the  boiling  points  of  the  mixtures 
under  ordinary  atmospheric  presstu-e. 


C/tCH 


Fig  a. 

Toluene,  carbon  tetrachloride,  and  ethylene  iMromide  were  chosen, 
because,  on  the  one  hand,  their  ternary  boiling  point  surface  is  not  com- 
plicated by  either  a  maximum  or  a  minimum ;  and  because,  on  the  other 
hand,  they  differ  widely  in  their  phj^ical  properties,  so  that  their  mix- 
tures could  be  accurately  analyzed  by  a  physico-chemical  method.  The 
needed  analytical  method  was  worked  out  by  one  of  us  and  fully  described 
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in  a  separate  communication.^  We  next  undertook  to  determine  the  re^ 
quired  partial  pressures  or,  what  is  the  same,  the  composition  of  the 
▼apors  in  equilibritun  with  various  mixtures  of  our  three  substances. 

As  to  the  method  to  be  employed,  there  could  be  nc  hesitation.  Von 
Zawidzki's^  method,  in  which  i  cc.  is  distilled  off  from  about  125  cc.  of 
mixture,  could  not  be  used;  otu-  anal3rtical  procedure  called  for  about  10 
cc.  of  the  liquid  to  be  analyzed,  and  to  obtain  such  a  quantity  of  distillate 
without  greatly  affecting  the  composition  of  the  original  mixture,  we  should 
have  had  to  use,  in  each  single  run,  as  much  as  i  to  i  .5  liters  of  mixture; 


CKBt^ 


which  was  impracticable.  The  method  of  Rosanoff,  Lamb,  and  Breithut* 
could  not  be  used  as  it  would  have  been  exceedingly  difficult  to  produce 
a  ternary  sattu-ated  vapor  of  constant  composition.  There  remained 
the  method  described  by  Rosanoff,  Bacon  and  White,  ^  and  this  we 
found  to  work  as  well  with  ternary  as  it  does  with  binary  mixtures. 

"  Schulze,  This  Journal,  36,  498  (1914)- 

*  Von  Zawidzki,  Z.  pkysik,  Chetn.,  35,  129  (1900). 

*  Rosanoff,  Lamb  and  Breithut,  Tms  JouRNAt,  3if  44^  (1909);  ^*  physik.  Ch$m., 
Wi  349  (1909). 

« RoMnoff,  Bacon  and  White,  Thb  Journal,  36, 1803  (19x4}. 
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As  in  the  case  of  binary  mixtures,  the  method  consisted  simply  in  pre- 
paring a  set  of  different  mixtures  of  exactly  known  composition,  subject- 
ing each  to  distillation  without  reflux  condensation,  and  analyzing  con- 
secutive fractions  of  the  distillates.  The  amount  of  mixttu-e  employed 
each  time  was  only  loo  cc.  The  analyses  were  made  by  determining  both 
the  index  of  refraction  and  the  density  of  each  separate  distillate.  The 
treatment  of  the  results  was  more  laborious  than  with  binary  mixtures, 
owing  to  the  fact  that  three-dimensional  coordinates  could  not  be  con- 
veniently employed.    The  method  involves,  namely,  plotting  the  com- 
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Fig.  4. 


position  of  the  first  fraction  against,  the  weight  of  that  fraction*  the  com- 
position that  would  result  by  mixing  the  first  and  second  fractions, 
against  the  combined  weight  of  those  two  fractions,  then  the  combined 
composition  of  Fractions  1+2-^3  agaiost  the  combined  weight  of  the 
three  fractions,  etc.,  and  extending  the  resulting  ciu^e  to  where  the  weight 
of  distillate  is  zero.  The  point  thus  attained  by  the  curve  would  indicate 
the  comparition  of  the  first  infinitesimal  amount  of  vapor  evolved  by  the 
given  mixture.  In  the  case  of  ternary  mixtures  the  composition  would 
require  two  coordinate  axes  for  its  representation,  while  the  corresponding 
weights  require  a  third  axis.    To  obtain  the  dej^ired  result  with  the  aid 
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or  ordinary  cross-section  paper,  we  had  to  resort  to  an  indirect  procedure, 
and  it  is  this  that  involved  some  additional  labor.  We  proceeded  as 
follows:  Having  calculated  the  combined  composition  of  Fractions  1  +  2, 
Fractions  1  +  2  +  3,  etc.,  we  ascertained,  from  Schulze's  curves,  the  in- 
dices of  refraction  and  the  densities  that  these  combined  distillates  would 
have.  The  indices  and  the  densities  were  separately  plotted  against  the 
weights.  In  this  manner  two  separate  plane  curves  were  obtained,  which, 
extended  to  where  weight  equals  zero,  indicated  req>ectively,  the  refrac- 
tive index  and  the  density  of  the  first  infinitesimal  quantity  of  distillate. 
The  two  physical  properties  revealed  the  composition  of  that  first  ififimtesimal 
distillate  or,  what  is  the  same,  of  the  vapor  in  equilibrium  with  the  given  ternary 
mixture. 


The  measurements,  as  already  stated,  were  undertaken  as  preliminary 
to  a  study  of  the  regulated  stillhead.  For  the  purposes  of  that  study 
it  was  necessary  to  learn  what  vapors  are  in  equilibrium  with  the  various 
ternary  liquids  boiling  at  least  at  some  one  temperature.  We  did  this  for 
five  di£ferent  temperatures,  viz,,  for  83°,  91**,  99®,  107  ^  and  115®.  And 
for  each  of  these  temperattu-es  we  studied  five  different  ternary  mixtures 
and  the  two  binary  mixtures,  all  boiling  at  that  temperature.    The  re* 
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suits,  tabulated  below,  are  graphically  reproduced  in  Figs,  i  to  3.  The 
system  of  codrdinates  used  is  an  isosceles  right-angled  triangle,  which  is 
by  far  the  most  convenient  for  practical  purposes.  The  length  of  each 
of  the  equal  sides  is  100.  Each  vertex  represents  one  of  the  components 
in  the  pure  state.  Every  point  on  a  side  represents  a  binary  mixture. 
Any  point  within  the  triangle  represents  a  ternary  mixture:  its  perpen- 
dicular distance  from  each  of  the  two  equal  sides  measures,  the  percentage 
of  the  component  represented  by  the  vertex  opposite  to  that  side;  its  dis- 
tance from  the  hjrpothenuse,  measured  alone  a  line  parallel  to  either  of 
the  two  equal  sides,  represents  the  percentage  of  the  third  component. 
In  each  of  otu*  figures,  the  heavier  curve  is  an  isothermal,  showing  the  com- 
positions of  the  various  mixtures  boiling  at  the  stated  temperature;  the 
lighter  curve  represents  the  composition  of  the  vapors  in  equilibrium  with 
those  various  liquids,  the  point  for  each  liquid  studied  being  connected 
by  a  tie-line  with  that  representing  the  corresponding  vapor. 

The  very  same  substances  were  used  again  that  had  been  prepared 
and  purified  in  working  out  the  analytical  method.^ 

In  the  tables  below  all  percentages  are  by  weight. 

Numerical  Results. 

Tabl9  I. — TiRsr  MtxTUKS  OF  Bon^mc  Point  83**.    Cobiposition  of  th«  Mdctuks: 

83.00%  CCI4  -f  17.00%  C«H,CH,  -h  0%  CH4Br,. 

Distillate  Weisht  of  Refractive 

No.  diitillate.         Spec.  vol.  angle.  %  CCl.  %  CcHsCHi.     %  CtH4Bn. 

1 22.745  0.6693  44442  92.35  7.65  O 

2 22.647  0.6740  44.35*  91.45  8.55  O 

3 21.283  0.6827  44.192  89.8  10.2  O 

4 21.367  0.6948  43.958  87.5  12.5  O 

5 20.345  0.7x71  43.567  B3.3  16.7  o 

Hence,  composition  of  first  iofinitesimal  amotmt  of  distillate:  92.7%  CCI4  +  7^% 
CJH,CH.  +  0%  CH4Br,. 

Tabls  II. — ^Sbcond  Mixturb  of  BonjNG  Pomr  83  *.    Composition  of  Ten  Mixturs: 
81.26%  CCI4  4-  14.34%  C«H»CH,  -f  4.40%  CsH4Bri. 

Distillate  Weight  of  Refractive 

No.  distiUaU.         Spec  vol.  angle.  %  CCU.        %C«II«CHi.    %  CtHiBn. 

1 21.498  0.6610  44.417  91.25  6.75  2.0 

2 24.456  0.6644  44.342  90.45  7.4  2.15 

3 23.146  0.6713  44.158  88.7  8.8  2.5 

4 23.951  0.6815  43.900  86.1  10.85  3.05 

5 20.611  0.7006  43.433  81.3  14.8  3.9 

Henoe,  composition  of  first  infinitesiaml  ^oioiuit  of  distillate:  91.8%  CC1«  -f  6.3% 
Cai,CH.  -f  1.9%  CiH4Br,, 

^  Schube,  loc.dt. 


Digitized  by  VjOOQIC 


2486  M.  A.  SOSANOn,  JOHN  P.  W.  SCHULZB  AND  R.  A.  DUNPHY* 

Tabxa  III.— Third  Mxxturb  op  Boiung  Point  83"*.    CoicposmoN  09  ths  Mix- 
TURK:    77.76%  CCI4  +  8.64%  CJIiCHi  +  13.60%  CABi^ 

DbtUlaU         •  Weight  of  RcfnictiTe 

No.  distfflate.  Spec.  vol.  angle.  %  CCU.       %  OHiCHi.    %  COUBn. 

t 22.152  0.6423  44.433  91.3  3.95  4-75 

2 21.829  0.6437  44*367  90.65  4.35  5*o 

3, 30.959  0.6457  44.200  88.9  5.1  6.0 

4 22.748  0.6487  43967  86.5  6.1  7>4 

'5 21.876  0.6545  43.577  82.45  7.85  9.7 

Hence,  composition  of  first  infinit«riinal  amount  of  distillate:  91-8%  CCU  +3-75% 
COI^CH,  +  4.45%  COIiBr,. 

Tablb  IV«.^Foi7RTk  Moctxjrb  of  Boiliho  Point  83^    Composition  ov  thb  Mk- 

von:    76.04%  CCI4  +  6.16%  COIftCHi  +  17.80%  CtBUBrs. 

DladllAla  Wdsht  of  Refractive 

No.  dUtfflate.         Spec.  vol.  angle.  %  CCU.         %  C«H«CHi.     %CiR«Bn. 

1 24.000  0.6342  44.425  91.0  2.8  6.2 

'   2. 23.463      0.6345      44.350      90.2         3.1         6.7 

3 23.548  0.6352  44.150  88.3  3.6  8.1 

4 23.516  0.6366  43.867  85.5  4.5  10. o 

5 23.181  0.6385  43.350  80.1  6.1  13.8 

Hence,  composition  of  first  infitritmmal  amount  of  distillate:  91.4%  CCU  +  2.6% 
CJI,CH,  +  6.0%  C^SUBu. 

Table  V.— Fifth  Mixturs  of  Boiling  Point  83*.    Composition  of  th«  Mixture: 
74.67%  CCI4  +  3.93%  CeHiCHi  -f  21.40%  CiH4Brt. 

Distillate  Weight  of  Refractive. 

No.  diatfilate.         Spec.  voL  angle.  %  CCU.  %C«H«CH».     %CgH4Bft. 

1 25.734  0.6268  44.450  91. 1  1.8  7.1 

2 25.779  0.6865  44.350  90.0  a.O  8.0 

3 24.891  0.6255  44.117  87.8  2.5  9.7 

4 27.162  0.6241  43750  84.1  3.x  12.8 

'5 23.929  0.6210  42.958  76.3  4.5  19.2 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  91.4%  CCI4  +  1.8% 
C1H.CH,  4-  6.8%  CiHiBr,. 

Table  VI. — Sixth  Mixturb  of  Boiling  Point  83  *.    Composition  of  ths  Mdcturs  : 
73.42%  CCI4  +  1.88%  C«H,CH,  +  24.70%  CsH^Bn. 

DietUUte  Weight  of  RefracUve 

No.  dilate.         Spec.  vol.  angle.  %  CCU.         %  C«H»CHt.     %  ChHiBn. 

1 23.056  0.6198  44.417  90.5  0.8  8.7 

2^ 24.124  0.6190  44.350  89.8  I.O  9.2 

3.. 24.481  0.6169  44.150  87.9  I.I  II. O 

4 24.350         0.6137  43.850  85.1  1.3  13.6 

5 24.129  0.6079  43.283  79.4  1-9  18.7 

Hence,  composition  of  first  infinitfawmal  amount  of  distillate:  90.8%  CCh  4-  0.8% 
CH,CH,  +  8.4%  CJl4Br,. 
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Tabui  VII.— S«vbnth  MncTURS  op  BoaiNo  Point  83  *.    CoMPOsmoN  of  ths  Mk- 

Turb:    72.30%  CCI4  -f  0%  Cai»CH«  +  27.70%  CsHtBrt. 

DistillAte  Weif ht  of  RefracUve 

Now  dktiUate.  Spec.  vol.  angle.  %  CCU        %  CcHiCHs.      %  CiBiBi^ 

1 24.046    0.6136    44*425     90.4      o       9.6 

2 24.461  0.61^0  44.353  89.8  O  10.2 

3 24.109  0.6087  44-150  87.7  o  12.3 

4 24.539  0.6037  43.858  84.8  O  15.2 

5 24.389  0.5941  43.250  79.2  o  20.8 

Hence,  composition  of  first  infinitesimal  amount  of  dbtiUate:  90.7%  CCU  +  0% 
COItCH,  +  9.3%  COIiBr,. 

Table  VIII.— First  Mixture  op  Boiuno  Point  91°.    Composition  op  ths  Mix- 
ture:   59.40%  CCI4  +  40.60%  COIiCHi  +  0%  CiHiBrs. 

Distmate  Weight  of  Ref  ractiyc 

No.  dbtUIftte.        Spec.  toI.  angle.  %CCl4.  %C«HiCH«.     %CbH«Bn. 

1 20.514    0.7473    43.083    77.6      22.4      O 

2 20.846  0.7632  42.841  74.6  25.4  O 

3 18.603  0.7895  42.467  69.6  30.4  >0 

4 19.676  0.8276  42.OQO  62.2  37.8  O 

5 16.854  0.8931  41.283  50.0  50.0  O 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  78.6%  CCI4  +  21.4% 
CHiCH,  +  0%  COIiBr,. 

Tabls  IX.— ^Sscond  Mixtxjrb  op  BoaiNG  Point  91^.    Composition  op  ths  Mix- 
TURS:    59.16%  CCU  +  39.44%  COIiCHi  +  1.40%  CiH4Bri. 

DietiUate  Weight  of  Refractiyc 

No,  distlUate.         Spec.  vol.  angle.  %Ca4.  %C«HiCH«.     %  CiHiBf^. 

1 20.816  0.7431  43.100  77.5  21.9  0.6 

2 20.026  0.7582  42.867  74.6  24.8  0.6 

3 18.790  d.7862  42.483  69.3  30.0  0.7 

4* 17.957  0.8175  42.067  63.3  36.0  0.7 

5 16.585  0.8727  41.383  51.9  46.7  1-4 

Hence,  composition  of  first  Infinitesimal  amount  of  distillate:  78.7%  CCU  +  20.8% 
CJI.CH,  +  0.5%  Cja^Bu. 

Tabub  X. — Third  Mixturb  op  Boiung  Point  91  "*,    Composttion  op  ths  Mixturs: 
54.67%  ecu  +  23.43%  CeHsCH,  +  21.90%  C,H4Br,. 

I>istilhite  Weight  of  Refractive 

No.  distlUate.  Spec.  vol.  angle.  %  CCU.        %  C«H»CHi.     %  CtHiBn. 

1 21.867  0.6855  43.150  78.2  13.5  8.3 

2., 21.606  0.6926  42.900  75.4  15. 1  9.5 

3 21.513  0.7048  42.433  69.5  18.2  12.3 

4 20.527  0.7218  41.800  61.6  22.5  15.9 

5 19-9"  0.7475  40.650  46.3  29.8  23.9 

Hence,  composition  of  first  infinitesimal  amount  of  dt^tiUfite:  79.1%  CCU  -f-  12.8% 
C#H#CH,  +  8.i%Cai4Br,. 
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Tabib  XI.— Fourth  Mixturb  op  Boeing  Point  91  *.    Composition  of  trb  Mot- 

turb:    50.88%  ecu  -f  12.72%  COIiCH,  +  36.40%  CiHiBrt. 

DiaUlUte  Wdfht  of  RefncUye 

No.  dl^tOiate.         Spec.  vol.  an^le.  %  CCU.        %  CiHiCHi.  %  CfeH«Bn. 

1 32.860  0.6448  43.150  78.25  7.5  14.25 

2 23.822  0.6467  42.883  75.5  8.4  16. 1 

3 23.250  0.6494  42.275  68.9  10.5  20.6 

4 23.362  0.6528  41.392  59.3  13.2  27.5 

5 21.540  0.6541  39783  41.9  17.6  40.3 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  79.0%  CCI4  +  7-3% 
CJI.CH,  +  13.8%  COIiBr,. 

TaBLB  XII. — ^PlFTH  MCCrURB  09  BOILINO  PoiNT  9I**.     COMPOSITION  OP  THB  MOC- 

turb:    49.22%  CCI4  +  8.68%  CACHi  +  42.10%  CsHiBrt. 

DUtUlKU  Weisht  of  ReftractiTe 

No.  (Us^te.  SpecYoL  an^le.  %  CCU.      %  CcHiCHi.     %  CkHcBtfe. 

1 24.234  0.6289  43.XI7  77.8  5.3  16.9 

2 24.755  0.6287  42.825  74.8  6.1  19. 1 

3 23.738  0.6274  42.183  68.5  7.4  24.1 

4 23.339  0.6245  41.217  58.9  9.4  317 

5 23.739  0.6150  39.300  40.4  12.4  47.2 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  790%  CCI4  +  3.1% 
CJI»CH,  +  15.9%  CHiBr,. 

Tablb  XIII.--S1XTH  Mdcturb  op  Boiling  Point  91  *.    Composition  op  the  Mdc- 
turb:    47.88%  CCI4  +  5.32%  CiHiCH,  +  46.80%  CiHiBrfl. 

DiitillftU  Weight  o^  RdFractlrc 

No.  dMUate.  Spec.  vol.  angle.  %  CCU.      %  CiHiCHi.     %  C^U^Bn, 

1 24.777  0.6155  43.150  78.3  3-3  18.4 

2 24.602  0.6138  42.850  75.3  3.7  21.0 

3 24.453  0.6092  42.200  69.1'  4.6  26.3 

4 24.320  0.6011  41133  59.1  3*8  35.1 

5 24.511  0.5814  38.842  39.0  8.0  53.0 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  794%  CCI4  +  3.0% 
CHtCH,  +  17.6%  CtH4Br,. 

Tablb  XIV.— Sbvbntr  Mixturb  op  Boiling  Point  91  *.    Compositiok  op  the  Mix- 
turb:    4580%  CCU  +  0%  CcHiCHt  +  5420%  CtHiBrt. 

Dijrtttlatc  Wdfht  of  RefrmcUye 

N6.  O^tlluu.  SpecTol.  angle.  %  CCU.       %  CiHiCHi.     %  aBiBn. 

1 28.555  0.5933  43-200  78.5  O  21.5 

2 25.441  0.5878  42.833  75.2  O  24.8 

3 25.965         0.5759         42.033  68.3  o  31.7 

4 26.374  0.5551  40.5x7  56.0  o  44.0 

5 28.389         0.5109         36.800  30.1  o  69.9 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  79-7%  CCI4  +  0% 
CJIiCH,  +  20.3%  CtH4Br,. 
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Table  XV.— Fisst  Mixture  of  Booing  Point  99*.    CoicpoamoN  of  the  Miztiike: 

35^%  CCL  +  64.60%  CrfliCH,  +  0%  CJEI^Br,. 

DistUlAtc  Weight  of  Refractive 

No.  dWtaiate.  Spec.  vol.  anfle.  %  CCk.       %  CcHiCHs.     %  CtHtBik. 

I X7'I97  0.8610  41.600  56.0  44.0  O 

2 16.973  0.8852  41.367  51.5  48.5  O 

3 16.153  0.9381  40.967  43.5  56.5  o 

4 16.039  0.9796  40.533  33.8  66.3  o 

5 X4*i52  1. 0410  40.067  22.3  77.7  o 

Henoe,  oomposttion  of  first  infinitfritnal  amount  oi  distillate:  57.7%  CCI4  +  43*3% 
CACH,  +  0%  CJl4Br,. 

Tablb  XVI. — SscoND  Mixture  of  Boiling  Point  99*.    CoiiPosmoN  09  the  Mix* 
tube:    34.64%  CCI4  +  51.96%  CH^CH,  +  13.40%  CtH«Brs. 

IHstillate  Weight  of  Ref  nctiTe 

Now  dIrtStete.  SiMc.  toL  angle.  %  CCL.      %  CcHiCHi.     %  CtH«Bn. 

1 18.596  0.8125  41. 617  57.2  36.5  6.3 

2 18.019  0.8333  41.300  51.8  40.8  7.4 

3 17.841  0.8636  40.850  44.1  47.0  8.9 

4.......  17.161  0.8994  40.335  340  54.8  ".2 

5 16.080  0.9385  39.750  22.1  63.1  14.8 

Hence,  oomposttion  of  first  infinitesinisl  amount  of  distillate:  59.1  %  CCI4  +  35.0% 
CACHi  +  3.9%  CHiBri. 

Tmssm  XVII. — ^Third  Mixturs  of  Boiling  Point  99  ^    CoMFOBmoN  of  tbe  Mn- 
TOR»:    33.50%  ecu  +  33.50%  CiHiCHi  +  3300%  CiH^Brt. 


Weight  of  Refraetire 

No.  di^SEate.  Spec.  voL  angle.  %  CCk.       %  CtHiCHi.     %  CtHiBn. 

1 19.716  0.7313  4x683  59.9  34.3  15.8 

2 20.311  0.7443  41.275  54.4  27.5  18. X 

3 18.853  0.7606  40.675  46.x  3X.9  22.0 

4 18.79X  0.7778  39.950  35.3  36.9  27.8 

5 18.188  0.7907  39.033  22.0  42.0  36.0 

Henoe,  oomposttion  of  first  infinitesimal  amount  of  distillate:  62.5%  CCI4  +  93-2% 
CACH,  +  14.3%  Cai4Br,. 

Tabls  XVIII. — ^Fourth  Mixture  of  Boiuno  Point  99  ^    CoxposmoN  of  the 
Mixture:    32.16%  CCL  +  21.44%  CJItCHt  +  4640%  CtH4Brt. 


Weight  of  RefraetiTe 

No.               diiSOate.          Spec  ▼ol.  angU.  %  CCL.  %  CcHiCHi.  %  CtlLBn. 

1 21.482           0.6776  4X.675  6X.5  16.2              23.3 

2 22.122           0.6832  41.200  55.9  18.4             25.7 

3 21.453           0.6892  40.367  46.x  21.6            32.3 

4 21.343           0.6932  39.333  340  25.0             4x0 

5 21.138          0.6860  37.875  X7.9  27.8             54.3 

Henoe,  composition  of  first  infinitesimal  amount  of  distillate:  64.1%  CCU  +  I5X% 
CiHiCH.  +  20.8%  CflH4Brt. 
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Table  XIX. — Fifth  Mixture  op  Boiuno  Point  99^.    Composition  op  tb9  Mix- 
TurB:    31.15%  ecu  +  13.35%  CiHiCH,  -f  55-50%  CiH4Br,. 

DUtilUte  Weichtof  RefractiTe 

No.  dladlUte.  Spec.  toI.  angle.  %  CCU.        %  C«II»CHi.     %  CiB«Bn. 

1 23.196  0.6398  41.692  63.0  10.5  26.5 

2 23.519  0.6399  41.083  56.7  12.0  31.3 

3 23.195  0.6388  40.142  47.0  14.0  39>0 

4 23.467  0.6303  38-600  31.8  16.6  51.6 

5 24,275  0.6108  36.683  14.8  17-9  67*3 

HenGe,  composition  of  first  infinitesimal  amount  ci  distillate:  65.0%  CCU  +  10.0% 
CHiCH,  +  25.0%  COIiBr,. 

Table  XX. — Soon  Mixture  op  Boiling  Point  99  ^    Composition  op  the  Mix- 
ture:   29.67%  CCI4  +  5-23%  COIiCH,  +  65.10%  CsH«Bi^. 

DIstUlate  Wei«ht  of  RcfruUTe 

No.  dUdUftte.         Spec.  Tol.  angle.  %  CCU.        %  C«H«CHi.     %  CtBiBrt. 

1 35.059  0.5987  41.650  64.3  4.3  31.4 

2 26.007  0.5920  40.875  57.2  5.0  37.8 

3 26.686  0.5792  39.517  45.6  6.0  48.4 

4 26.811  0.5559  37.200  27.1  7.3  65.6 

5 26.210  0.5265  34.617  10.2  7.1  82.7 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  66.7%  CCU  +  4.0% 
CHiCH,  +  29.3%  C,H4Br,. 

Table  XXI.--Seventh  Mixture  op  Boiling  Point  99"*.    Compositbon  of  toe 
Mixture:    28.55%  CCU  +  0%  CACHa  +  7145%  CiH^Br*. 

DistiUate  Weight  of  RclractiTe 

No.  distilnate.         Spec  TOl.  angle.  %  Ca4.       %  CcHiCHi.     %  (UHiBn. 

I... 26.418  0.5709  41.650  65.3  O  34.7 

2 26.960  0.5571  40.650  57.8  O  42.8 

3 28.091  0.5350  38900  44.1  O  55.9 

4 28.907  0.5006  35.817  23.9  O  76.x 

5 31.107  0.4707  32.667  6.7  o  93.3 

Henoe,  composition  of  first  infinitwmnal  amount  of  distillate:  67.6%  CCU  +  0% 
CJIiCH,  +  32.4%  Cai4Br,. 

Table  XXII. — ^Pirst  Mixture  op  Boiling  Point  107''.    Compostrdn  op  the 
Mixture:    9.90%  CCU  +  90.10%  QHiCHt  +  0%  CfH4Bi^. 

DistiUate  Weight  of  Refraetive 

No.  di^Slate.         Spec.  toL  angle.  %CCI«.         %CtHtCHi.     %C%MiBn. 

1 14.330  1.0549         39.967  19.6  80.4  O 

2 13.999      1.0760      39.850       15.7        84.3         O 

3 14.«95  1. 0941  39.733  W.3  87.7  o 

4 14-029  1.1144  39.600  8.5  91.5  o 

5 14.762  X.1368  39.483  4.2  95.8  o 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  21.5%  CCU  +  78-5% 
CACHs  +  0%  CABrt. 
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Tabui  XXni.— Sscond  Mdcturs  of  BoaiNo  Point  toy**.    Composition  00  tbb 
MixTUKB:     14.33%  CCI4  +  57-28%  C«HiCH»  +  2840%  CtH^Bri. 

DiatilUte  Weight  of  Refractive 

No.  dietfiUte.  Spec.  yol.  angle.  %CCl4.         %CcH»CH».     %C«H4Bn. 

1 16.873  0.8830  40.017  30.0  53.2  16.8 

2 17.085  0.8964  39-742  24.7  56.5  18.8 

3 16.437  0.9099  39.400  18.2  59.9  21.9 

4 X6.921  0.9175  39.050  12.0  62.5  25.5 

5 15.999  0.9126  38.633  5.5  63.4  31.1 

Hence,  composation  of  fitst  infitiitpwinal  amount  of  distillate:  32.1%  CCI4  -f  '5i-5% 
COItCHs  +  164%  CtHtBrt. 


Tamlb  XXIV.— Tbqu)  Mdctusb  o9  Boiuno  Point  107**.    CoMFoaiTioy  of  run 

MxxTuu:     16.33%  CCI4  +  38-08%  CJItCHt  +  45-6o%  CiH«Brfl. 

Distillate  Weichtof  ReCrmctWe 

No.  dlMltete.         Spec.  toL  uifle.  %  CCU.       %  C«H»CHt.     %  CtH4Brt. 

X 19-324    0.7752    40.017     36.4      36.2     27.4 

2 19.358  0.7841  39-383  30.5  39.0  30.5 

3 19*413  0.7904  39.017  22.0  41. 9  3^- 1 

4 19.227  0.7874  38.350  I3.0  43.5  .     43.5 

5 19.264  0.7698  37-683  5.8  42.8  51-4 

Henoe,  compoeritioa  oi  first  infinitfyimal  amount  of  distillate:  38.6%  CCI4  +  v34.8% 
COItCH,  +  26.6%  CsH«Brt. 


TAMUi  XXV.— Fourth  Mixturb  of  Boiung  Point  107*.    CoMPoemoN  of  run 
Mdctusb:    17.12%  CCU  +  25.68%  COItCHs  +  5720%  CiH«Bri. 

Distillate  Weight  of  Refractive 

N6.  diSilate.         Spec.  toL  angle.  %  CCI4.       %  COIiCHi.     %  CtH«Bn. 

1 21.184  0.7042  39.967  40.6  35.0  34.4 

a 20.802  0.7079  39.358  33.1  27.3  39.6 

3 21.126  0.7067  38.592  24.0  29.3  46.7 

4 21.185  0.6994  37.700  15.1  30.5  54-4 

5 21.820  0.6780  36.75Q  5-9  29.7  64.4 

Henoe»  composition  of  first  infinitrsimai  amount  of  distillate:  43.9%  CCI4  4*  23.7% 
C|H,CH.  +  324%  CiH4Br,.  ) 


Tablb  XXVI.— Fifth  Mdcturb  of  Boiuno  Point  107  ^    Cokpositidn  of  vbm 
Mdcturb:    17418%  CCU  +  ix.72%  CtHftCHi  +  70.75%  CiH4Brfl. 

DiMinate  Wdght  of  Refractive 

No.  dialdSate.         Spec.  voL  angle.  %  CCh.       %  CcHsCHa.     %  CtH4Bn. 

1 24.002  O.62IX  39.850  45.2  12.2  42.6 

2 24.133  0.6153  38.858  35-9  13.^5  50.6 

3 24.510  0.6039  37.600  24.7  14.6  60,7 

4 24.710  0.5860  36.1x7  12.9  14. 9  72^2 

5 25.360  0.5607  34-733  4*6  13.3  82»i 

Henoe,  oomposition  of  first  infinitrsJinal  amount  of  distillate:  49*3%  CCU  +  11.6% 
CiH,CH.  +  39.1%  C,H4Br,. 


Mdcturb:     17.84%  ecu  +  446%  CeHiCH.  +  7770%  C^H^tt, 

Distillate  Weight  of  Refractive 

No.  distiUate.  Spec.  vol.  angle.  %  CCU.        %  C<H»CHi.     %  CtHiBn. 

1 26.187  0.5756  39817  48.5  4.8  46.7 

2.. 25.844  0.5622  38.5€X>  38.0  5.4  56.6 

3 27.001  0.5433  36708  24.7  6.0  69.3 

4 28.328  0.5201  34.650  II. 5  5.9  82.6 

5 29.894  0.4986  33067  3.3  4.8  91.9 

Henoe,  compontioti  of  first  infinitesimal  amount  of  distillate:  53.1%  CCI4  +  4.6% 
CtH»CH,  +  42.3%  CiH4Br,. 

Tabl9  XXVIII.— ^vbnth  Mixtdrs  op  Bcfuumo  Point  107**.    Composition  or  the 

Mixturb:     18.00%  ecu  +  0%  CfHtCH,  +  82.00%  CjH4Brt. 

Distillate  Weight  of  Refractive 

No.  di^dUatc.  Spec.  vol.  angle.  %  CCU.        %  C«H«CH«.     %  CtHiBn. 

1 28.039    0.5459    39.750     50.5      o      49.5 

2 26.919     0.5256      38.083       38:7         O        61.3 

3 28.723    0.5007    35.817     24.0       o       76.0 

4........  29.234    0.4769    33.375     10. 1      o      89.9 

5 31.172     0.4637     3^-850      2.4       o       97.6 

Hem3e»  composition  of  first  infinitesimal  amount  of  distillate:  55.5%  CCU  +  0% 
CHtCH,  +  44.5%  COIiBr,. 

Tabus  XXDC—PotsT  Mixturb  op  Boiling  Point  115  ^    Composition  op  trb 
Mixture:    0%  CCU  +  50.40%  CfH»CHt  +  49  60%  CiHiBri. 

Distillate  Weijiht  of  Refractive 

No,  dtadhate.  Spec.  irol.  angle.  %  CCU.       %  CcHiCHa.     %  CtHiBn. 

i 17.144    0.8920    38.175     O       61.9     38.1 

2 18.419      0.8763      38.083        O  59.6       40.4 

3 17.651  0.8587  37.950  o  57.1  42.9 

4 23.047  0.8307  37.750  o  53  I  46.9 

5 18.346  0.7881        .  37.392  o  47.0  53.0 

Ktaott  composition  <d  first  infinitesimal  amount  of  distillate:  0%  CCU  +  62.9% 
CJIiCH,  +  37.1%  Cai4Br,. 

Tabu  XXX.— -Svcond  Mixturb  op  Bousing  Point  115^.    OompobMon  op  Tm 
Mixturb:    381%  CCU  +  3429%  CiiHiCHi  +  61.90%  CfH«Brfl. 

Distillate  Weight  of  Refractive 

•  N*.  diflUllate.         Spec.  vol.  angle.  %  CCb.       %  CtHiCHi.     %  CtHiBn. 

1 18.090  0.7744  38.083  10.6  42.3  47.1 

2 19.274  0.7667  37.792  7.6  41.9  50.5 

3 18.998  0.7540  37.467  5.0  40.6  54.4 

4 21.530  0.7340  37.100  3.0  38.3  58.7 

5 21.960  0.7016  36.600  I.O  34.2  64.8 

Henoe,  oomposition  of  first  infinitesimal  amount  of  distiUate:  ia.3%  CCU  -f  42.1% 
CJIiCH,  +  45.6%  CiHiBr,. 
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TABut  XXXI.— Tbird  Mixturs  of  Boiumo  Point  XI5^    Composition  of  ran 
Mdctum:    6.00%  ecu  +  34.00%  CACHt  +  70.00%  CtHiBrt. 

IMstUUte  Wcifht  of  R«fractiTe 

No.  dlrtfltete.         3p«c.to1.  angU.  %  CCk       %  C«HiCH«.     %  CtB«Brft. 

1 21. 171  0.6995  37*983  17.5  29.9  52.6 

a 21.543  0.6921  37.450  XX. I  31.5  57.4 

3 21.509  0.6792  36.908  7.6  29.4  63.0 

4 21.668  0.6599  36.333  3-9  27.6  68.5 

5 23.061  0.63x5  35  683  X.4  24.x  74.5 

Hence,  composttioii  of  first  infiniteamal  amoimt  of  distillate:  21.2%  CCU  +  28.5% 
CJH,CH,  +  50.3%  CHtBr,. 

Tabui  XXXII. — ^Fourth  Mdcturs  of  Boiung  Point  1x5^    Composition  op  trs 
Mdctum:    7.44%  CCU  +  17.36%  C|H»CH,  +  7520%  dHiBr,. 

I>ittilUte  Weif  ht  of  Rcf ractiTC 

No.  di^tflUte.  Spec.  vol.  angle.  %  CC4.        %  C«HtCHi.     %  CtBiBn. 

1 20.857  0.6530  37.983  22.8  22.0  55.2 

2 21.763  0.6437  37.233  I5-8  22.4  6x.8 

3 22.558  0.63x6  36.517  xo.x  22.0  67.9 

4 22.841  0.6x34  35.758  5.0  20.7  74.3 

5 23.669  0.5887  35.0x7  2.0  17. 9  80.1 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  25.7%  CCI4  +  2x.8% 
CfH»CH,  +  52.5%  C,H4Br,. 

Tabls  XXXIII.— Pxptr  Mixture  op  Boiung  Point  xI5^    Composition  of  the 
Mdcturb:    8.88%  CCI4  +  8.87%  C«H»CH*  +  82.25%  C»H4Bri. 

DittilUU  Weight  of  Refractive 

No.  diatiUate.         Spec.  toL  angle.  %  CCli.       %  CcHiCHs.     %  CiH«Bn. 

X 24.4x2  0.5880  37.750  28.x  XI. 5  60.4 

2 25.7x7  0.5756  36.600  19. 1  XX. 9  69.0 

3 25.136  O.56OX  35.425  II. O  II. 6  77.4 

4 26.253  0.5422  34.367  4.9  10.6  84.5 

5 27.4x7  0.52x9  33.467  1.4  8.5  90.1 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  32.7%  CCI4  +  11.2% 
COIiCH,  +  56.1%  COIiBr,. 

Tablb  XXXrV.— Sixth  Mixture  op  Boiung  Point  xi5*.    Composition  of  the 

Mdcturb:    966%  CCU  +  4.14%  CsHtCH.  +  86.20%  CiH4Brs. 

DiatiUate  Wajghtof  RcfractiTe  _ 

No.  dMhte.  Spec  toI.  angle.  %  CCI4.         %  CtH«CHs.     %  CiH4Bn. 

X...;...  26.402   0.55x7   37.567    30.9     5.6    63.5 

2.V 27.329  O.535X  36.067,  20.5  5.8  73.7 

3 28.942  0.5x71  34.525  11-4  5.4  83.2 

4 28.855  0.5006  33.250  4-5  4-7  90.8 

5 30.973  0.4870  32.450  0.8  3.7  95-5 

Hence,  composition  of  first  infinitesimal  amount  of  distillate:  36.5%  CCU  +  5.5% 
CACHi  +  58x>%  CABri. 
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TaBLB  XXXV. — SSVBNTH  MiXTDRB  OF  BOZLINO  PoiNT  IX5^     COMPOSmoir  OF  tBH 
Mdcturk:     10.00%  ecu  +  0%  CsHftCHa  +  90.00%  CsHiBn. 

DUUUate  Weight  of  Rcfnwtive 

No.  dJstifiate.  Spec.  vol.  angle.  %  CCI4.       %  CdOiCHa.     %  CsH«Bfi. 

1 28.588  0.5160  37-333  32.7  o  67.3 

2 29.331  0.4956  35-333  21. 1  o  78.9 

3 39*414  0.4780  33*508  ZI.5  o  88.5 

4 31*646  0.4665  32.200  4.6  o  95.4 

5 31*456  O.4611  31-583  1*3  o  98.7 

Henoe,  compontion  of  first  infiniteMnial  amount  of  distillate:  40x>%  CCI4  4-  0% 
CaiiCH,  -f  60.0%  CiH4Br,. 


TaBLB  XXXVI.-<SUMlfARY. 
Compodtion  of  liquid. 


Competition  of  vrnpor. 


Temp. 

Mixture. 

%CCl4. 

%  CiH.. 

%  CtHiBn. 

%ccu. 

%CtH.. 

%GtH«Brft. 

83* 

I 

83.00 

17.00 

0 

92.7 

7.3 

0 

83* 

2 

81.26 

14.34 

4-40 

91.8 

6.3 

1.9 

83* 

3 

77.76 

8.64 

13.60 

91.8 

3.75 

4.45 

83' 

4 

76.04 

6.16 

17.800 

91.4 

2.6 

6.0 

83* 

5 

74.67 

3.93 

21.40 

91.4 

1.8 

6.8 

83' 

6 

73-42 

1.88 

24.70 

90.8 

0.8 

8.4 

83^ 

7 

72.30 

0 

27.70 

90.7 

0 

9-3 

91' 

I 

59.40 

40.60 

0 

78.6 

21.4 

0 

91  • 

2 

59.16 

39.44 

1.4 

78.7 

20.8 

0.5 

91* 

3 

54.67 

23.43 

21.90 

79.1 

12.8 

8.1 

91* 

4 

50.88 

12.72 

36.40 

79.0 

7.2 

13.8 

91- 

5 

49.22 

8.68 

42.10 

79.0 

5.1 

15.9 

91' 

6 

47.88 

5.32 

46.80 

79.4 

3.0 

17.6 

91* 

7 

45.80 

0 

54.2 

79.7 

0 

20.3 

99* 

I 

35.40 

64.60 

0 

57.7 

42.3 

0 

99- 

2 

34.64 

51.96 

13.40 

59.1 

35.0 

5.9 

99- 

3 

33-50 

33.50 

33.00 

62.5 

23.2 

14.3 

99* 

4 

32.16 

21.44 

46.40 

64.1 

15.1 

20.8 

99' 

5 

31.15 

13.35 

55.50 

65.0 

10. 0 

25.0 

99- 

6 

29.67 

5.23 

65.10 

66.7 

4.0 

29-3 

99^ 

7 

28.55 

0 

71.4s 

67.6 

0 

32.4 

107  • 

I 

9.90 

90.  zo 

0 

21.5 

78.5 

0 

107  *» 

2 

14*32 

57.28 

28.40 

32.1 

51-5 

16.4 

107  ** 

3 

16.32 

38.08 

45.60 

38.6 

34.8 

26.6     . 

107  • 

4 

17.12 

25.68 

57.20 

43.9 

23.7 

32.4 

107  • 

5 

17.58 

Z1.72 

70.75 

49.3 

11.6 

39.1 

I07- 

6 

17.84 

4.46 

77.70 

53.1 

4.6 

42.3 

I07* 

7 

18.00 

0 

82.0 

55.5 

0 

44-5 

II5- 

I 

0 

50.40 

49.60 

0 

62.9 

37.1 

I15- 

2 

3.81 

J4.29 

61.90 

12.3 

42.1 

45.6 

I15'* 

3 

6.00 

24.00 

70.00 

21.2 

28.5 

50.3 

"5' 

4 

7.44 

17.36 

75*20 

25.7 

21.8 

52.5 

1I5* 

5 

8.88 

8.87 

82.25 

32.7 

II. 2 

56.1 

II5* 

6 

9.66 

4.14 

86.20 

36.5 

5*5 

58.0 

II5* 

7 

10.00 

0 

90.00 

40.A 

0 

tiO.Q 
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SUBSTITUTION  IN  THE  BENZENE  NUCLEUS. 

Bt  a.  F.  Holuixan. 
ReceiTed  September  23.  1914. 

A  few  years  ago,  I  showed^  that  none  of  the  hypotheses  proposed  to 
explain  the  phenomena  of  substitution  in  benzene  nucleus  are  able 
to  give  a  satisfactory  explanation  of  the  facts.  Since  then,  H.  S.  Fry, 
in  a  series  of  papers,*  pubUshed  a  new  hypothesis  and  was  able  to  ex- 
plain some  of  the  phenomena  observed  by  means  of  it,  e,  g.,  the  fact  that, 
in  the  rearrangement  of  phenyl  acetyl  nitrogen  chloride  CsHsNCl.COCHs 
and  similar  compounds,  the  halogen  enters  only  in  positions  ortho  or 
para  to  the  nitrogen  atom. 

However,  on  studying  this  hypothesis  more  closely  it  seems  to  me  that 
there  are  so  many  objections  against  it,  that  it  cannot  be  accepted.  I 
venture  to  present  the  most  important  ones  in  the  following  lines: 

X.  Pry  admits  that  benzene  has  the  structure  of 
Fig.  I,  based  on  Thomson's  electronic  theory  of 
linking  of  the  atoms.  As  he  observes,  this  formula 
indicates  the  possibility  of  two  isomeric  compounds 
CtHiX,  whereas  no  such  isomers  have  been  found 
thus  far.  In  order  to  explain  this,  he  asstunes  either 
that  one  of  the  two  isomers  C'electromers")i  ^-  g'$  of 
chlorobenzene  is  unstable  under  ordinary  physical 
conditions,  or  that  monochlorobenzene  is  an  equilib- 
rimn  mixture  of  two  tautomeric  electromers.  It  seems 
to  me  that  serious  objections  may  be  made  against 
both  of  these  auxiliary  hypotheses.  With  regard  to  the  first  one;  ad- 
mitting CeHfiCI  to  be  stable,  CeH^Cl  would  be  unstable.  But  in  ^-CeH^Cli 
and  ^C6H4Clt,  where  one  Cl-atom  is  negative  and  the  other  positive, 
we  have  perfectiy  stable  compounds.  On  the  other  hand,  if  mono- 
chlorobenzene is  a  mixture  of  CeHeCl  and  CeHsCl,  the  nitration  of  such  a 
mixture  ought  to  give  a  mixture  of  0-  and  ^chloronitrobenzene  (derived 

from  CeHftCl)  and  of  m-chloronitrobenzene  (derived  from  QHtCl),  since — 
•according  to  Fry — ^"substituents  of  the  same  sign  occupy  positions  which 

*  "Die  direkte  Hinfflhrung  von  Substituenten  in  den  Benzolkem,"  p.  203. 

*  Tms  JotTRNAL,  d4»  664  (1912);  36,  24S,  262  (1914);  see  also  Z,  physik,  Chem., 
7^1  385  (1910). 
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are  meta  to  each  other,  and  substituents  of  oppodte  sign  will  occupy 
positions  either  ortho  or  para  to  each  other."  Now,  I  have  been  able  to 
prove  that  in  the  nitration  of  chlorobenzene  no  trace  of  m-compound  is 
formed,  since  the  eutectic  point  of  an  artificial  mixture  of  ^  and  o-chloro- 
nitrobenzene  coincides  with  the  eutectic  point  of  the  nitration  product  of 
chlorobenzene. 

a.  It  can  be  proven  in  still  another  way  that  Fry's  rule,  just  mentioned, 
with  regard  to  the  position  taken  by  a  new  substituent,  cannot  be  correct. 
Pry  maintains  that  the  iodine  is  positive  in  iodobenzene,  since  it  is  formed 

from  sodium  benzoate  and  iodine  chloride,  the  latter  having  the  formula 
—    + 

CI — ^I.  But  iodobenzene  also  yields  p-  and  <7-compounds  on  nitration, 
just  as  the  other  halogen-benzenes,  though  in  these  the  halogen  is  ad- 
mitted to  have  a  negative  charge.    For  the  rest,  it  is  somewhat  striking, 

that  Fry  admits  on  p.  252,  /.  c,  that  chlorobenzene  has  the  formula  CeHiCl, 
whereas  he  declares  on  p.  264,  that  ''it  has  been  impossible  so  far  to  prove 
directly,  whether  the  dilorine  atom  in  monochlorobenzene  is  positive  or 
negative." 

3,  According  to  Fry,  "the  radical  SOsH  in  phenylsulfonic  add  may 
function  either  positively  or  negatively."  He  deduces  this  from  the 
fact  that  this  add  3ddds  benzene  on  heating  with  w^ter,  but  phenol  on 
melting  with  alkali.  But,  since  in  0-  and  />-phenylene  disulfonic  add  one 
SOsH  should  be  positive  when  the  other  is  negative,  these  adds  should 
3ddd  phenol  exdusivdy  on  melting  with  alkali.  In  reality  they  yiAA 
pyrocatechol  and  hydroquinol. 

4.  The  formula  of  p-chlorotoluene  and  ^Mrhlorobrbmobenzene  must 
be   as   is   indicated   in  Fig.   2,   according  to  the  hypothesis  of    Pry. 

cr  cc  cr  cc 

CHs  //*  3v*  H* 

If  his  rule  were  correct,  we  should  expect  that  in  the  nitration  of 
the  two  ^-compounds  the  group  nitro"^   (because  nitric  add   must  be 

HO.NOfl)  should  only  take  position  3,  because  the  H-atom  placed  there, 
must  be  positive.  However,  by  researches  executed  in  my  laboratory 
by  Wibaut^  and  by  Heineken,*  it  is  proved,  that  in  both  cases  considerable 

^  JRecueil,  3a,  344  (19x3). 

'  Not  yet  published. 
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quantities  of  both  of  the  isomers  2  and  3  are  obtained.  In  the  case  of 
o-chlorotbluene  and  (7-dilorobromobenzene,  Wibaut^  proved  for  the  first 
substance,  that  the  nitration  yields  all  the  four  possible  mononitro  com- 
pounds in  considerable  quantity,  and  for  the  second  substance,  I  have 
proved  that  the  nitration  product  contains  almost  equal  quantities  of  the 
nitro  products  4  and  5,*  though  Fry's  rule  predicts  the  formation  of  only 
the  isomers  4  and  6.  It  is  evident,  that  these  objections  would  undergo 
no  change,  if  all  the  signs  admitted  here  for  the  substituents  were  the 
reverse. 

5.  Fry's  explanation  of  the  fact  that  the  chlorination  of  nitrobenzene 

)delds  m-nitrochlorobenzene,  can  neither  be  accepted.    He  supposes  that 

—  + 
HO.Cl  is  the  chlorinating  agent  "since  absolutely  anhydrous  chlorine 
does  not  react  with  anhydrous  reagents."  However,  this  introduction 
of  chlorine  is  only  possible,  when  a  large  quantity  of  SbCU  is  added  (Vt 
of  the  weight  of  the  nitrobenzene).  All  traces  of  water  must  be  taken 
away  by  it.  The  only  plausible  explanation  is,  that  SbCU  is  formed, 
which  transports  the  chlorine  to  the  nitrobenzene.    As  there  can  be  little 

doubt  that  SbCU  is  SbCU  (always  according  to  the  views  of  Fry),  chlorine 
ought  to  replace  an  o-  or  p-H-atom  in  CcHsNOi,  when  NOt  in  it  is  positive. 

6.  The  substitution  of  chlorine  in  o-  and  p-chloronitrobenzene  by  OH 
is  explained  very  well  by  Fry's  hypothesis,  admitting  for  the  formulas 

of  these  con4>ounds  Cl.C6H4.NOj(;p-o) ;  for  the  negative  OH  is  now  able 

to  change  places  with  the  negative  CI.    The  fact  that  chlorine  in  m-chloro- 

nitrobenzene  cannot  be  replaced  is  also  explained  in  this  way,  since  it  has 

+  + 

the    formula    Cl.C6H4.N02(m).    Admitting    this    explanation,    one    CI 

should  also  be  replaceable  by  OCHi  in  o-  and  p-dichlorobenzene, 
—  +  —  —  +  + 

Cl.CeH4.Cl,  but  not  m  m-dicblorobenzene,  CI.C6H4.CI  (or  a.C«H4.Cl). 
However,  de  Mooy^  has  proved  in  my  laboratory,  that  the  latter  also 
reacts  with  sodium  methylate,  and  that  the  velocity  of  this  reaction  is 
even  greater  than  fcM-  the  p-  and  ^-isomers,  one  Cl-atom  being  replaced 
in  all  three  compounds. 

I  wish,  finally,  to  call  attention  to  two  further  points.  In  the  first 
place,  it  would  probably  be  very  difficult  to  designate  what  charge  a 
given  substituent  has.  In  most  cases  it  might  as  well  be  positive  as 
negative.  This  naturally  causes  a  great  uncertainty  in  the  explanation 
of  the  reactions.     In  the  second  place,  I  might  direct  the  attention  on  the 

consequences  of  the  hypothesis  in  the  case  of  open  carbon  chains.     For 

+     —+—+     — 
these,  it  leads  to  the  formula  C — C — C — C ,  for  the  linking  of  the 

12        3         4 

» hoc,  cit. 

'  Not  yet  published. 
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C-atoms  comes  about  by  C-atom  i  giving  off  an  electron  to  C-atom  2, 
this  sending  off  an  electron  in  its  turn  to  C-atom  2,  and  so  on.  This 
must  cause  the  C-atoms  at  both  ends  of  an  open  chain  to  have  opposite 
signs.  This  would  involve  the  consequence  that  the  Br-atoms,  e.  g.,  in  a 
polymethylene  dibromide,  ought  to  show  a  different  behavior,  which  is 
also  in  contradiction  with  the  experimental  facts. 

CaSMXCAL  I«ABORATORV,  UXfXVBRSITV  09  AMBTBKDAK. 
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THE  ADDITION  COMPOUNDS  OF  ORGANIC  SUBSTANCES 
WITH  SULFURIC  ACID. 

By  jAimS  SJINDALL  AND  Cl^XTFOKD  D.  CaRPSNTSK.! 

Received  October  26,  1914. 

The  treatment  of  aromatic  organic  substances  with  sulfuric  add,  re- 
sulting in  the  formation  of  condensation  products  (sulfonic  adds),  is  a 
well-known  and  widely-applied  reaction.  In  a  recent  communication' 
the  opinion  was  exprcissed  that,  in  such  condensations,  the  formation  of 
addition  compounds  between  the  reacting  substances  may  represent  an 
intermediate  stage  of  the  process.  The  same  view  has  been  repeatedly 
advanced  in  the  past,  notably  by  Kekul^,'  van't  Hoff,*  Michad,*  and 
Guye.'  Very  Uttle  systematic  evidence,  however,  has  been  brought  fcM-- 
ward  in  its  support,  save  in  the  work  of  Menschutkin,^  on  the  addition 
compounds  of  organic  substances  with  inorganic  salts,  illustrating  an 
intermediate  phase  of  Friedel  and  Craft's  reaction.  The  recent  papers 
of  Baume"  and  his  pupils,  on  systems  containing  substances  of  very  low 
freezing  point,  are  also  of  importance. 

Sulfonation  is  a  vigorous  reaction,  induced  by  the  application  of  heat. 
Of  the  mechanism  of  the  process  we  know  practically  nothing,  except 
that  it  is  complex  and  probably  consists  of  several  distinct  stages.  Snoe, 
at  the  high  temperatiu^s  employed,  the  reaction  is  rushed  through  aQ 
of  th^se  without  a  stop,  no  information  has  been  obtained  regarding 
possible   intermediate   products.    Hoogewerff  and  van  Dorp*  have  iso- 

'  The  work  presented  in  this  paper  forms  the  basis  of  a  dissertation  submitted  by 
Clifford  D.  Carpenter  to  the  University  of  Chicago  in  part  fulfilment  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy. 

*  Kendall.  This  Journal,  36, 1733  (1914). 

*  Kekul^,  Ann.,  xo6,  129  (1858). 

*  Van't  Hoff,  Ansichten  uber  organische  Chemie,  I,  225,  244. 

*  Michael,  This  Journal,  3a,  100 1  (1910). 

*  Guyc,  /.  chim,  phys,,  8,  119  (1910). 

'  Menschutkin,  /.  chim.  phys.,  9,  538  (19x1). 

*  Baume,  /.  chim.  phys.,  12,  212  (1914). 

•Hoogewerff  and  van  Dorp,  Rec.  trav.  chim.  Pays-Bos,  18,  211  (1899);  ax,  353 
(1902). 
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latttd  some  addition  cc^npotmds  of  organic  substances  with  sulfuric  and 
phosphoric  acids,  but  a  complete  examination  has  been  made  of  no  single 
system. 

In  the  present  investigation,  the  freezing  point  method  previously  de< 
scribed^  is  appUed  to  the  general  study  of  sulfonation.  The  components 
are  mixed  at  as  low  a  temperature  as  possible  and  the  mixture  frozen  in- 
stead of  heated;  in  this  way  addition  compounds,  if  formed,  are  at  once 
isolated.  The  freezing  point  (temperatiu-e  of  incipient  solidification) 
of  a  mixture  of  known  composition  gives  us  a  point  on  the  temperature- 
composition  curve  of  the  system,  and  from  a  series  of  mixtiu-es  of  varying 
composition  the  complete  diagram  is  obtained.  In  this  diagram  a  break 
in  the  curve  corresponds  to  a  change  in  the  solid  phase  crystallizing  from 
the  solution;  a  maximum  point  on  the  cturve  indicates  a  compound.  At 
such  a  maximum  point  the  mixttu-e  completely  solidifies  at  constant  tem- 
perattu'e.  The  position  of  the  maximum  on  the  axis  of  molecular  composi- 
tion gives  the  formula  of  the  compound;  the  sharpness  of  the  curve  around 
the  maximum  shows  the  relative  extent  of  dissociation  of  the  compound 
into  its  components.  Fuller  details  of  the  experimental  method  followed 
and  of  the  interpretation  of  the  diagrams  obtained  will  be  found  on  refer- 
ence to  the  previous  papers  cited  above. 

The  first  class  of  substances  examined  consisted  of  the  normal  aromatic 
acids  (benzoic  add  and  its  homologs).  It  has  already  been  shown* 
that  these  substances  give  addition  compounds  with  stronger  organic 
acids.  In  such  systems  the  acidic  properties  of  the  weaker  add  are  sup- 
pressed and  basic  (unsaturated)  properties  are  induced  in  the  character- 
istic carbonyl  group,  the  reaction  taking  place  as  follows: 

R--C=0±    -f    Hx:j±R— c=o< 

I  I        ^H 

OH  OH 

The  compounds  formed  are  consequently  to  be  regarded  as  true  oxonium 
salts.  It  will  be  obvious  that  the  same  reaction  should  apply  if  the 
stronger  add  of  the  system  is  inorganic,  e,  g,,  sulfuric  add.  The  primary 
dissodation  of  this  add  is  monobasic,  hence  the  compounds  obtained 
should  be  of  the  general  type  indicated  above,  R.C00H,HtS04.  How- 
ever, the  secondary  dissodation  of  sulfuric  add  also  involves  the  possi- 
bility of  addition  compounds  of  the  type  2R.COOH,H2S04. 

The  experimental  results  obtained  showed  that  the  reaction  proceeds 
exactly  as  expected,  addition  compounds  of  both  types  being  isolated. 
The  investigation  was  therefore  extended  to  indude  other  dasses  of  or- 
ganic substances  containing  the  characteristic  yC  =  Oi  group,  namely 


^Kendall,  This  Journal,  36,  1222  (1914)- 
</Mi.,l36,  1722  (1914). 
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aliphatic  adds,  •  aldehydes,  ketones  and  anhydrides, 
addition  products  with  sulfuric  add.    The  action 
phenols  was  also  examined,  with  significant  results, 
of  substances  studied  is  given  below: 


All  of  these  gave 

of  sulfuric  add  on 

The  complete  list 


Aromatic  acids. 

AliphaUc  acids. 

PlKflols. 

I.  Benzoic 

10.  Chloroacetic 

15.  Phenol 

2.  o-Toluic 

II.  Trichloroacetic 

16.  o-Cresol 

3.  m-Toluic 

12.  Crotonic 

17.  p-Creaoi 

4.  />-Toliuc 

13.  a-Chlorocrotonic 

18.  p'Xyltnol 

5.  a-Toluic 

14.  Glutaric 

19.  ^Xylenol 

6.  Salicylic 

20.  Thymol 

7.  o-Nitrobenzoic 

• 

21.  o-Nitrophenol 

22.  m-Nitiophenol 

9.  Manddic 

23.  ^Nitrophenol 

Aldehydes. 

Ketones. 

Anhydrides. 

34.  ^Oxybenzaldehydc 

28.  Acetophenone 

32.  Benzoic 

25.  ^Nitrobenzaldehyde 

29.  Benzophenone 

33.  Succinic 

26.  Vanillin 

30.  Benzil 

34.  Phthalic 

27.  Piperonal 

31.  Dimethylpyxxme 

35*  Ooumaxin 

Experimental. 

Pure  sulfuric  acid  (100%  HtSOO  was  obtained  by  mixture  of  samples 
of  higher  and  lower  concentration,  respectively.  The  add  of  lower 
concentration  employed  was  J.  T.  Baker's  "Acid  sulfuric,  C.  P.  95.6- 
96.4%/'  that  of  higher  concentration  was  prepared  from  this  by  careful 
addition  of  Baker  and  Adamson's  '*  Sulfuric  add,  C.  P.  Fuming. 
(HAO?)."  The  100%  add  thus  obtained  was  standardized  gravi- 
metrically  by  the  barium  sulfate  method.  A  more  accurate  criterion 
of  its  purity,  however,  was  directly  available  in  a  determination  of  its 
freezing  point,  since  a  change  in  concentration  of  o.  1%  corresponds  to  a 
difference  of  0.6^  in  the  point  of  fusion.  The  add  used  throughout  the 
investigation  froze  at  10.3-10.4**.  This  compares  favorably  with  the 
values  found  by  other  observers,^  when  it  is  remembered  that  the  add 
could  not  be  completely  safeguarded  from  traces  of  moisture  during  the 
determinations.  Contact  with  the  outer  air  was  made  as  short  as  possi- 
ble by  delivering  the  add  into  the  freezing  point  tube  from  a  Grethan 
pipet. 

The  organic  substances  employed  were  mostly  pure  Kahlbaum  sped- 
mens  with  satisfactory  points  of  fusion.  Only  in  a  few  cases  was  spedal 
ptuification  necessary. 

The  experimental  difficulties  involved  in  the  examination  of  the  S3rs- 
tems  considered  in  the  present  paper  were  much  greater  than  those  en- 
countered in  previous  work,  and  the  method  of  procedure  was  necessarily 
1  Pickering.  /.  Chem.  Sac.,  57,  331  (1890)  obtained  10.35*  as  the  point  of  fusion. 
A  slightly  higher  value — 10.43*  to  10.45'* — ^was  found  by  Lichty  (This  Journal,  3©i 
1842  (1908)). 
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slightly  modified  to  reduce  them  as  much  as  possible.  In  the  first  place» 
all  solutions  with  low  temperatures  of  fusion  became  very  viscous  and 
hard  to  stir.  What  little  stirring  could  be  done  produced  in  the  liquid 
a  mass  of  air  bubbles,  difiScutt  to  distinguish  from  minute  crystals,  hence 
the  solution  never  became  perfectly  clear  and  the  freezing  point  appeared 
very  indeterminate.  In  such  S3rstems  each  point  was  repeated  several 
times  and  after  considerable  practice  the  exact  temperattue  of  fuskin 
could  be  fixed.  Secondly,  almost  all  mixtiu-es  exhibited  supercooling  to 
a  marked  degree.  So  long  as  the  freezing  point  curve  of  one  of  the  com- 
ponents was  being  followed»  solidification  could  be  induced  by  the  addi- 
tion of  a  minute  crystal  of  this  component,  but  nothing  could  be  done 
in  cases  where,  a  compound  being  expected,  the  mixture  persistently 
hardened  to  a  glassy  mass  without  crystallization.  Finally,  certain  .of 
the  systems  (especially  phenols)  gave  dark-oolored  solutions,  is  wliidh  it 
was  very  difficult  to  determine  the  presence  of  soltd  phases  •  although  ;^ 
yeUow  flaaie  set  behind  the  tube  proved  of  some  help.  .         >i- 

Pure  sutfuric  add  iumes  on  exposure  to  the  air,  even  at  ordidary  .-.ttiiir* 
peratures,  ajid  tends  to  lose  SO^..  This  was  not,  however,  a  cause  of^ffi- 
culty  in  the  systems  considered  in  the  present  paper,  since  the  addatioa 
at  the  seqp^d  componeint,  with. the  consequent  formation,  of  pompopi^ 
in  th^  solution,  coi^derably  ^edUiC^  this  tendency  to  depo^^positiQi^ 
Even  at  temperatures  above  xoo°  (where  little  sulfuric  acid,  wa^  pfi^seiijQi 
no  indications  of  evolution  of  sulfur  .trioxide  or  water  ixqifx  the  n^xtww 
were  obtained. 

Sulfonation  itself  raj-ely'took'  place  at  the  temperature  of  experiment.' 
In  eases  where  stdfonation  did  proceed  rajrfdly,  the  fact  could  at  xmcfe  be 
recognized  by  the  presence  of  condensed  water  on  the  exposied' portion  of 
the  tube.  Such  systems  Wibre  not  examined  further.  It  is  quite  certain 
that  the  compounds  isokited  by  freezing,  described  in  the  foUoni^ng  page^, 
are  addition  and  not  sulfonation  products,^  for  the  sulfonic  adds  decom- 
pose on  fusion  and  have  no  dl^finite  freezing  points.  '  Also  the  maximum 
points  on  the  curves  always  correspond  to  points  of  simple  molecular  com- 
position, which  would  not  be  the  case  if  the  components  had  reacted 
together  to  split  off  water.  Furthermore,  the  complete  solidificatioo 
of  a  solution  at  a  maximum  point  at  constant  temperattu^  indicates  that 
no  water  is  present. 

It  was  found  that  the  exact  point  of  fusion  of  a  mixture  could  be  most 
readily  determined  as  follows:    Solidification  was  induced,  and  the  whole 

^  Sulfonation  is  a  slow  process,  even  at  high  temperatures.  Hence,  at  the  freezing 
point  of  the  mixture,  its  progress  dtuing  the  course  of  the  experiments  was  generally 
negligible  entirely.  In  a  few  systems,  however,  it  was  observed  that  the  temperature 
of  fusion  of  a  mixture  changed  gradually  with  the  time,  pointing  to  slow  sulfonation  of 
the  substance  under  investigation. 

'  This  point  is  discussed  more  fuUy  in  a  later  section  of  the  paper. 
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was  slightly  above  the  required  freezing  point,  as  foUnd  by  a  previous 
^^proximate  determination.  Stirring  was  constantly  maintained  in  the 
sohition,  and  the  thermometer  immersed  in  this  indicated  a  gradual  rise  of 
temperature  so  long  as  soUd  phase  was  present  and  absorbing  heat  by 
fusion.  Disappearance  of  solid  phase  was  marked  by  a  "hang"  in  the 
temperature)  succeeded  by  a  rapid  rise.  At  the  same  time  the  solution 
became  clear. 

By  this  method  freezing  pmnts  cduld  be  obtained,  in  favorable  cases, 
accurate  to  within  0.2--0.5*';  in  some  systems,  however,  the  tempetia- 
tinres  given  are  correct  only  to  the  nearest  degree.  The  difficulties  of 
o6tervation  were  espedaUy  great  on  the  sulfuric  add  side.  Points  in  this 
fegion  (solid  phase  H2SO4)  are  of  no  particular  imp(Mtance.  Consequently, 
^ter  the  first  series  of  experiments  with  the  aromatic  adds  had  been  com- 
pleted, -the  examination  of  this  portion  of  the  systems  was  onatted,  eJccept 
in  spedal  cases.  The  curve  was  started  from  the  other  end  and  carried 
atoag  as  far  as  possible,  by  successive  additions  of  sulfuric  add,  until  the 
composition  of  the  mixture  was  such  that  no  further amipounds wereto 
be  expected. 

Tftie  results  of  the  investigation  are  collected  in  the  tables  below,  whidi 
asre  arranged  as  in  the  preceding  papers  of  this  series.  (T  =  tempera- 
bite  of  indpient  solidification:)  Some  typical  freezing  point  curvea  are 
shown  in  the  accompanying  diagrams. 

Aromatic  and  Aliphatic  Adds. 

, ,    /,  Ben9ok  i4d<l.*-The  compotttid  QI^C00H»HsS04  was  oUaioKl  aUble  at  its 
ippimimn,  m»  p.  87.5**.    The  freezing  point  curve  is  givoi  in  Fig.  h 

....  .  .,(a)3olidpb«8e.Cai».COOH. 

%C#iJ[fjCOOH...  100.0    98.0     92.1     83.9^69*1     .67.4 

T.  ..,..^ 121.8   iao.6   115.8   109.6     92.5     90.0 

(6)  Solid  phase,  Cai«.COOH3sSO|. 

%.qai#.COOH...  60.3  56.9  518  4W     44'3     39.3     342     30.8 

T ,. 82.3  84.2  86.2  87.3.  86.3     83.2     77-2     72.3 

%  C«H»!cbOH. . .  26.2  24.2  22.6  18.6 

f 61.4  53.2  44.6  25.8 

(c)  Solid  phase,  HjSOi. 
%C«H».COOH...       9.9       8,0       5.7       3.2       0.0 
T — 6.2   — 1.2       3.2       7.0     10.3 

2.  O'Toluic  Acid. — *Die  compound  CtHt.COOH^iSOi  was  obtained,  stable  at  its 
maximum,  m.  p.  59**  (see  Pig.  III). 

(a)  Solid  phase,  C7H7.COOH. 
%CtH7.C0OH...   100.0     88»7     78.0     68.1      66.7      61.1      58.1 
T 102.9     97.8     92.0     83.6     82.2      74.2     67.0 
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%  C7H7.COOH. 

T 

%CTHr.COOH. 
T 


%  C7H7.COOH. 
T 


519 
58.7 
30.7 
45.6 

4.6 
3.0 


(b)  Solid  phase.  CiHt.COOH.HsSOi. 

51.6  47.4     44.3     39.5     37^     33.6 

58.7  5«.2     57.6     56.3     54.6     49.1 
35.6     20.1 
33-5      12.0 

(c)  Solid  phase,  H,S04. 
3.4       0.0 

7.2  10.3 

J.  m*Toluic  AM, — In  this  system  two  compounds  were  isolated,  3CtH7.COOH,- 
H1SO4  (m.  p.  79-5  ^  by  extrapolation),  and  C7H7.COOHJISSO4  (m.  p.  63.5  ^  by  ex- 
trapolation). Both  compounds  are  unstable  at  their  maxima,  but  their  points  of 
fusion  may  be  readily  obtained  by  a  slight  extension  of  the  curves,  as  will  be  seen 
from  the  diagram  (Fig.  I). 

(a)  SoUd  idiase,  C7H7.COOH. 
%C7H7.COOH...   100.0     84.5     74.3     67.7     64.1     61.8 

T. 1 10.0    100.5     92.0     8)1.6     78.7     74.9 

(6)  SoUd  phase,  2C7H«.COOH,H>to4. 
64.7     ^1.8     60.2     59.5     58.7  ^55.<»     54.1 
79.J     78.9     78.3     78.3     78.0    y^a     75-9 
49.9     4r^i     45.0     36.3  ^ 

7X.6     68.^.  6^     3^.-» — 
^--^  (f)  SoHd  phase,  C7H7.COb|LH^. 
425     S%3     36.4     34.8     340     3^.8    \ 
58.4     55^.54.0     52.7     46^ 

(d)  SoUd  phH^,  H,S04.     ^ 
2.4       0.0 

7.3  10.3 

4.  p^duic  Acid, — The  compound 

■(»>  pr-i^o^  by  eatffapolalioa),    ThaiMiuUiig  ] 


%C7H7.COOH... 

T 

%C7H7.COOH.;. 

T :.:.^^ 

%C7H7.COOH... 

T :.'.":.:. 


%C7H, 
T. 


:■! 


OOB. 


61.8' 


7.7 
—1.8 


at  its 
Pig.  I 


%C7H7.^00H...   100.0 


0 

84 


f:7H7.CObH,IM04 
klioB).    Tha  ii«eS^iig 

\a)  SoHd  pha$e,  C7H7.COOH.  \ 
4.2      71.0     ($2.9     59.6     55.a     \i. 
7.5    1547    143.7    137.5    127.0    i\ 


50^ 

72.2 


22.4 
30.S 


I 


*'iK>| 


ohU^efi,  unstable 
Lt^^rv^i§<ffiofwn  la 


(f>)  Solid  phase,  eTH«X.qOH,Ht^4. 


45.5 
99.5 

6.2 
— 2.2 


>    49A':46.» 

.0    ^/f.2  100.2 
/ 

42.2       37.1       32.8"''a**4^/23»Q       21.2        16.8  '14.7 

98.9       94.9       ^8.5        77.5  *   58.'».."^»i;p        18.0  7.5 

(c)  Solid  ^hase,  HsS04.      .    ^"   .    ^^ 
3.2        1.7       0.0  \ 

3.0       5.8      to.3 
5.  a^T^Me-Atidr^tht  eompound  C^t.COOH^HtSO*  waa  obtained,  stable  at  its 

mairfftwm^  HI.  p.  62^. 

(a)  SoUd  phase,  C7H7.COOH. 
loo.o     91. 1      83.8     71.6     69.9     68.7     67.1      65.3     61.6 
76.8      71.3      67.7      59-4      56.8      55.0      53.2      50.1      40.6 
(6)  SoUd  phase,  C7H7.COOH,HtS04. 

56.3  53.7     49.8     45.1      42.6     39.5     37-9     36.2      28.7     16.3 

58.4  60.0     6X.7     61.2     60.7     60.0     58.7      55.0     47.7     15.8 


%C7H7.COOH.. 
T 

%C7H7.COOH.. 
T 


%C7H7.COOH.. 
T 

%C7H7.COOH.. 
T 


Digitized  by  VjOOQIC 


(C) 


%  C7H7.COOH. 

T 


doiid  poase,  HtbU^. 
6.8       5.1       2.5       0.0 
— 9.0  — 3^       5.6     10.3 
6,  Salicylic  Acid. — When  sulfuric  add  was  added  to  this  substance  and  the  tem- 
perature raised  to  melt  the  solid,  water  was  given  off.    This  evidence  of  a  condensation 
reaction  rendered  further  work  on  the  system  useless. 

250° 

III 


200 


150' 


100' 


.1 ».  .'      >     . 
..1  ..^  .^^ 


II 


IV 


75  50  25 

Per  cent.  HtSOi. 

Subtract  40**  from  temperature  scale. 

Subtract  20®  from  temperature  scale. 

Subtract  60*  from  temperature  scale. 

to  temperature  scale. 


I.  Benzoic  acid. 
II.  i»-ToIuic  acid. 

III.  j^Toluic  acid. 

IV.  Trichloroacetic  acid.    Add  40 

Fig.  I. 
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7.  o-NUrobenwoic  Acid. — On  an  attempt  to  melt  the  multure  of  acids  in  this  case, 
a  violent  reaction  took  place,  leaving  nothing  in  the  tube  but  a  charred  mass. 

S.  Cinmamic  AM. — ^This  add  also  charred. with  sulfuric  add  when  the  tempeiature 
was  raised,  and  no  investigation  of  the  system  could  be  made.  Hoogewerff  and  van 
Dorp^  record  the  existence  of  two  addition  compounds  with  the  formulas  CiHj.COOHr 
H1SO4  and  2CtH7.COOH,3HiS04,  respectivdy. 

p.  Manddk  Acid. — ^Here  again  the  mixture  of  the  two  adds  darkened  on  heating 
and  no  satisfactory  examination  of  the  system  could  be  carried  out. 

10.  Chloroacetic  Acid. — ^No  compound  formation  in  this  system  was  indicated. 

(a)  SoUd  phase,  CHsCl.COOH. 
%CHiCl.COOH.   100.0     94.4     88.1     78.9     65.1     62.3     59.7     53.7     46.0 
T 61.7     604     ^7.a     52.7     4H     3^.1      34-5      ?5.2        9-2 

11.  Trichloroacetic  Acid. — ^The  freezing  point  curve  of  this  .system  is  given  in  Pig. 
I.  It  win  be  seen  that  the  depression  of  the  freezing  point  of  trichloroacetic  aidd  by 
stdfuric  add  is  abnormally  small.  No  compound  was  isolated,  but  in  the  region'  be^- 
tween  11%  and  44%  tridiloioacetic  add  the  points  obtamed  fall  on  two  regular  curves 
nnming  paralld,  throughout  It  is  evident,  that  the  lower  curve  cocresponda  to  an 
unstable  crystalline  modification  of  trichloroacetic  acid,  with  a  mdting  po|nt  of  .a^-. 
proximatdy  30*. 

(a)  SoUd  phase,  CCU.COOH  (I).  . 
%  CClj.COOH...   100.0     89.3     78.1     68.2     58.3     54.0     49.3     41.7     37.7 

I"- 57.3     56.1     53.4     5i.a     49:2     47.9     47.0     44.8     4^.^^       ' 

%CCla.COOH...     33-2    '30.8     ^6.1      94.9     21.0     "17.9      t4«i.     ti^ 
T 4iw9     39^     39.3     35»3     3«.7     29.0     21.6     15^3   f 

(a)  SoUd  phasfei  CCI1.COOH  (11). 
%Cai.COOH...     43.9     32.9     ai.9     173-    tZA       7-8    .  t. 

T 33.4     33.8      24^0     20.2      X3.4        <»o  ;t 

W  ^oUd  pfiase/H.SQ«.  .    . 
%CCU.COOH...       2.9       0.0 
"^ 7.3     10.3  .    * 

12.  Crokmtc  Acid. — ^This  add  gave  with  sulfuric  add  the  equimolecular  addition 
compound  CiHi.C00H,HtS04,  stable  at  its  maximum,  m.  p.  24.5"*. 

(a)  Solid  phase,  QHi.COOH.  ' 

%C|Hi.COOH...   100.0     93,8     83,5     74*6     69.1     65.9     59.3 

'^ 71.0     67^     61.9     54-7     47-0     40.4     22.3 

(b)  Solid  phase,  CsH».CXX)H,H,SO«. 

%C|Hi.COOH...     54.9     49.7     43  5     38.1     337 
T 21.3     24.3     23.3      15.8       1.5 

13.  a-Chlarocrokmic  Acid. — ^Here  no  addition  compounds  are  indicated  by  the 
freezing  pomt  curve. 

(a)  Solid  phase,  COIia.COOH. 
%C,H4a.COOH.   loo.o     90.4     80.2     694     63.5     56.6     52.8 

'^ 99.0     93.5     86.5     79.5     73.2     64.0     58.5 

%Cjl4a.COOH.     48.1     43.9     39.0     31.0 
'^ 49.5     41 .0     30.0       2.0 

14.  Glutaric  Acid. — ^Hoogewerff  and  van  Dorp'  isolated  addition  compounds  of 
^  Hoogewerflf  and  van  Dorp,  Rev.  trav.  chim.  Pays-Be^,  x8,  213  (1899). 
^Loc.cU. 
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sulftinc  acid  with  the  foilowmg  dibasic  ahphatic  aods:  succmic,  fumanc,  mesaconic. 
These  proved  unsuitable  for  use  in  the  present  investigation  owing  to  tiieir  high  points 
of  fusion,  and  glutaric  add,  which  possesses  the  lowest  melting  point  of  the  series  oC 
saturated  dibasic  adds,  was  chosen  for  examination.  An  equimolecular  addition 
compound  was  obtained,  stable  at  its  maximum,  m.  p.  45.5*^. 

(a)  Solid  phase,  CtH,(COOH),. 
%  CiH«(COOH)i .   100.0     87.4     78.8     70.9     65.2     59.6     54.1.    49.0     47.8 

T 95-8     92.9     88.6     82.5     75.7     63.9     51.7     37.1     35.0 

(6)  SoUd  phase,  Cai6(CXX)H),,HiS04. 
%  CtHf(CCX)H), .     45.5     41.6     39.0     33.5 
T 49-7     47.7     46^     40.1 

Consideration  of  Results  with  Acids. 
Fourteen  acids  have  been  investigated  with  stdfuric  acid.  Four  of 
these  suffered  decomposition  on  heating,  three  gave  no  addition  com- 
pounds*  and  seven  )rielded  positive  results.  Of  the  .eight  compounds 
isolated,  seven  were  of  the  type  R.COOH,HjS04,  and  one  of  the  type 
2R.COOH;H2S04.    AD  compounds  were  colorless. 

An  examination  of  the  results  shows  that,  the  rule  enunciated  in  a  pre- 
vious <?ommunication/  that  the  tendency  towards  addition-compound 
formation  (for  adds  in  pairs)  is  dependent  upoij  the  difference  in  acidic 
strengths,  holds  throughout  the  entire  series.  Very  weak  oiganic  adds 
readily  form  «iddition  compotmds  with  a  strong  add,  sudi  as  sulfuric  add. 
An  increase  in  the  addict  strtengUis  ot  the  organic  add  is  accompanied  by 
the  loss  of  this  property.  This  is  illiMrated  in  the  following  table  where 
the  results  of  the  present  investigation  and  thode  obtained  by  Hooge- 
werff  and  van  Dorp*  are  cofl^ed.  '  The  dfssodation  constants  are  those 
given  by  Ostwald.* 
ij^dds  foin^^  ad4i^<>°  oon^pounds.  Adds  npt  formiog  addition  compounds. 

Acid.  100  K.  Acid!  100  IT. 

Benzdc 0.0060  o-Chlorobenzoic 0.132 

<>-Toluic '.'    0.012b  m-Chlorobenz<Mc(?) 0.0155 

m-Toluic  (2  compoundsy 0.60514       ^-C3ilorobeiizoic(?) 6^0095 

^Toluic 0.00515        o-Bromobcnzdc o.  145 

a-Toluic d.00556 

m-Bromobenzoic 0.0137 

Cinnamic  (2  compounds) o  .00355 

Crptonic.. , 0.00204        Chloroacetic 0.155 

Succinic 0.00665        Trichloroacetic 121. 6 

Glutaric 0.00475        a-Chlorocrotonic 0.072 

Pumaric 0.093 

Mesaconic 0.0790 

^  Kendall,  Loc.  cit. 

*  Hoogewerff  and  van  Dorp,  Loc.  cit.  It  must  be  remembered  that  negative  results  ob- 
t^ned  by  Hoogewerff  and  van  Dorp  do  not  disprove  the  existence  of  addition  products, 
since  the  mixtures  investi^fated  by  them  may  not  have  had  compositions  suitable  for  the 
isolation  of  compounds. 

»  Ostwald,  Z.  physik.  Chem.,  3,  418  (1889). 
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The  re^ts  of  the  abcnre  taUe  agree  with  those  obtoiiied  previously^ 
in  indicating  that  addition  compounds  of  the  t3rpe  add-add  are,  in  fact, 
oxonium  salts,  the  addic  properties  of  the  weaker  add  being  suppressed 
by  the  stronger,  and  basic  (unsaturated)  properties  being  induced  in  the 
carbonyl  group.  Under  this  view  the  formulas  of  the  compounds  ob- 
tained are: 

R— C-0<^  and    R— <i-0<f  \)-C— R 

I  X)— (SO«).OH  I  X)— (60i)— (r  I 

OH  OH  OH 

In  the  fomer,.  sulfuric  add  acts  as  a  monobasic  add;  in  the  latter,  as  a 
dibasic  add. 

Phenols. 

15.  Phenol, — ^The  compound  2CtH|OH,HtS04  was  obtAi^ed,  stable  at  Its  maximum, 
mp.  15.5*  (aec  Fig.  III). 

"     (o)  Solid  phgae,  C«H|.OH. 

%CJIi.OH :.   X00.0     94.1      86.6     79.4     72x1 

T 4^.4     35.5     30.5     23.4     ,13.4 

(6)  Solid  phase,  2CJI».OH,H,S04.       ' 

%CJIi.OH. 66.8       61.3     55.4     ^t.8     49.5     45-7\43.7     395 

T 15.0       16.0     12.2     10.4       8.0      6.0    ^  2.5  — 2.0 

%CJIi.OHr......    36.3       34.1 

T — 7.0  — lo.o  ,  \     ,^ 

16,  o^t^Koi.;— In  ^hi$  ssrstem  no  addition  compounds  coulci,  be  isolated,  super- 
cooling making  a'salisfactoiy  invest^tion  very  difl&cult. 

'  *      ^.Jfll}..S<jiid  phase,  CiHt.OH. 
VoCtBj.^SL^^..   IC0.0     89.1      76.8'    48;7.   66.2     61.9 
T :.•  ^0.4    26.2     18.8      9.6      6.2      l;0 

77.  p-Cresol. — ^Here  two  compounds,  were  isolated,  both  stable  at  their  points  of 
fusion;  aCrHrOH.HsSOi  (m.  p.  ii.o*)'  lod  CrHr.OH.aHsSOi  (m.  p.  93-5*)'  The 
flatness  pi  the  maximum  in  the  case  of  the  fohqer  compound  indicates  that  it  is  largely 
dissociated  into  its  components  on  fusion,  but  %l}e  form  of  the  curve  for  the  second 
addition  product*  togfthrr  with  its  surprisingly  high  melting  point,  makes  it  evident 
that  the  wmpuimd  is  very  stable.    The  freezing  point  curve  is  given  in  Pig.  II. 

(a)  Solid  phBsa,  C7H7.OH. 

%C7H7.0H loo.o     90.4     82.2     75.4 

T 34.6     29.4     22.1      11.6 

(b)  SoUd  phase,  2C7H7.0H,HsS0«. 

%C7H7.0H 68.0     62.6     58.5     54.1     50.5     45.4 

T ii.o     ii.o       9.3       7.5       5.0       9-0 

(c)  Solid  phase,  C7H7.0H,2HiS04. 

%C7Ht.0H 56.0     48.7     39.5     34.7     33.8     28.6     21.6     16.2      12.3 

T 24.0     57.3     841      91.9     93.4     90.9     78.2     37.8     40.2 

18.  o-Xylenol, — ^In  this  system  two  compounds  were  also  isolated,  analogous  to 
those  obtained  in  the  case  of  ^resol.    The  compounds  2CtHtOH,HtS04  (m.  p.  70*^) 

^  Kendall,  This  Journal,  36,  1722  (1914)- 
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and  CiHf.0H,HsS04  (m.  p.  90")  were  obtained.    Both  are  stable  at  their  mdtiiig 
points  (see  Pig.  II). 

(a)  SoUd  phase,  C|H|.OH. 

%CfHt.OH 100.0     87.5     80.2     75.8     72.1     63.7 

T 63.7     57.6     50.3     47.0     42.4     316 
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Per  cent.  H1SO4. 

I.  ^Cresol.    Subtract  100°  from  temperature  scale. 

II.  o-Xylenol.    Subtract  140®  from  temperature  scale. 

III.  j^Xylenol.    Subtract  180**  from  temperature  scale. 

IV.  o-Nitrophenol.    Temperature  scale  correct. 

V.  m-Nitrophenol.    Subtract  10**  from  temperature  scale. 
Pig.  II. 
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ib)  SoUd  phase,  2CtHf.0H«HtS0«. 

%CiH|.OH 70.9     66.9     60.2     54.4 

T 68.0     yq.o     68.9     63.4 

(c)  Solid  phase,  CtH«.OH,HjS04. 

%C|Ht.OH 50.7     47.8     44.6     41.5     34.0     304     25.3     2Q.3      16.1 

T 53.8     60.8     71.5     ?o.7     90.0,     89.4     84.8     72.8     58.3 

ig.  p-Xylenol. — ^Two  addition  compounds  were  obtained  in  this  sgnstem,  the  equi- 
molecular  compound  CiH|.OH>HiSQ4>  (m*  p<  91"^)  and  the  compound  CtHf.OH^aHtSOi 
(m.  p.  104**).    Both  are  stable  at  their  maxima  (see  Pig.  II). 

(o)  Solid  phase.  C«H|,OH. 

%C|Hf.OH 100.0     91.X     81.1 

T 74.0     71.0     67.9 

(6)  SoUd  phase,  CsH».OH3tSO«. 

%C|H|.OH 71.7     67.0     61.7     54.0 

T 80.6     84.2     87.2     90.4 

(c)  SoUd  phase,  C«HfX>H.2HtS04. 

%C|H|.OH 46.4  ,  40.1  .  32-8      2|.7 

T 92.4    loi.o    104.0     91.9 

20.  Thymol. — On  first  addition  of  sulfuric  acid  to  thymol  the  point  of  fusion  was 
lowered,  as  in  normal  cases.  After  about  20%  of  acid  had  been  added,  however,  two 
hnmiscibte  UCyers  formed,  and  the  point  of  fusion  (in  the  layer  richer  in  thjmol)  !««• 
named  practically  constant  on  further  addition  of  aqid.  An  attempt  to  c^nse.complete 
admixture  of  the  two  liquids  (at  the  point  53%  thymol)  by  raising  the  temperature 
resulted  in  sulfonation  taking  place,  a  white  solid  separating  out.  This  did  not  melt 
at  100^,  at  which  temperature  water' was  given  off.  The  system  was  not  examined 
further. 

(a)  Solid  phase,  Ci^Hu.OH. 

%CioHi«.OH loo.o     92.4     83.3     72.2       64.7     5^.7 

T 49.6     47.1     43.0^42.0*    42.0*     ? 

21.  o-NHrophenoL — No  addition  compound  was  here  isolated.  The  form  of  the 
curve  indicates  also  that  none  is  present  in  solution,  the  freezing  point  depression 
being  extremely  small  (see  Fig.  II).  o-Nitrophenol  here  behaves  quite  differently  from 
its  isomers,  m-nitrophenol  and  ^nitrophenol.  Both  of  these  form  addition  com- 
pounds, as  will  be  seen  in  Tables  XXII  and  XXIII  below.  Similarly  o^nitrophenol 
does  not  yield  addition  products  with  aniline*  or  with  dimethylpyrone,*  while  the  other 
nitrophenols  give  compounds  in  both  cases.  This  anomalous  behavior  of  o-nitro- 
phenol  is  evidently  connected  in  some  way  with  stearic  hindrance,  since  in  acidic 
strength  it  lies  between  the  other  two'  and  should  give  exactly  similar  results. 

(a)  SoUd  phase,  CtH4.NO1.OH. 

%  C4H4.NOj.OH  .    lOo.o     93.6     88.0     82.3      75.7      74-4  68.9  67.9 

T 450     43.9     42.4     415     407     41.4  39.5  40.6 

%  C4H4.NOj.OH  .     66.5      63.8      59-3-     52.6      45-6      40.7  32.0  25.8 

T 39.1      38.7     39-3     37.0     33.5     30X)  ai.o  11.0 

'  Kreeman  and  Rodinis,  Monats.,  27,  136  (i9^)* 

*  Kendall,  This  Journal,  36,  1237  (1914)* 

*  HoUeman,  Rec.  trav.  ckim.  Pays-Bos,  ai,  444  (1902). 
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22.  m-NUrophenol. — One  compound  was  obtained,   aCeHi.NOi.OH.HsSOi,  (m.  p. 
83**},  stable  at  its  maximum  (see  Fig.  2). 

(a)  Solid  phase,  CJi4.NO,.OH. 
%  C«H4.NOj.OH  .   100.0     93.3     87.7     82.0 

T 954     92.5     894     84.7 

(b)  SoUd  phase,  2CJl4.NOi.OH,H,S04. 
%  C«H4.NOj.OH  .     73.5     68.5     60.5     55.2     51.4     45.9     37.7     31.7     24.7 
T 81.7     82.7     78.6     73.5     69.4     62.3     52.2     394     18.0 

2j,  p-NUrophenol. — ^Herc  also  one  compound  was  obtained,  2C«H4.NOs,HtS04> 
(m.  p.  90*),  stable  at  its  maximum. 

(a)  SoUd  phase,  CJI4.NO1.OH. 
%C»H4.NOi.OH  .   100.0     92.7     83.9     76.9 
T 113.8    109.4    102.7     97-0 

(b)  Solid  phase,  2C«H4.NO,.OH,H,S04. 
%  C«H4.NO,.OH  .     68.1     64.1      58.4     53.0     50.6     44.7     35.6 
T 89.9     88.3     80.7     73.5     70.4     60.3     35.1 

Consideration  of  tiie  Results  vdth  Phenols. 

Nine  phenols  have  been  investigated  with  sulfuric  acid.  One  of  them 
suffered  sulfonation,  two  gave  negative  residts,  the  remaining  six  yielded 
addition  compounds.  Of  the  nine  compounds  isolated,  five  were  of  the 
type  2R.OH,HiS04,  one  of  the  type  R.0H»HiS04,  and  three  of  the  type 
R.OH,2H,S04, 

The  addition  of  sulftuic  acid  to  a  phenol  is  accompanied  in  general  by 
a  darkening  in  color,  the  mixture  becoming  red  and  in  some  cases  almost 
black.  Only  in  one  system,  ^-cresol,  were  the  solutions  Ught-colored 
throughout.  In  the  solid  form,  however,  the  addition  products  were 
colorless,  or  at  most,  only  faintly  tinted.  This  dai^ening,  coupled  with 
the  viscous  nature  of  the  mixture,  made  the  investigation  of  the  systems 
extremely  difficult.  Supercooling  occurred,  in  almost  all  S3rstems,  to  a 
considerable  extent;  so  that  in  some  cases  a  compound  {e,  g,,  the  com- 
pound sCgHf.OH^HsSO^,  in  the  case  of  p-xyltnol)  was  entirely  missed  on 
the  first  examinatic^,  and  only  on  a  repetition  of  the  experiment  found 
to  exist.  It  is  extremely  probable,  consequently,  that  in  certain  systems 
some  of  the  addition  products  present  in  solution  were  not  isolated. 

With  regard  to  the  structural  formula  of  the  compounds  obtained^ 
it  is  rather  difficult  to  decide.  The  analogy  between  the  addition  prod- 
ucts here  described  and  those  obtained  in  the  case  of  organic  adds  ren- 
ders the  same  oxonium  structure  extremely  probable.  The  generally 
accepted  view^  for  the  representation  of  compounds  of  the  type  phenol- 
acid  assumes  that  the  phenol  first  goes  over  to  the  tautomeric  ketonic 
form,  e.  g., 

*  Gomberg  and  Cone,  Ann.,  376,  220  (1910). 
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On  this  assumption,  addition  takes  place  on  the  carbonyl  group,  as  in 
the  case  of  adds.  But  it  is  also  possible  for  the  reaction  to  be  explained 
directly^  by  asstuning  addition  on  the  — OH  group,  as  in  the  case  of  alco- 
hols.' 

According  to  either  of  the  above  hypotheses,  it  is  easy  to  repiivseat 
compounds  of  the  types  R.0H,HiS04  and  2R.OH;HsS04.  In  the  former 
sulfuric  add  acts  as  a  monobasic  add,  in  the  latter  as  a  dibasic  add.  The 
third  type  of  compound,  however,  R.OH,2HjS04,  presents  some  tfifficul- 
ties,  since  it  is  impossible  to  express  it,  under  the  scheme  followed  through- 
out this  series  of  papers,  except  by  the  assumption  of  hexavalent  oxygen. 

H^^(SO.).OH  Lo(S0.).OH 

^0(SO.)OH  ""  "?\)(S0.).OH 

This  assumption  has  previously  been  made  by  Mcintosh'  to  explain  the 
compounds  obtained  with  dimethylpyrone  and  the  halogen  adds.  It  is, 
of  course,  supported  by  the  hexavalency  of  sulfur. 

While  the  structural  formula  of  the  compounds  phenol-add  cannot  be 
definitely  fixed,  it  may  be  pointed  out  here  that  it  is  impossible  to  repre- 
sent compounds  of  the  third  type  under  the  h3rpothesis  that  these  products 
are  carbcmium  salts.'  Accordmg  to  this  theory  an  equimolecular  addition 
compound  is  considered  to  be  formed  as  follows: 

yc  -  o  -f  Hx  ^ifc  yC\ 

addition  taking  place  through  the  breaking  up  of  the  double  bond  of  the 
carbonyl  linkage.  It  is  obvious,  however,  that  a  compound  of  the  formula 
R.0H,2HsS04  cannot  be  represented  according  to  this  view,  and  an  oxon- 
ium  structure  must  be  admitted. 

The  investigation  of  systems  of  the  type  phenol-add  is  at  present  being 
continued. 

AldehydeSi  Ketones  and  Anhydrides. 
24.  p-OxybeHMaldehyde,— On  addition  of  sulfuric  add  to  this  substance,  a  dark  red 
>  Maass  and  Mclntoeh,  Tms  Journal,  30,  1284  (1912). 
'  Mcintosh,  Ibid,,  3a,  542  (1910). 
*  Gomberg  and  Cone,  Ann.,  376,  220  (1910). 
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coloration  was  produced.    When  the  temperature  was  raised,  charring  occurred,  and 
the  investigation  of  the  system  could. not  be  continued. 

25.  p-NUrohtnMoldehyde. — ^No  addition  compound  was  isolated. 
(a)  Solid  phase,  CJi4.NOs.CHO. 
%  CJI4.NOs.CHO  100.0     90.6      79-7      73-2      65.0     55.4     49.7      49.5 

T 104.4    100.7      94-8      909      85.0     76.6     74.5      74.8 

%  CJI4.NO1.CHO     47.3      44.6     43.9     4»i      40.2      34-5      33.7      24-1 

T 73.0     7.0.4     70.4     67.1      66.7      54.0     56.3     32.6 

2d.  VaniiUn. — ^When  sulfuric  acid  was  added,  the  mixture  became  dark-coloied 
and  decomposition  began  to  occur,  so  that  no  examination  of  the  system  could  be 
made.  Hoogewerff  and  van  Dorp'  record  the  isolation  of  an  equimolecular  compound. 
27.  Piperanal. — ^Here  again  darkening  of  the  mixture  prevented  any  examination 
of  the  system.  Hoogewerff  and  van  Dorp,  however,  record  having  isokited  the  fol- 
kmhig  compound:  2CA(aCHt).COH,3HtS04. 

38.  Acetophenme.— The  compound  2CHi.CO.CJI»»HaS04  was  obtained,  fttble 
at  ita  maximum  (m.  p.  29^).  The  sjrstem  could  not  be  completely  investigated  owing 
to  the  fact  that  the  solutions  became  dark  and  viscous. 

(a)  Solid  phase,  CH,.CO.CfH|. 
%  CH,.CO.CJI». .   loo.o     95.8     95-2     89.0 

T 18.7      17.2      17.4     13.9 

(b)  SoUd  phase,  2CH,.CO.CJI»,H,S04. 
%  CH|.C0.C«Hs.  J    86.3     80.8     69.0     68.9     68.6     63.0     59.9     34.9     31. i 

T 17.6     23,8     28.4     28.7     29.9     28.0     25.0     22.3      18.3 

2p.  B0nacphemme,—nn\t  compound  CJI».C0.CJEIt,H^04  was  obtained,  stable  at 
its  maximum  (m.  p.  64**  (see  Pig.  III}}. 

(c)  Solid  phase,  C«H,.CO.Cai». 
%  CJI».CO.C4Ii.   100.0     96.4     92.9     88.7     79.8     70.9 

1* 47.8     46.4     44.3     42.1     38.0     26.3 

(*}  Solid  phase,  C«H,.C0.CJI,;H,S04. 
%  C«Hi.CO.CJI|.     64.3     54*     46.2     42.6     38.8     35.7     32.6     29.6 

T 56^     63.0     63.9      61.9     39-4     53.2     48.7     39.1 

JO.  Benail. — Darkening  of  the  mixture  here  made  an  examination  rnipowible. 
Hoogewerff  and  van  Dorp  ^record  the  isolation  of  an  equimolecular  compound. 

jz.  Dimethylpyrone. — Three  compounds  ci  this  substance  with  sulfuric  add  were 
isolated: 2C7H|Oi,HsS04  (m/p.  1036''),  C7H|Os,HsS04  (m.  p.  96''),  and  2C7H«Oi,3HsS04 
(m.  p.  44.8}.  The  first  and  third  of  these  are  just  stable  at  their  maxima.  Mixtures 
containing  less  than  30%  dimethylpyrone  supercooled  to  a  solid  glassy  mass,  conse- 
quently the  system  could  not  be  completed.  It  seems  probable  from  the  form  of  the 
cm^e  (See  Pig.  Ill)  that  other  compounds  exist.  Dimethylpsrroae  is  a  stronger  baft 
than  any  of  the  other  substances  investigated  in  this  paper;  the  addition  con^Munds 
fopnod,  therefore^  are  very  little  dissociated  on  fusion.  The  curve  recalls  strongly 
that  of  the  system  sulfuric  acid-water,  the  latter  substance  being  of  approximately 
the  same  basic  strength  as  dimethylpyrone.' 

(0}  Solid  phase,  C^iOj. 

'%'C,H|Oi. loo.o    85.4    76.1     71.5 

T 132.0  124.0  1 15.0  109.0 

*  Hoogewerff  and  van  Dorp,  Loc.  cit, 

«  Walker,  Ber.,  34,  41x5  (1901). 
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{by  Solid  phaae,  aC,HK)i»HsS04. 

%  C,HiOi 05.9    63.5    61.1     373    53.5 

T 103.6  101.8  loo.a    90.4    84.3 

(c)  Solid  phase,  C^tOi»H,S04. 
%  CfHiOi.. . ... ,     53.0    51.3    S0.6    47.1     46.2     43.3    41.8     40.5     40.1 

T 88.1     93.4    96.0    93.4    90.9    72.5    56.0    41.6    36.6 

(d)  SoHd  phase.  2C,HiO,,3H,S04. 

%  CfHfOji 39.5    38.3    36.1     341     32.2     30.4 

T 44-3    431     37.6    29.3     i8.a      6.0 

32.  Beruoic  .-Anhydride. — In     this    system     three    compounds    were    obtained: 
2Ci4HioOt.HjS04  (m.  p.  52.5 *»  hy  extrapolation),  Ci4Hic08,HjS04  (m.  p.  70.5  •)  and 
Ci4HioQt,3HsS04  (m.  p.  60").     Xhe  first  of  these  is  unstable  at  its  maximum  point, 
the  others  are  stable.    Th^ireezing  point  curve  is  given  in  Fig.'  III. 

-  (a)  Solid  phase,  Ci4HigOi. 

%Ci4HrtQ».......   looo     948 

T 39.5     38.9 

(b)  SoUd  phase,  2Ci4HioOi,HsS04. 

%Ci4HioOi 90.2  *^^     81.0     77.2     73.5 

T 42.3     45-3     ^9.2     ^0.0     51.0 

(c)  Solid  phase,  Ci4HioOi,HtS04. 

%Ci4ltioOi 67.6     62.2      55.4     49\7      43.7      3jr.8      37.4 

T 57.3     64.3     69.4     7o.f     67.6     59-^     58.3 

id)  Solid  ph^,  ci4HigO,,2HdS04. 

%Ci4BioOt 36.1     31.5     26.5      15.8 

T. . . , 58.7     58.7     55.4  '  25.0 

jj.  SuccMe^^Anhydride. — ^The  study  of  this  sirstem  proved  unsatisfactory,  as 
the  anhydride  sublimes  cjLtr^aely  readi^  at  high  ttmpetatures.  No  conclusive  results 
were  obtained. 

J4.  PfUhaUc  Anhydride. — ^Thh^systein  also  gave  no  definite  results. 

J5-  'C^marin. — The  compound  C]^fHtOs,HsS04  was  obtained,  stable  at  its  maximum* 

(m.  p.  35.5  •y^  ^  .       ' 

(a)  Solid  phase,  CtHfOs. 

%C|H«6i........   100.Q     89.^.    80.7     731     68.3     63.5     58.4 

T 68.4     62.3     53.4  ^1.8     46.5     40.4     30.8 

(b)  Solid  phase,'  G«H«Os,HtS6^. 

%CtSiOj 54.2     50.5     46.2     42.6     38.4     35.2 

T 32.7     35.5     34-5     32.3      24.0     X4.0  . 

Consideratioii  of  Resohs  with  Aldehydes,  Ketones  and  ibihydrides. 

From  the  twelve  systems  investigated,  nine  addition  compoimds  were 
isolated.  The  four  aldehydes  examined  gave  no  definite  results,  yet  it 
must  not  be  assumed  from  this  that  aldehydes  do  not  react  with  sulfmic 
acid  to  form  addition  compounds,  for  with  diluted  acid  HoQgewcrff  and 
van  Dorp  obtained  compounds  in  the  cases  of  piperonal  ^md  vanillin.  The 
fact  is  that,  in  most  cases,  the  reaction  is  so  violent  that  the  process  is 
carried  past  the  addition  stage.    Aldehydes,  in  general,  exhibit  a  greater 
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tendency  than  ketones. to  form  addition  products  with  adds,  as  will  be 
shown  in  a  subsequent  paper  dealing  more  fully  with  these  two  classes  of 
substances. 
The  four  ketones  here  investigated  gave  five  additfon  products.    Aceto- 
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Per  cent,  HfSO^. 
I.  o-Toluic  add.    Add  40°  to  temperature  scale. 
II.  Phenol.    Add  20®  to  temperature  scale. 

III.  Benzophenone.    Subtract  130^  from  temperature  scale. 

IV.  Dimethylpyrone.    Subtract  30*  from  temperatnrie  scale. 
V.  Benzoic  anhydride.    Subtract  160"  from  temperature  scale. 

Fig.  III. 
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phenone  and  benzophencme  yiekled  compounds  of  the  types  2R,C0;R^« 
H|SO^  and  R,CX).R,HsS04,  respectively.  In  the  former,  sulfuric  acid 
acts  as  a  dibasic  add,  in  the  latter  as  a  monobasic  acid.  Dimethyl-' 
pyrone  gave  compounds  ci  both  these  types,  and  also  the  addition  prod- 
uct 2C7HtOs,3HtS04.  Compounds  of  this  type  have  previous  been  ob- 
tained with  dimethylpyrone  and  other  adds.^ 

The  four  anhydrides  investigated  gave  four  addition  products.  Two 
of  these  were  equimolecular,  the  others  were  of  the  formulas  2C]4Hi^, 
HsS04  and  Ci4Hi(Ot>2HsS04,  respectively.  In  a  substance  such  as  ben- 
zdc  anhydride  the  possibilities  for  addition  compound  formati<Hi  are  so 
numerous  that  no  structural  representation  of  the  products  isolated  is 
attempted. 

General  Conclusions. 

Thirty ^five  organic  substances  in  all  have  been  investigated  with  sul^ 
fnric  acid,  and  twenty-six  addition  compounds  have  been  obtained. 
These  indude: 

9  compounds  of  the  t3rpe  AiB  (A  «:  organic  substance,  B  =  sulfurie 

add). 

12  compounds  of  the  type  AB  (or  AsBt). 

I  coiiq>ound  of  the  type  AsBi. 

4  compounds  of  the  t3rpe  AB3  (or  A1B4). 

ft  is  thus  seen  that  the  compounds  form  a  regular  series  in  iout'stepii. 
These  compounds  have  been  explained  on  the  assumption  of  oxoniuni  sdlt 
formation  developed  in  previous  papers.*  The  quantitative  results, 
where  available,  are  in  complete  accordance  with  this  view. 

The  reasons  for  asserting  definitely  that  these  compounds  are  addition 
and  not  sulfohation  products — b,  point  already  briefly  referred  to  in  the 
introduction — ^may  here*  be  discussed  more  fully.  The  freezing  point 
curves  shown  above  offer  in  themselves  sufBdent  evidence  in  proof  of 
this  important  point,  since  all  maxima  appear  at  points  of  simple  molec- 
ular composition.    This  could  occur  only  by  chance  if  the  reaction  in- 

1  Kendall,  Loc,  cU. 

*  Kendall,  Loc,  cU.  The  substances  examined  all  contain  oxygen;  in  cases  where 
this  element  is  absent  (e.  g.t  aromatic  hydrooarbons)  a  new  expUmation  most  be  sought. 
In  the  first  place,  the  addition  might  take  place  by  means  of  the  tuisatisficd  oarbon 
valences  of  the  benzene  ring.  This  is  supported  by  the  fact  that  the  saturated  aliphfitic 
hydrocarbons  do  not  form  sulfonation  products.  On  the  other  hand,  no  evidence  |ias 
been  obtained  throughout  the  present  series  of  investigations  of  any  difference  in  be- 
havior between  aliphatic  and  aromatic  substances  which  would  indicate  activity  of 
such  a  tiature.  An  alternative  hjrpothesis  (first  suggested  to  us  by  Dr.  J.  M.  Nelson) 
is  that  the  cart>on  atom  is  potentially  hexavalent,  just  as  the  oxygen  atom  is  potentially 
quadrivalent.  The  addition  process  would  thus  be  essentially  similar  in  its  nature  to 
that  investigated  in  this  paper,  the  basic  properties  of  carbon,  however,  probably 
being  found  much  weaker  than  those  of  oxygen.  It  is  hoped  to  investigate  this  point 
after  the  study  of  the  different  ckisses  of  oxonium  compounds  has  been  completed. 
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volred  were  sulfonation  and  not  addition,  and  that  sudi  a  dmnce  could 
liappen  twenty-^  times  without  a  single*  exception  is  a  manifest  impossi'' 
fai^U^.  Furthermore,  sulfonation  takes  place  with  splitting-off  of  water» 
and  in  no  case  (except  those  expressly  mentioned  above)  was  evohitkm 
o& winter  .observed.  The  fact  that  complete  solidification  at  constant  temr 
perature  occurs  at  a  maximum  point  is  decisive  proof  that  a  pure  sub- 
stance is  U3der,  examination  and  it  is  very  improbable^  that  this  pure 
substance  can:  be  other  than  an  addition  ponoduct. 
s  Another  fact  is  extremely  important  in  this  connection.  Sulfonation 
is«  even. ^  high  temperattures,  a  slow  reaction,  while  all  products  isolated 
ii)  this  paper  are  formed  immediately*  For  instance,  a  basic  substance 
such  as  aniline  must  be  heated  with  sulfmic  add  to  180-190^  for  four  or 
five  hours  before  sulfonation  iscompkte;^  •  On>tii^  other  hand,  when  p-cresol 
and  sulfuric  add  (in  the  molecular  proportions  of  tme  to  two)  are  wanned 
together  to  35^  to  melt  all  p-cresol,  and  the  mixture  rapidly  cocded  in  an 
ice-salt  mixture,  with  vigorous  stirring,  complete  soUdification  occurs 
cU.onag.  A  white  crystalline  mass  is  produced,  which  melts  at  93. 5^ 
and  is  evidently  a  pure  compoimd.  The  reaction  is  here,  so  far  as  can  be 
judged,  instantaneous,  even  at  the  low  temperature  employed. 

This  is  again  in  agreement  with  the  theory  that  the  reaction  is  an  oxon- 
ium  salt  formation  and  ionic  in  its  nature.*  .  The  basic  organic  substance, 
in,  accordance  with  its  unsaturated  nature,  is  the  ionisixig  medium,  and 
an  addition  compound  (for  example,  equimolecular)  is  formed  thus: 
V  V  X)(SOi)OH 

>c-oi  +  H+  +  Hsor :5:±  >c  «  oQ 

The  reaction  represented  in  the  above  equation  is  to  be  regarded  either 
as  the  first  step  in  the  sulfonation  process,  or  as  a  parallel  reaction  consid- 
erably faster  than  the  one  leading  to  the  more  stable  sulfonic  adds.^  In 
the  former  case  the  completion  of  the  process  involves  a  rearrangement 
of  the  molecule  and  the  splitting  oflf  of  water.  Under  the  latter  view, 
dissodation  of  the  addition  compoimd  into  the  original  constituents 
would  take  place  before  sulfonation.  The  reactions  that  occur  would  thus 
he  comparable  with  those  involved  in  the  formation  of  acetamide  by  heat- 
iB|r  ammonium  acetate. 

•  The  results  of  the  investigation  may  be  summarized  in  the  statement 
that  sulfonation  is  preceded  by  the  formation  of  addition  compounds, 

^  If  sulfonatiQii  had  taken  place  a  sulfonic  add  and  water  would  be  present. 
Sutfouc  adds  decompose  on  fusion  and  have  no  definite  melting  points.  The  only 
pOBstbHilir  for  a  constant  point  of  fusion,  if  we  assume  sulfonation,  is  that  the  sulfanic 
acid  ioaas  a  very  stable  hydrate. 

^  Cohen,  PracHcal  Org.  Chem.,  1904,  p.  150. 

^  Kendall,  This  Journal.  36,  1242  (1914). 

*  For  the  suggestion  of  this  second  view  we  are  indebted  to  l^roftssor  Stieglits. 
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of  the  nature  of  oxcmium  salts.  This  reaction  is  %ontc  and  xnsUmtaneous, 
The  addition  compounds  obtained  are  possibly — but  not  necessarily — 
real  iMermediate  products  in  the  formation  of  sulfonic  adds. 

It  will  be  obvious  that  similar  reactions,  such  as  nitration,  may  be  con- 
sidered to  follow  an  exactly  similar  course. 

Nichols  Labohatoriss  of  lircMiaAittc  CiAicnmy, 
Columbia  Univbksity,  Nbw  York  City. 
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SOMB  SALTS  OF  THE  CHLOROACBTIC  ACIDS. 

*        BV  W.  O.  BAXSiCJtt  AlO.  A.  B.  H6st. 
deceived  Octfdbfv  9, 19J  4. 

While  looking  up  constants  in  connection  with  the  regular  work  in  the 
organic  laborat(My,  we  noted  the  paucity  of  information  in  the  literature 
relating  to  the  derivatives  of  the  chloroacetic  adds.  The  work  described 
in  this  paper  was  then  undertaken  to  fill  up,  some  of  the  gaps  encountered. 

CH^l.COtNHi, — The  difficulty  of  obtaining  neutral  ammonium  salts 
of  organic  adds  from  water  solutions  has  many  times  been  mentioned* 
In  the  case  of  chloroacetic  add  this  diffi/culty  is  increased  by  the  fact 
that  both  ammonium  hydrcmde  and  carbonate  ina-eaae  in  aqueous  solu-r 
tions  the  hydrolysis  of  the  add  into  glycollic  add  and  hydrogen  chloride. 
It  was  dedded,  tharefore^  to  pre|>are  this  salt  by  passing  ammonia  into  an 
absolute  alcohol  solution  of  the  add.  This  method  is  the  same  as  that 
employed  by  Keiser  and  McMaster  ^  who  prepared  many  neutral  am* 
monium  salts  by  this  method,  but  whose  papers  did  not  come  to  our  notice 
until  this  work  was  practically  finished. 

Ammonia,  made  by  heating  the  concentrated  hydroxide  and  dried  by 
passing  through  a  high  soda  lime  tower,  was  passed  into  a  solution 
of  monochloroacetic  add  in  absolute  alcohol.  In  a  few  minutes  a  heavy, 
white  predpitate  feU  down  which  was  filtered  off,  washed  with  alcohol, 
in  which  it  was  sparingly  soluble  and  dried  in  a  current  of  air.  The  product 
was  snow  white  and  beautifully  crystalline.  It  is  readily  soluble  in 
water,  to  which  at  first  it  imparts  a  neutral  reaction,  which,  in  a  few  minutes, 
becomes  add,  due  to  hydrolysis.  The  salt  is  also  soluble  in  methyl  al- 
cohol, but  insoluble  in  ether,  benzene  or  chloroform. 

When  heated  in  an  open  dish  ammonium  chloroacetate  volatilizes 
completely  without  charring,  and  giving  off  dense  fumes  like  those  of 
ammonium  chloride. 

The  only  mention  we  find  of  this  salt  is  in  Bdlstein*  who  quotes  Rival* 
as  saying  the  salt  is  **unbestSndig."     Our  product  seemed  quite  stable, 

*  Am,  Chem.  /.,  49,  84  (1913);  This  Journal,  3^,  742  (1914)- 

*  BeUstein,  Ergantb.,  I,  167. 

*  Rival,  Ann.,  la,  504 
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no  changes  being  observed  after  several  months'  standing.  It  is  not 
deliquescent.  In  a  few  samples  a  slight  but  unmistakable  odor  like  that 
of  impure  acetamide  was  perceived.  Chloroacetamide  with  its  unknown 
odorous  companion  might  here  be  formed  in  two  ways:  by  a  slight  amount 
of  chloroacetic  ester  being  formed  and  reacting  with  the  ammonia,  or  by 
a  slight  decomposition  of  the  ammonium  salt  itself. 

Calc.  for  NH4CHtClCC)s:  N,  12.55;  found  (by  Kjeldahl),  12.51. 

CCl^OtNHA. — ^This  salt  was  prepared  hke  the  above,  by  passing  dry 
ammonia  into  an  absolute  alcohol  solution  of  trichloroacetic  add.  No 
precipitate  was  formed;  the  solution  gave  out  so  mtich  beat  that  it  was 
cooled  in  ice  water.  After  passing  the  gas  for  some  minutes,  the  solution 
became  very  viscous.  The  addition  of  ether  gave  no  precipitate,  but 
after  standing  some  days  a  skim  of  crystals  collected  on  the  top.  The 
alcohol  evaporated  away  very  slowly,  suggesting  the  possibility  of  some 
combination  involving  it.  At  the  same  time  the  solution  gave  off  a  most 
agreeable  odor  which  was  found  to  be  due  to  trichloroacetic  ester.  Upon 
gentle  heating  the  alcohol  was  given  off  slowly,  leaving  behind  a  thick, 
odorless  syrup.  When  this  was  stirred  and  briskly  beaten  it  sc^dified 
into  a  mass  of  slightly  moist  white  crystals,  which  were  dried  in  a  desic* 
cator.  The  product  gave  a  neutral  reaction  to  water  solutions,  wliidi 
quickly  became  strongly  add.  It  was  soluble  in  alcohol,  ether  and  ethyl 
acetate.  Careful  heating  in  an  open  dish  caused  complete  vokitilization> 
without  charring,  in  white  fumes  having '-  the  odor  of  the  add.  Upon 
stronger  heating  the  compound  decottvjKises,  gives  off  ammonium  chloride, 
irritating  vapors  of  caribonyl  chloride-  and,  in  addition,  carbon  monoockk. 
No  mention  of  this  salt  was  found,  but  Rival^  describes  the  dihydrate  and 
several  add  compounds. 

Calc.  for  NHiCCUCOst  N,  775;  found  (by  KiddaW),  7.63. 

CM(Cf/2C7(702)i.^jO.^~This  compound  was  formed  by  adding  a  slight 
excess  of  copper  carbonate  to  a  water  and  alcohol  solution  of  chloroacetic 
add.  After  filtering,  the  deep  blue  solution  was  set  aside  to  crystallize. 
Beautiful,  deep  green  crystals  formed,  less  dark  in  hue  than  those  of 
copper  acetate.  These  are  soluble  in  strong  alcohol,  forming  a  bright 
green  solution. 

Calc.  for  Cu(CHiClCOa)a.4HiO  Cu, ;  found,  19.71,  1984;  0.2261  g.  heated  at 

102-105*  for  some  hours  lost  0.0495  g.;  water  calculated  for  above,  22.30%;  found, 
a  1. 91%. 

Cu{CHtClCOt)%  was  prepared  by  dehydrating  the  tetrahydrate,  the 
product  being  a  bright  blue-green  powder.  This  dissolves  in  absolute 
alcohol,  not  so  readily  as  the  hydrate,  giving  a  greenish  blue  solution. 
The  anhydrous  salt  is  also  less  soluble  in  water,  with  which  it  forms  a 
slight,  white  predpitate,  probably  a  basic  salt.  Some  of  this  compound 
*  Lac,  cit. 
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W9S  cuBsoivea  m  auciHioi> ana  Kuy  sBumiia  paasca: in:  - ' :  dm  maonion'  no  sonic 
of  the  white  ammonium  salt,  a  considerable  amount  of  a  deep  blue  ciystei- 
line  substance  was  formed.  This  was  jiidged  to  bd  Cuf(NH,)4(CH,ClC02)i 
by  its  Tedemblance  'to  analogous  cotnpomids,  -  but  .the  sampla  wad  lost 
duriiitg  ahaJ^^.  .       , 

CaJ^,;fof  Cu((CHia.COi)t:  Cu,  .25^ ;  found*  ^.464  . 

In  an  attempt'  to  prepare  an  additibn  producti  of  ^pper  ehlc^oacetate 
and  phenyttiydraxine,  thC'  two.  sptte  brought  together  in  alcohol.  -A 
very  vigorous  xeaction  loocurred  in  the  coU.  Cuprous  okide  was  pre- 
cipitated and  nitrogen  evolved  in  large  quantities.  At  the  same  time, 
a  substance  having  a  most  ii^rtieable  spicy  oddr  was  formed.  Cop^ 
acetate  is  reduced  in  hot  sections  by  hydrazines  in-  a>  sbnilar  fashion,^ 
but  the  halogen  substituted  salt  i$  mudt  more  energetic.  We  hope  to 
investigate  tUs  reaction  f  nrthen  ' 

Zn{CH^lCOth-^H^. — Prepared  in  the  same  way  as  the  preceding^. 
This  compound  formed  in  fan  shaped  clusters  of  large  almost  transpiarent 
crystals.  These  were  very  deliqueBcentj  being  ivet  after  standing  over 
cpnceotral^  sulfuric  acid.  Diifipg  this  drying  .tb^i  gryf^ls.qh^pged 
form,  and  appearance,  becoming  3fialler  and.  white.  Analysis  of  the 
higher  hydrate  were  unsatisfactory,  but  indicated  the  tetrahydrate. 
Calo.  for  Zq(CH|aC08)».2HaO:  Zn,  22.66;  found,  23.  « 

P6(C//iC/C0t)t.— Prepared  by  heating  together  equivalent  quantities 
of  pure  Htbarge  and  the  acid  in  water  soluticm.  Upon  cooling  the  solution 
the  salt  crystallized  out  in  fine,  white,  prismatic  plates.  Both  salt  and 
solutions  have  a  sweet  taste.  The  salt  is  sparingly  soluble  in  cold  water, 
much  more  soluble  in  hot. 

Calc:  Pb,  52.55;  found,  52.73. 

Mn{CHiPlC0z)^H^lC0Jt{,4H^.—Wien  water  solutions  of  mono^ 
chloroacetic  acid  were  treated  with  manganese  carbonate,  it  was  fotmd 
impossible  to  neutralize  the  solution.  Even  when  cold  some  black, 
hydrated  manganese  dioxide  always  formed,  the  quantity  of  which  was 
increased  by  heating.  Both  hot  and  cold  solutions  after  filtering  and  evap- 
orating gave  crops  of  transparent  crystals  having  no  trace  of  color.  Upon 
drying  these  became  pure  white  and  microcrystalline.  Solutions  of  this 
were  rather  strongly  acid,  and  even  the  moist  salt  had  an  acid  odor. 
Calc:  Mn,  13.46;  found,  13.51. 

SUghtly  soluble  in  cold  alcohol  and  ether.    Soluble  in  acetic  ester. 

Mn{CHiClC0t)iCHiPlC0tH.2H^.— When  the  tetrahydrate  was  heated 
for  some  time  below  105°  it  readily  lost  two  molecules  of  water,  became 
somewhat  more  bulky  and  rather  fluffy  in  appearance.    A  very  little 

^Tafel,  Ber.,  25,  413  (1892);  Gatterman,  J6kmson  and  H6lzle,  Ibid.,  25,  107s 
(1892). 
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add  was  given  off  during  the  heating  and  the  faintest  tinge  of  pink  ookx 
was  noted. 

Cak.:  H^,  6.81;  Mn,  154(1;  fcmnd,  8.05,  15.33. 

When  the  dihydrate  or  tetrahydrate  were  heated  much  above  105*" 
water  was  given  off  very  slowly,  but  the  amount  of  add  volatilized  was 
mudi  increased.  The  residue  acquired  the  familiar  pink  color  of  normal 
manganous  salts.  Neither  the  anhydrous  add  nor  the  normal  salt  could 
be  secured  in  this  way,  since  decomposition  occurred  on  stronger  heating 
with  the  darkening  of  the  residue  due  to  the  formation  of  manganese 
dio3dde. 

When  the  add  tetrahydrate  is  dissolved  in  hot  alcohol,  there  is  pre- 
dpitated,  upon  cooling,  a  very  bulky  white  crystalline  mass,  which  is; 
freed  from  the  solvent  with  oonsiderable  difficulty.  As  the  alcohol  evap-^ 
orates  away  the  compound  shrinks  in  bulk,  and  has  the  same  appearance 
when  dry  as  the  hydrate  described  above,  looking  much  like  purified 
cellulose.  Analysis  showed  it  to  be  the  same  compound. 
Cak.:  Mn,  15.51;  fou&d,  15-17* 

The  compound  lost  water  and  add  by  prcdonged  drying  or  gentk  heatings 

Ni{CH2ClCOi)t.3H^. — Obtained  by  treating  water  solutions  of  the 
add  with  nickel  carbonate.  The  deep  green  solutions  upon  evaporation, 
gave  only  thick,  green  syrups,  which  did  not  crystallize  upon  seeding 
with  a  Crystal  of  nickel  acetate,  or  by  treating  with  alcohol  or  ether^ 
Finally,  heated  on  the  water  bath,  both  solutions  became  very  viscous^, 
and,  after  standing  some  time  in  a  desiccator,  gave  apple-green  crjrstals^ 
Calc:  Ni,  19.61;  found,  19.37. 

CtHt^NHNH2{CHtCtC02H)2— formed  by  bringing  together  the  proper 
quantities  of  phenylhydrazine  and  add  in  absolute  alcohol.  The  com- 
pound formed  in  heaVy,  white,  needle-like  crystals,  which  were  filtered, 
washed  with  alcohol  and  dried.  They  had  a  faint  odor  of  the  hydrazine^ 
which  increased  on  standing  showing  the  salt  to  be  unstable.  Soluble  in 
water. 

Calc:  N,  9.43;  found,  9.50. 

In  the  same  way  finely  crystalline  salts  of  this  add  with  aniline  and 
f-toluidine  were  obtained,  but  not  with  methyl  and  ethyl  substituted 
aniUne,  diphenylamine  or  salts  of  hydroxylamine.  When  methylbenzyl 
aniline  was  treated  with  chloroacetic  add,  benzaldehyde  was  formed. 

CO(A^H,)2CH2nC0aH.C2//BOH.— Equivalent  quantities  of  pure  urea 
and  monochloroacetic  add  were  brought  together  in  absolute  alcohol. 
Upon  evaporation  very  large,  leafy,  transparent  crystals  were  formed, 
having  a  high  luster.  These  upon  standing  constantly  smelled  of  alcohol, 
which  was  given  tiff,  until  the  crystals  fell  into  a  fine,  white  crystalline 
powder,  evidently  the  anhydrous  salt.     Both  crystals  and  powder  ar^ 
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very  soiubie  m  water,  whidi,  however,  hydrolyxes  the  tombmatibn  to 
some  extent,  since  urea  crystals  form  before  the  salt  itself  separates  out. 
Calc:  N,  13.67;  found,  15.60. 

Basic  Iron  and  Chromium  Compounds. — ^No  definite  coHipounds  were 
obtained  by  treating  ferric  and  chromic  hydroxides  with  water  solutions 
of  chloroacetic  add.  The  normal  ferric  salt  appears  to  hydrolyze  very 
easily,  since  even  in  cold  solutions  the  iron  is  practically  all  removed  by 
precipitating  as  a  mixture  of  the  basic  salts.  A  solution  containing  the 
chromic  salt  was  strongly  dichromatic,  green  and  purple;  upon  evaporation 
crystals  of  pure  monochloroacetic  add  were  deposited.  Later  a  pale 
green  crystalline  substance  separated  out  and  appeiored  ta  be  a  hydrate 
of  Cr(CHsClCO)sOH  mixed  with  a  small  amount  of  some  salt  more  basic. 

All  of  these  salts,  when  treated  in  solution  with  silver  nitrate,  in  no  case 
gave  more  than  a  very  slight  opalescence. 

None  of  the  above  salts  are  found  mentioned  in  available  literature. 

A  number  of  other  compounds  have  been  prepared  and  work  is  in  prog- 
ress upon  still  others. 

M1M0UI.A,  Mont. 


[Contribution  from  thb  Essbntial  Oils  Laboratory,  Burbatj  of  Chhhistrv, 
u.s.  dspartmbnt  of  agriculture.] 

THE  RESOLUTION  OF  ASCARTOOLIC  ACID. 

By  B.  K.  Nbuon. 
Received  October  13.  1914. 

Ascaridolic  add,^  possessing  the  structure  of  a  1,4-dneolic  add,  should, 
like  ordinary  d  +  /  dneolic  add,  be  a  racemic  compound. 

Attempts  to  effect  its  resolution  by  means  of  its  brudne  or  strychnine 
salt  resulted  in  failure.  With  the  dnchonidine  salt,  however,  little  diffi- 
culty was  experienced. 

Twenty  grams  of  ascaridolic  add  were  dissolved  in  2500  cc.  of  hot  water 
and  27  g.  of  powdered  dnchonidine  were  gradually  added  while  boihng 
and  stirring.  On  cooling,  a  salt  separated  in  the  form  of  fine,  silky' needles, 
which,  filtered,  washed  with  a  little  water  and  dried,  weighed  19  g.,  cor- 
responding to  8  g.  of  the  original  add.  The  mother  liquors  and  washings 
were  concentrated  at  a  low  temperature  (not  over  40^)  and  the  salt  sep- 
arated was  fractionally  crystallized  until  it  was  fairly  free  from  the  diflS- 
cultly  soluble  salt. 

The  dnchonidine  salt  of  the  add  was  thus  separated  into  a  slightly 
soluble  and  a  readily  soluble  salt.  These  salts,  dissolved  in  warm  water 
and  decomposed  with  an  excess  of  dilute  hydfochloric  add,  yielded  the 
corresponding  adds,  both  of  which,  after  purifying  by  repeated  crystalliza- 
tion, were  obtained  in  well  formed  prisms. 

*  E.  K.  Nelson,  This  Journal,  33»  1410  (1911).  S5i  .^9  (1913)- 
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The  less  soluble  salt  yielded  d^ascaridolic  add.  * 2. 0545  .g«  made  up 
to  25  GC.  solutioin  in  chlonrfonn  at  24^  in  200  mm.  tube  »  2.29^  to  the 
right.     [a]j,  =  +  13.93°,  melting  point  I29-J30^ 
. ;  The  more  readily  soloble  salt  yielded  the  ^ascaridolic  acid«  which  also 
anelts  at  125^130®. 

2-0431  g*  made  up  to  ^5  cc.  solution  in  chloroform,  at  24°  in  200  vam. 
tube  =  2.25^  to  the  left, 

,    [ojId  ^  — 13.77 ^  .    . 

W4wn«QxpH.  XX  C.  .       , 


OPTICAL  SOTATORY  POWER  AND  CHEMICAL  CONSTITUTION. 

By  h*  G.  WsssoN.  , 
.   Received  October  19,  1914. 

Pickard  and  Kenyon,  in  a  series  of  valuable  investigiations  on  the  "De- 
pen4ence  pf  Rptatory  Power  qn  Chemical  Constitution/'^  ha.ve  determined 
the  molecular  rotatory  power  of  over  loo  closely  related  compounds. 
The  list  includes  methyl  ethyl  carbinol  and  its  homologs  up  to  the  ethyl 
tridecyl  member,  isopropyl  methyl  carbinol  and  its  homolpgs  up  to  the 
isopropyl  decyl  member,  and  the  esters  of  the  methyl  carbinol  series  with 
the  homologous  n-aliphatic  adds  from  acetic  up  to  dodecoic,  myristic, 
palmitic  and  stearic  adds. 

From  the^e  experiment^  results,  whjch  are  to  be  made  the  basis  of  the 
present  paper,  Pickard  and  Itenyon  derive  an  hypothesis'  which  is  "based 
merely  on  a  consideration  of  the  spax:e  occupied  by  the  four  groups  at- 
tached to  the  asymmetric  carbon  atom"  and  ''appears  to  explain  the  re* 
suits  obtained  for  the  three  series  of  carbinols,  as  well  as  those  obtained 
for  eight  series  of  simple  esters  derived  from  the  'methyl'  series  of  car- 
binols." 

"In  a  homologous  series  of  optically  active  compoimds  represented  by 
Cabcd,  the  usual  effect  of  increasing  the  size  of  d  (representing  the  grow- 
ing chain)  is  to  alter  in  a  regular  manner  (usually  to  increase)  the  molecu- 
lar rotary  power  of  the  compounds." 

"When  the  groups  (or  atoms)  represented  by  a,  b,  and  c  occupy  a  rela- 
tively small  space,  as,  for  example,  in  the  'methyl*  series  of  carbinols, 
CH«.CH(OH).R,  the  values  of  the  molecular  rotary  powers  of  the  homo- 
geneous compounds  increase  regularly  with  the  increasing  size  of  the  chain, 
and  only  in  solution  are  affected  by  the  peculiar  configuration  of  the  chain, 
when  this  returns  upon  itself." 

"When,  however,  the  space  occupied  by  the  groups  (or  atoms)  a,  b 

>  Part  I,  /.  Chem,  Soc.,  99,  45  (19x1);  Part  II,  Ibid,,  loi,  620  (1912);  Part  III, 

Ibid.t  I0Z|  1427  (1912);  Part  IV,  Ibid.,  1031  1923  (1913);  Part  V,  Ibid.,  10$,  830  (1914); 

also,  Ber.,  45,  1892  (1912);  Chem.  News,  xo8,  163  (1913);  and  Trans.  Faraday  Soc., 

1914  (C.  A.,  8,  2339). 

*  Part  IV,  /.  Chem.  Soc.,  103,  1930  (1913). 
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and  c  is  lai]Ker,  the  increase  in  molecular  rotatory  power  may  become 
less  regular  as  d  increases  in  size;  either  (i)  it  may  be  specially  affected, 
when  the  chain  returns  on  itself,  as  in  the  'ethyl'  series,  CtHs.CH(OH).R, 
or  (2)  there  may  be  a  relatively  lai^e  increase  until  d  contains  five  carbon 
atoms  with  an  increase  of  a  much  smaller  order  beyond;  as,  for  example, 
in  a  series  of  esters,  such  as  those  of  secondary  octyl  alcohol  with  normal 
aliphatic  adds,  in  which  there  is  a  large  increase  in  the  value  of  the  molecu* 
lar  rotatory  power  for  each  member  of  the  series  up  to  the  normal  valerate, 
and  a  still  further,  but  relatively  much  smaller,  increase  for  each  member 
from  the  valerate  to  the  palmitate;  or  (3)  when  the  space  occupied  by  the 
groups  a,  b  and  c  is  still  greater,  an  'approximate  maximum'  is  reached 
when  the  growing  chain  contains  fewer  than  five  carbon  atoms;  as,  for 
example,  for  the  carbinols  of  the  isopropyl  series,  CH(CHi)i.CH(OH).R 
(when  these  are  examined  in  the  homogeneous  state),  and  in  a  series  of 
n-dodecoates  of  the  'methyl'  carbinols,  R.CH(OCO.CiiHn).CHs,  in  both 
of  which  the  values  of  the  molecular  rotatory  power  increases  rapidly 
up  to  that  for  the  member  with  R  containing  four  carbon  atoms  with  a 
much  smaller  increment  for  the  higher  members." 

In  brief,  the  differences  between  the  curves  for  the  various  series  are 
ascribed  by  Pickard  and  Kenyon  to  the  differences  in  the  amotmt  of  space 
occupied  by  the  atoms  or  groups  other  than  the  growing  chain,  as  well 
as  that  occupied  by  the  growing  chain  itself. 

P.  P.  Frankland,  to  whom  so  much  is  due  in  the  field  of  optical  activity, 
expressed  an  opinion  very  similar  to  the  above  in  19 12.* 

"It  might  aJt  first  sight  be  supposed,"  says  Frankland,  "that  if  such 
steric  interference  (in  compotmds  with  a  chain  of  5  carbon  atoms  attached 
to  the  asymmetric  one^)  were  the  cause  of  this  limitation  (in  the  increase 
or  decrease  of  the  molecular  rotatory  power),  the  maximum  or  constant 
molecular  rotation  should  always  occur  at  the  same  term  in  all  homof^ 
ogous  series.  This,  however,  is  not  found  to  be  the  case,  and  it  would 
appear  probable  that  the  term  at  which  such  interference  occiu-s  will  de- 
pend, not  only  on  the  length  of  what  may  be  called  the  homologous  chain 
itself,  but  also  on  the  other  groups,  which  are  present  in  the  molecule, 
and  which  may  themselves  interfere  with  the  normal  development  of  the 
homologous  chain.  ♦  ♦  ♦  ♦  Mord  recently,  Pickard  and  Kenyon 
have  prepared  a  similar  homologous  series  from  isopropyl  carbinol,  and 
in  tins  it  might  be  anticipated  that  the  isopropyl  group  should  give  rise 
to  more  interference  than  the  methyl  group  in  the  previous  series." 

The  writer  believes  that  these  phenomena,  explained  by  Pickard  and 

^  Presidential  address,  /.  Chem.  Soc,  zoi,  654  (1912). 

*  Frankland  early  recognized  the  special  influence  of  carbon  chains  with  5  (or  6) 
and  9  (or  10)  carbon  atoms  in  phenomena  of  optical  activity.  See  /.  Ckem,  Soc,  75, 
368  (1899). 
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Kenyon  and  by  Frankland  on  tne  basis  of  the  space  occupied  by  the  groups 
attached  to  the  as3rmmetric  atom  and  their  interfering  influence  upon 
each  other,  should  rather  be  ascribed  to  another  factor,  namely,  the  at-^ 
tractive  forces  exerted  by  the  groups  upon  the  asymmetric  atom.^ 

If  these  tables  and  curves,  compiled  from  Pickard  and  Kenyon's  experi- 
mental work,  be  examined,  the  following  significant  facts  will  be  ob- 
served: 

I.  The  molecular  rotation  of  the  series  of  ethyl  carbinols  (Table  I  and 
Fig.  i)  has  a  smaller  value  throughout  than  has  that  of  the  methyl  series, 
while  both  the  methyl  and  ethyl  series  have  smaller  values  than  the  iso- 
propyl  series. 
Tabls  I.— MousctTtAA  Rotatory  Powsrs  of  run  Normal  Sscondary  Alcobolb.* 

In  Uie  bomosaaeout  state.       Diaiolved  in  cUijl  flooliol.* 
i^iS'  Methyl.*    Ethyl.* 

Methyl o**    10.30° 

EthyL 10.3  o 

»-Propyl 12. 1        2.01 

w-Butyl 1 1. 8        9.43 

»-Amyl w  .0       10.69 

n-Hexyl 12.7       10.63 

n-Hcptyl 12.9      10.58 

n-Octyl 13.7       10.74 

n-Nonyl 14.0      11.09 

n-Decyl 14.5       12.44 

w-Undecyl 14.4      12.56 

if-Dodecyl 12.61 

»-Tridecyl 12.38 

n-Pentadecyl 12 .88 

>  The  attention  of  the  writer  has  been  recently  called  to  a  significant  sentence  by 
Michael,  Ber.,  34,  3647  (1901);  /.  prakt,  Chem.,  [2]  75,  117  (1907),  in  whidi  he  states 
that  carbon  asyfnmetry  is  to  be  considered  the  result  of  the  chemical-mcchaaical  in- 
fhience  or  tension  of  fotu*  unequal  forces  on  an  atom,  rather  than  a  purely  chemical 
effect. 

Doubtless  the  idea  that  optical  activity  may  be  due  to  differences  of  forces  of 
attraction  for  the  asymmetric  atom  has  also  occurred  to  others. 
A  little  different  are  the  theories  of  Baly  and  Winther. 

Baly,  Z.  EUctrockem.,  17,  211  (191 1),  believes  that  optical  activity  is  due  to  the 
as3rmmetric  field  caused  by  the  merging  of  the  lines  of  force  from  the  residual  affinities 
of  the  groups  about  the  asymmetric  atom. 

Winther,  Z.  physik.  Chem.,  60,  590,  641.  756  (1907),  claims  that  every  diange  in 
the  optical  rotation  of  a  substance  is  connected  as  effect  to  cause  with  a  vc^ume  change, 
and  every  voltmie  change,  due  entirely  and  solely  to  a  pressure  change  (totemal  or 
external)  is  accompanied  by  a  proportional  change  in  the  optical  rotation. 

^  In  Pigs.  I  and  2  which  represent  the  table,  the  curves  have  been  drawn  to  show 
only  the  variations  common  to  both  the  homogeneous  and  dissolved  states. 
'  Pickard  and  Kenyon,  /.  Chem.  Soc,  99,  49  (191 1). 
« Ibid.,  X03,  1925  (19x3). 
*  Ibid.,  xox,  624  (1912). 
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Tablb  II.— Mouk»jlar 


Rotatory  Pows»5  oi^  ths  Estsrs  op  thb  Mbthyl 
Carbinols.^ 

{Jkf]^^  of  theater  of 


Me.  eClnrl 
carbfaiof. 

Acetate 29.70" 

Propionate 31.00 

Butyrate 31-63 

Valerate 32.74 

Hexoate 32.10 

Heptoate 32 .31 

Octoate. 39*38 

Nonoate 33.17 

Undecoate 33.48 

Dodecoate 33.48 

Msrristate 32.21 

Palmitate 31-99 

Stearate 31-93 


Me. 
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carbiiiol. 
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Carbon  atbms  ingroi^in^  chain — ^ 

*  Pickard  and  Kenyon,  /.  Chem,  Soc,  IQ5,  831  (1914)- 
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2.  In  the  ethyl  series  of  carbinols  there  are  fotind  exattations  in  the  curve 
at  the  points  at  which  the  growing  chain  contains  5  or  lo  carbon  atoms, 
and  is  therefore  of  the  most  favorable  length  to  return  upon  itself  toward 
the  asymmetric  atom.  This  exaltation  for  the  ethyl  carbinols  is  much 
more  pronounced  when  the  rotatory  power  is  measured  upon  the  solu- 
tion of  the  carbinols  (Fig.  2),  and  solution  has  been  found  in  general  to 
bring  out  and  magnify  such  eflfects.^ 
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Carbon  atoms  in  growing  chain  -^-'—^ 

In  the  methyl  series  such  an  exaltation  cannot  be  detected  at  the  points 
5  and  9i  or  10,  until  the  carbinols  are  dissolved,  while  in  the  isopropyl 
series  even  solution  is  not  sufficient  to  bring  out  a  corresponding  exaltation. 

3,  In  the  curves  of  the  esters  (Table  II  and  Fig.  3),  if  the  acid  is  kept 
constant  in  each  ciu^e  and  the  alkyl  radical  gradually  increases,  an  exalta- 
tion is  found  when  the  alkyl  group  contains  5  carbon  atoms. 

In  the  corresponding  ciuves  in  which  the  alkyl  radical  is  kept  constant 

^Frankland,  /.  Chem.  Soc.,  ipi,  660  (1912);  Pickard  and  Kenyon,  Ibid,,  103, 
1928  (1913). 
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in  each  curve  and  the  length  of  the  add  chain  gradually  increases  (Table 
II  and  Fig  4),  an  exaltation  is  found  when  the  add  cpntains  4  and  5  car- 
bon atoms. 

4.  In  all  of  these  series  of  curves,  the  exaltations  become,  in  general^ 
less  marked  as  the  value  (rf  the  molecular  rotatory  power  increases 
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"      COrbdniObms  in  chaih  offif ^ 

According  to  ihe  hypothesis  supported  in  this  paper  these  regularities 
are  to  be  accounted  for  by  the  following  considerations: 

t.  The  alkyl  radicab  in  general,  as  is  shown  by  their  diemical  behavior  (e . 
g.,  dissodation  constants  of  the  aliphatic  adds)  in  a  number  of  various 
t)rpes  of  compounds,  experience  a  much  sharper  transition  in  propertied 
as  one  passes  from  the  methyl  to  ethyl  than  from  the  ethyl  to  propyl 
group,  likewise  a  greater  transition  occurs  from  ethyl  to  propyl  than  frotn 
propyl  to  butyl,  and  so  on. 

One  of  the  properties,  which  thus  changes,  is  the  positivity  of  the  alkyl 

radical^  toward  such  a  group  as  for  example — CRHOH  of  the  optically 

» Michael,  /.  ^akt,  Chem.,  [2]  60,  286  and  409  (1899);  Ober  einige  Gesetse  und 

deren  Anwendung  in  der  organischen  Ckemie.    See  espedally  p.  432  in  this  connection. 
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exert  upon  the  cential  carbon  atom  of  this  group  an  attractive  force  which 
will  differ  more  from  that  of  an  ethyl  group  than  would  an  ethyl  and  iso- 
propyl  group  when  compared  in  the  same  way.  Propyl  and  butyl  like- 
wise differ,  but  to  a  less  extent  than  do  ethyl  and  propyl.  As  the  alkyl 
radical  increases  in  length,  the  differences  between  the  relative  positivity 
of  the  successive  homologs  decreases.  Similarly,  between » a  normal 
alkyl  radical  such  as  propyl  and  a  branched  one  as  isopropyl,  a  still  greater 
difference  of  attractive  force  would  be  expected.* 
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atom  which  happens  to  be  adjacent  to  the  asyinmetnc  one.  Thus  all  of 
the  atoms  perform  their  share  to  a  degree  which  depends  tipotn  their  posi^' 
tion  in  the  molecule.^  This  effect  may  be  exerted  through  other  atoms 
or  through  space,  the  combined  influence  in  alkyl  radicals  decreasing 
in  the  order  2-3-5-6-4-7-(9-io-ii)-8. 

The  atoms  5  and  6  owe  their  unexpectedly  great  influence  to  the  fact 
that  they  occupy  a  position  in  which  they  ai?e  able  to  approach  compara- 
tively near  atom  i  as  the  growing  chain  in  its  natural  configuration  re- 
tiuns  upon  itself.  This  sudden  increase  of  attractive  force  is  necessarily 
small  in  comparison  with  the  total  force  exerted  by  the  group  for  the 
•asymmetric  atom,  yet  if  two  of  the  groups  are  nearly  equal  this  change 
may  be  quite  appreciable  in  comparison  with  the  already  existing  differ- 
■ence,  and,  as  in  the  ethyl  series,  quite  an  appreciable  exaltation  in  the  rota- 
tory power  may  be  observed  at  thts  point. 

In  the  methyl  series^  where  the  difference  between  the  attractive  forces 
of  the  two  alkyl  groups  is  greater,  the  sudden  increase  due  to  the  elose 
approach  of  atom  5  to  the  asymmetric  atom  is  much  smaller  in  compari-*' 
son  with  the  already  existing  difference.  The  effect  of  this  secondary 
influence  on  the  optiic^  activity  i9)tb^efore  so  small  tl^at  it  is  observable 
only  when  the  carbinols  are  in  a  dissolved  condition. 

The  difference  between  the  alkyl  groups  is  already  so  great  in  the  iso-; 
propyl  series  that  no  appreciably  effect  is  product  on  their  relative 
values  by  the  return, of  Uie  alkyl  chain,  upoa  itself,. and,  as  would  be  ex- 
l)ected,  no  exaltation  can  be  observfsd  at  this  point  .i^  the  case  ol  the 
isopropyl  series,  even  if  the  measurements  are  .madfs  ^pon  tb^  dissplve^ 
^substance. 

3.  Similar  considerations  are  s^plica^le  in  the  case  of  tbe  esters  of 
the  carbinol.  The  return  of  th^  chain  upon  itself  pro4uces  an  additional 
attraction  of  the  whole  group  for  the  asymmetric  a(om,  and,  therefore,  a^ 
point  of  inflection  in  the  rate  of  change  of  the  optical  activity. 

If,  as  in  Pig.  3,  the  normal  alkyl  group  united  to  the  asymmetric  atom 
is  gradually  increased,  in  size,  an  exaltation  is  found  at  the  point  corre- 
sponding to  a  chain  of  five  carbon  atoms,  whereas,  if  the  acyl  group  is 
*similarly  lengthened,  an  exaltation  is  found  when  the  total  chain  united 
to  the  asymmetric  atom  consists  of  one  oxygen  and  four  or  five  carbon 
atoms. 

4.  If  optical  activity  is  dependent,  as  claimed,  upon  differences  in  the 
attractive  forces  exerted  by  the  atoms  or  groups  for  the  asymmetric 
atom,  the  smaller  the  difference  between  two  of  the  groups,  other  differ- 
■ences  being  constant  or  practically  so,  the  smaller  will  be  the  optical 

^Michael,  Loc,  cU.,  pp.  531  and  335.  Tms  Journal,  34,  849  (1912).  The 
literature  contains  many  investigations  which  demonstrate  the  marked  influence  of  the 
position  of  substituents  on  optical  activity.     See,  e,  g.,  Rupe,  Ann.,  369,  31 1  (1909). 
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rotatory  power.  Thus,  the  smaller  the  rotatory  power,  the  greater  would 
be  the  expected  effect  upon  this  by  a  given  small  change  in  the  difference 
between  the  attractive  forces  of  these  two  almost  equal  groups.  The 
observed  facts  indicate  it  to  be  a  general  rule  that  as  the  molecular  rota- 
tory power  decreases  in  a  group  of  curves  the  exaltations  or.other  uni* 
form  deviations  become  increasingly  large. 

Product  of  Asymmetry. 

The  data  at  hand  are  not  sufficient  to  indicate  whether  or  not  the  molecu- 
lar rotatory  power  is  a  function  of  the  product  obtained  by  multiplying 
together  the  differences  between  the  attractive  forces  exerted  by  the  four 
atoms  or  groups  upon  the  asymmetric  atom;  that  is, 

F  (A-B)  (A-C)  (A-D)  (B-C)  (B-D)  (C-D) 

As  each  atom  or  group  affects  the  character  (positivity)  of  the  asynunetiic 
atom,  it  is  likely  that  a  given  atom  or  gnoup  would  possess  no  constant 
Yaixtt  in  this  relation  even  when  very  similar  compounds  ate  oompazed. 
It:  is.  therefore  notat  all  surprising  that. repeated  attempts  to  derive  oon*- 
stadta  f(»r  the  various  radicals  and  atoms  have  not  met  with  sdccess.^ 
Effett  of  Mass  on  O^tteal  Actltity. 
That  the  mass  of  an  atom  or  a  group  unfted  to  the  asymmetric  atom  may 
be  of  some  significance  ih  detiermming  its  effect  tipon  the  optical  activity 
dCiiht  molecule  is  hot  excRided  by  the  theory  of  attractive  forces.  At 
th^  best,  however,  the  ^ict  of  mass  seems  to  Idc  only  auxiliary  to  the: 
lirgei*  oiie  bjF  relative  atiractioiife.  Examples  of  this  are  familiM*  in  the 
litferktufeojf'opitidtfaetivfty."  <  '   -     :•  . 

]"A  possible  mode  may  be  suggested  here  by  which  the  asymmetry  of 
thi/' attractive  fofirtes' exerted  upon  an  asymmetric  atom  may  be  ton- 
iei^d  to  1^'cbnnected  with  its  effect  upoil  the  plane  of  ik)larl2ation  of 
light.       ^      ■•--.'..-.,•  '«  

'  If;  in  a  syriim^trical  molecule  of  the  type  Ma  abc  sl,  plane  were  passed 
through  atoms  At,  6  and  c,  the  atoms  d'and  a  would  be  symmetrically 
situated  with  respect  to  the  plane  Afb  t.  The  atoms  in  a  iholecule,  ia 
their  bscillations  toward  and  away  from  each  other  must  move  in  paths 
which  exjpress  the  resultant  of  all  the  forces  whith  are  exerted  upon  them. 
Therefore,  in  a  molecule  of  the  tjrpe  M aabc,  one  can  be  certain  that  the 
path  described  by  M  will  either  lie  in  the  plane  Mbc,  or,  if  it  does  not  do 
this,  it  will,  as  a  and  d  are  alike,  lie  on  llie  average  or  the  siemie  extent 

>  Compare  this  product  with  a,  the  product  based  on  asymmetry  of  mass;  Cnmi 
BroWn,  Proc.  Roc.  Soc.  Edinb.,  17,  x8i  (1890);  Ph.  Guye,  Compt.  rend,,  xio,  714  (1890); 
h,  the  product  based  on  empirical  constants  for  various  atoms  and  radicals;  Bose  and 
WiUers,  Z.  ^ysik»  Chem.,  65,  695  and  7<»  (1909);  Walker,  /.  Pkys.  Cfcosi..  13,  574 
(i909)» 


Digitized  by 


Google 


OPTICAL  ROTATORY  POWER  AND  (^EMICAL  CX>NSTlTUTlON.        255 1 

on  one  side  of  this  pkae  in  one  halt  of  the  tot^l  number  of  mokculcid  as 
it  does*  on  the  other  side  of  the  other  half. 

In  an  ajsymmetric  molecule,  however,  repr^ented  by  M  abed,  the  path 
-of  Af  would  not  be  expected  to  average  the  ^me  in  one 
<lirection  in  one-half  of  the  total  number  of  molecules  as 
it  does  in  the  other  direction  in  the  other  half,  unless  an 


•equal  number  of  the  stereo-chemically  opposite  molecules        ^^ 


^rv 


Vfb 

c 


\J 


M  bacd  be  present  with  the  molecules  Mabcd, 

To  the  mean  asymmetric  path  taken  by  the  asymmet- 
ric atom  (carrying  an  electric  or  magnetic  field)  ^  is  as- 
<cribed  the  optical  rotatory  power  of  the  as3rmnietrac  mole- 
cule. Any  influence  which  increases  the  effective  asym- 
metry of  this  orbit  will,  according  to  this  hypothesis,  increase  the  ob- 
:served  molecular  rotatory  power  of  the  substance. 

A  theory  which  attempts  to  point  out  the  cause  of  the  phenomenon  of 
<q)tical  activity  must  fulfill  at  least  this  important  condition — ^it  must  ac- 
count for  an  asymmetry  such  that  polarized  light  passing  through  the 
mcdecules  of  an  active  substance  in  one  direction  is  affected  to  a  greater 
•degree  than  in  the  other.  The  postulate  just  described  of  the  asymmetrip* 
4dly  moving  atom  answers  this  requirement  in  the  foUowii^  way; 

\^t  the  motion  of  the  asymmetric  atom  be  simpUfijed  at  any  given  in* 
^tant)  and  during  the  time  required  for  the  passagie  of  a  light  wave  through 
the  space  under  its  influence,  to  the  f c^m  of  a  portion  of  a  heUx,  fl^e  whole 
lielix,  of  which  this  is  a  portion,  representing  not  the  actual  path  of  the 
4tom,  but  rather  a  basis  on  which  the  portion  may  be  considered  in  com- 
parisoix  with  the  asyn[unetric  atoms  of  the  other  molecules.' 

Consider  an  active  substance  which  has  been  completely  resolved  intp 
its  optically  opposite  components,  and  which,  therefore,  contains  only  those 
molecules  possessing  one  of  the  two  possible  optical  configurations. 
At  any  instant,  the  asymmetric  atom»  M,  is  moving  in  one-half  the  total 
number  of  molecules  in  one  general  direction,  e.  g.,  toward  atom  d,  with 
a  motion  whose  resultant  toward  d  will  require  a  mean  of  s  turns  and  time  / 
for  completion.  In  the  other  half,  the  motion  of  M  in  the  same  instant 
is  away  from  atom  d,  and  is  represented  by  turns  s'  and  time  t\  Of 
the  first,  one-half  of  the  molecules  will  face  in  one  general  direction  and 
the  general  direction  of  the  propagation  of  the  light  will  coincide  with  that 

^  See  especially,  in  this  connection,  P.  de  Heen,  BvU.  Acad*  ray,  Bdgjique,  Classe 
des  Sciences,  19131  p.  680;  Chem.  Zentr,,  1914, 1,  599. 

'  The  whole  motion  of  the  asymmetric  atom  may,  perhaps,  according  to  this  con- 
ception, be  described  as  foHowing  a  curved  orbit  with  a  simultaneous  forward  motion, 
the  axis  of  the  orbit  at  the  same  time  turning  eventually  toward  every  conceivable 
direction.  The  familiar  wound  ball  of  twine  furnishes  a  homely  illustration  of  this 
path.  The  harmonic  motions  finally  run  their  course,  the  atom  arrives  again  at  its 
starting  point,  and  is  ready  to  repeat  its  complex  revolution. 
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of  the  motion  of  M.  In  the  other  hjtlf  of  this  group,  the  light  and  atom 
will  be  moving  in  opposite  directions,  and,  as  the  light  must  occupy  a 
finite  time  in  its  passage  through  the  field  of  influence  of  M,  the  effect  of 
M  on  the  light  will  be  greater  in  those  molecules  in  which  the  two  direc- 
tions coincide  than  can  be  compensated  for  by  the  equal  number  of  mole* 
cules  facing  in  the  opposite  direction  in  which  the  light  and  the  atom 
approach  each  other  and  pass,  but  do  not  move  together.  Thus,  for  the 
molecules  in  which  M  is  in  motion  U/ward  d,  there  will  be  a  resultant  un- 
compensated effect  upon  the  light. 

The  same  holds  true  in  a  similar  way  for  the  molecules  in  which  M  is. 
in  piotion  away  from  d,  but  the  effect  which  is  caused  by  an  atomic- 
motion  represented  by  s'  turns  and  time  i'  will  be  different  in  amount 
from.' that  caused  by  the  first  group.  'Pfaus  a  net  rotation  will  be  obi- 
served  upon  the  emergent  Ughit.^ 

Cofldushm. 

The  hypothesis  here  presented  was  worked  out  by  the  author  in  1912^ 
At  that  time  no  mention  xx)uld  be  found  that  such  an  h3rpothesis  had 
evier^  beto  suggested  to  a;ccount  for  the  phenomena  of  optical  activity,, 
of,' in  fact,  since,  has  one  been  found  in  the  literature  devoted  to  optioil 
activity.  The  recent  experimental  results  of  Kckard  and  fcenyon,  form- 
ing as  they  do,  such  a  complete  series  of  coihpkrable  data,  have  been 
used  in  the  preceding  paper  to  the  Exclusion  of  other  and  less  conclusive- 
results  uix)n  which  previous  deducti6ns  had  rested.  These  offer  for  the 
first  time  an  indication  o(  the  Validity  of  the  h3rpothesis  that  the  phenomena. 
Of  optitfla  activity  depend  primarily  upon  an  asymmetry  of  the  attractive 
Forces  exerted  upon  an  asymmetric  atom  by'-its  four  adjacent  atoms  or 
gr6ups.        • 

OAMMKtDau,  Mam. 


ICONtKiBtmoN  hicm  thb  Kbntucxt  AciueVLTtTRAt  BxpsnoiSNT  Station.] 

TBE  OCCURRENCE  AND  SIGNIFICANCE  OF  MANGANESE  IN 
THE  SEED  COAT  OF  VARIOUS  SEEDS. 

By  J.  S.  McHakoub. 
Received  October  8.  1914. 

It  has  been  observed  by  investigators  that  the  diflferent  organs  of 
some  plants  show  considerable  variation  in  the  amount  of  manganese 
they  contain.    According  to  the  researches  of  Jadin  and  Astruc,*  the 

^  The  possibUity  of  the  existence  of  optically  active  individxial  symmetrical  mole- 
ctdes  is  suggested  by  the  above,  according  to  which  a  ^mmetrical  and  an  unsym- 
metrical  molecule  may  differ  only  in  that  the  former  produces  an  effect  on  the  light 
which  is  compensated  for  by  other  molecules  while  the  latter  produces  an  uncompen- 
sated effect. 

*  Jadin  and  Astruc,  CompL  rend.,  156,  2023  (1913). 
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Pichard^  also  states  that  the  seeds  of  plants  are  quite  rich  in  this  element* 
While  making  some  investigations  on  the  occurrence  of   barium   in 
plants,^  in  the  spring  of  19 13,  the  writer  observed  that  the  ash  of  hazel* : 
nut  shells  emitted  a  distinct  odor  of  chlorine  upon  the  addition  of  hydrb- 
chloric  add,  thus  indicating  the  presence  of  manganese  in  the  ash.    This . 
observation  suggested  an  investigation  on  the  amount  of  manganese* 
in  plants  in  general,  and,  in  particular,  as  to  the  occurrence  of  this  de<^ 

Tablb  I. 

Per  ceot.  of  Mo  iatht  .  . 
Name  of  material.  material  dried  at  100^. 

Brown  hulls  of  apple  seed Trace              * 

Seed  coats 0.0165  '  •   •   -f 

Kernels  of  apple  seed  after  removing  the  skin Trace          •,    ( 

Brown  hard  shell  of  peach  seed 0.0005   ..j,,.,  > 

Brown  skin  off  kernels o .  01  ip 

Kernels,  of  peach  seed  after  removing  skin 0.0019 

Chestnut  hulls o . oiod"            ! 

Chestnut  kernels  after  removing  skin 0.0049             > 

Horsechestnut,  brown  hulls,  including  inner  coats o.ocbt     •         i 

Kernel  of  horsechestnut Trace  ,    .      : . , 

Walnut,  outside  or  soft  hull 0.00^5 

Walnut,  hard  shells o .  0006 

Walnut,  skin  off  kernels 0 .  0100          '* 

Walnut,  kernels,  after  removing  skin o  .0633       •    -  > 

Acorns  .  ' 

Burr  oak,  outside  shells o.oo9S  .          , 

Burr  oak,  brown  skin  covering  kernels o.oi  10 

Burr  oak,  kernels,  after  skin  was  removed 0.0015 

Cottonseed  hulls 0.0026 *  • 

Cottonseed  meats 0.0018    * 

Brazil  nuts,  hulls 0.0018          i- 

Bra2dl  nuts,  brown  skin 0.0145  , 

Brazil  nuts,  meats  without  the  skin o  .001 1 

Almond,  outer  shell Trace 

Brown  skin  covering  kernels o .  0044 

Kernels,  without  skin o. 0009 

Cocoanut,  hard  hull Trace          ; 

Cocoanut,  brown  skin  covering  meat o  .0048 

Cocoanut,  meat,  without  the  skin o  .0022 

Cocoanut,  milk 0.0002 

Butter  beans,  skins  oflf  cotyledons 0.0037 

Butter  beans,  cotyledons,  without  skin o.ooiS 

Wheat  bran 0.0194 

Wheat  flour o  .0055 

Com  bran o.ooii 

Com  meal o.oooi 

Onion.'. Trace 

*  P.  Pichard.  Ibid.,  ia6,  1882  (1898). 

*  This  Journai,,  35,  826  (1913). 
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ment  in  the  different  parts  of  various  nuts  and  seeds.  Qualitative  tests 
showed  that  manganese  could  be  readily  detected  in  the  different  parts 
of  seeds,  and  closer  examinations  revealed  the  fact  that  certain  coats 
surrounding  the  kernel  contain  very  notable  amounts  of  this  element. 
Therefore,  a  number  of  analyses  have  been  made  for  the  purpose  of  show- 
ing the  amount  of  manganese  present  in  the  different  parts  of  the  seeds 
of  various  plants.  The  results  are  given  in  Table  I  and  indicate  the  per- 
centage of  the  element  manganese  in  the  dry  material. 

The  results  in  the  table  show  considerable  variations  in  the  amount 
of  manganese  contained  in  the  different  parts  of  seeds  of  the  same  plants. 
It  is  to  be  observed  that  the  seed  coat  immediately  sturounding  the  ker- 
nel or  cotyledons  of  seeds  contains  a  considerably  larger  proportion  of 
manganese  than  either  the  kernel  or  the  outer  epidermal  coats.  This 
concentration  is  especially  noteworthy  in  the  apple,  peach,  black  walnut, 
acorn,  Brazil  nut,  chestnut,  almond  and  wheat  bran.  Wherever  it  was 
possible  to  dissect  this  thin  membrane,  usually  brown  in  color,  from  the 
cotyledons  to  which  it  is  attached,  in  sufficient  amount  for  analysis,  it 
invariably  showed  a  higher  concentration  of  manganese  than  any  of  the 
other  parts  of  the  seeds  tested. 

The  chief  interest  in  this  connection  lies  in  a  plausible  explanation  of 
the  function  of  the  manganese  at  this  particular  point.  The  occurrence 
of  manganese  in  this  connection  appears  to  be  indicative  of  important 
biological  relations,  rather  than  a  mere  accumulation  of  either  waste 
material  or  plant  food. 

In  1895,  De  Ray-Pailhade^  observed  the  presence  of  laccase,  an  oxi- 
dase, in  the  seeds  of  a  rather  large  number  of  different  plants.  In  1897, 
Bertrand'  pointed  out  that  laccase,  an  oxidase,  obtained  from  the  juice 
of  alfalfa  {Medicago  sativa)  contained  considerable  quantities  of  mangan- 
ese, and  has  subsequently  shown  that  small  amounts  of  the  salts  of  this 
element  stimulated  the  oxygen-carrying  power  of  the  oxidizing  enzymes 
and,  therefore,  concludes  that  this  element  has  important  biological 
functions  in  plant  metabolism. 

Since  manganese  has  been  shown  to  occur  in  unequal  proportions  in 
the  different  parts  of  plants  and  seeds  of  those  plants,  experiments  were 
planned  with  the  hope  that  some  parallelism  could  be  established  with 
respect  to  the  manganese  content  and  the  presence  of  oxidases  in  the 
different  parts  of  the  plants  under  investigation.  In  these  experiments 
parts  of  raw  plants  were  prepared  and  tested  for  the  presence  of  oxidases 
by  grinding  a  i  g.  portion  with  10  cc.  of  distiUed  water,  filtering  through 
a  dry  filter  into  a  clean  test  tube,  without  washing,  and  adding  2  cc.  of  a 
guaiacum  solution.    The  color  that  developed  was  noted  as  "strong," 

^  J.  De  Ray-Pailhade,  Compt.  rend.,  zaz,  1x62  (1895). 
*  G.  Bertrand,  Hid.,  124,  1355  (1897). 
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"moderate,"  "trace,"  and  "none."  The  remaining  portions  of  the 
same  plant  were  then  dried,  ashed,  and  the  manganese  determined.  The 
results  obtained  in  a  number  of  plants  are  given  in  Table  II. 

Tablb  II. 

Per  cent,  of  Mn 

in  the  substance      Guaiacnm  test 
Material.  dried  at  100  ^  for  oxidases. 

Irish  potato  peelings 0.0400  Strong  test 

Cubes  cut  from  the  center  of  the  potato 0.0009  Drace 

Brown  hulls  of  apple  seeds Trace  Moderate 

Seed  coat 0.0165  Strong 

Kernels Trace  Trace 

Sweet  potato  peelings 0.0075  Strong 

Cubes  cut  out  of  the  center  of  same  potato o .  0020  Trace 

Turnip  tops .  0.0900  Strong 

Peelings  ofif  roots 0.0024  Moderate 

Root  meats 0.0009  Trace 

Carrot  tops 0.0062  Strong 

Peelings  off  roots not  est.  Strong 

Meat  of  roots  near  center ^ not  est.  Traoe 

Onions,  bulbs Trace  None 

While  the  results  on  the  presence  of  oxidases  in  the  above  experiments 
are  only  qualitative,  they  are  of  sufficient  importance  to  indicate  a  close 
relationship  existing  between  the  amount  of  manganese  present  and  the 
depth  of  color  produced  by  the  guaiacum  reaction  for  oxidases.  In  every 
case  where  manganese  was  found  in  appreciable  amounts,  a  corresponding 
positive  result  was  obtained  for  the  presence  of  oxidases,  and  the  absence 
of  manganese  was  accompanied  by  negative  reactions  for  oxidases.  In 
these  experiments  it  is  shown  that  neither  manganese  nor  oxidases  are 
evenly  distributed  in  the  tubers  and  roots  of  potatoes,  tiunips  or  car- 
rots, each  being  largely  confined  to  the  outer  epidermal  layers,  thus  indi- 
cating a  dose  relationship  between  manganese,  oxidases  and  free  oxygen 
in  the  soil.  In  the  case  of  the  apple  seeds  very  interesting  results  were 
obtained,  inasmuch  as  they  throw  considerable  light  on  the  accumula- 
tion of  manganese  in  the  seed  coats  of  different  seeds  and  nuts.  The 
seeds  from  a  ripe  apple  were  separated  into  three  parts,  the  outer  brown 
hull,  the  seed  coat  and  the  kernels,  and  each  tested  for  the  presence  of 
oxidases.  The  outer  brown  huU  showed  a  moderate  blue  coloration 
with  guaiacum,  the  seed  coat  showed  a  strong  blue  coloration,  and  the 
kernels  showed  only  a  trace.  A  determination  of  manganese  in  each  of 
these  parts  showed  a  larger  proportion  of  this  element  in  the  seed  coats 
than  in  the  brown  hulls,  and  only  a  trace  in  the  kernels.  Similar  results 
with  respect  to  manganese  were  obtained  on  the  seed  coats  of  the  acorn, 
almond,  black  walnut,  chestnut,  Brazil  nut,  wheat  bran,  etc.,  all  of  which 
were  not  obtainable  in  the  green  or  mature  stages  of  growth  at  the  time 
the  investigation  was  being  carried  on.     However,  all  of  the  last  named 


Digitized  by 


Google 


coats. 

A  search  through  the  literature  upon  the  function  and  chemistry  of  the 
seed  coats  of  various  plants  shows  that  no  work  has  been  done  on  this 
subject,  and  that  botanists  have  thus  far  been  unable  to  attribute  any 
important  function  to  this  membrane  in  its  relation  to  the  embryo.  From 
the  above  data,  in  connection  with  the  researches  of  Bertrand  and  others, 
it  is  evident  that  a  close  relation  exists  between  manganese  and  oxidases 
in  plants.  May  we  not  also  assume  that  the  accumulation  of  manganese 
in  the  seed  coat  sustains  a  very  important  relation  to  the  oxidizing  en- 
zymes in  this  part  of  the  seeds?  It  is  very  probable  that  these  enzymes 
have  much  to  do  with  the  selection,  compounding  and  storing  away  of 
the  reserve  material  in  the  kernels  of  seeds. 

It  has  also  been  shown  that  fatty  seeds  absorb  large  quantities  of  oxygen 
during  germination.  De  Ray-Pailhade^  has  shown  that  there  was  an 
increase  in  the  presence  of  oxidases  as  the  germination  progressed.  He 
further  noted  that,  in  the  presence  of  laccase  and  free  oxygen,  philothion 
is  converted  into  carbon  dioxide,  and  thereby  contributes  to  the  respira- 
tion of  the  embryo  plant. 

It  is  therefore  probable  that  the  manganese  in  the  seed  coat  also  assists 
in  stimulating  the  enzymes  which  split  up  the  fats,  sugars,  starches,  etc., 
and  render  them  more  readily  available  for  the  young  seedling  during 
the  early  stages  of  its  growth. 

If  such  be  the  function  of  manganese  in  plants,  we  must  conclude  that 
it  bears  a  very  important  relation  to  the  vital  processes  in  seed  forma- 
tion and  germination. 

LSXINGTON,  Ky. 


THE  BITTER  PRINCIPLE  OF  COMMON  RAGWEED. 

By  Burt  E.  Nslson  and  Gsorgs  W.  Crawford. 
Received  October  2.  1914. 

As  part  of  a  pharmacological  study  of  ragweed.  Ambrosia  artemisifolia, 
Linn.,  Order  Compositae,  with  a  view  to  learning  something  of  its  sup- 
posed therapeutic  value  in  the  treatment  of  certain  types  of  hay  fever, 
it  became  desirable  to  isolate  the  bitter  principle. 

This  was  accomplished  by  extracting  ten  kilos  of  the  partially  air- 
dried  drug  with  alcohol,  distilling  off  the  latter  at  a  gentle  heat,  mixing  the 
soft  aqueous  residue  with  more  water  and  some  aluminium  hydroxide 
cream  for  separating  the  "resinoids,"  and,  after  removing  the  latter  by 
filtration,  clearing  and  defecating  the  aqueous  filtrate  by  a  slight  excess 
of  lead  acetate.     The  remaining  liquid  was  repeatedly  extracted  by  ether 

*  J.  De  Ray-Pailhade,  Compt.  rend.,  121,  1162  (1895). 
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until  the  bitter  taste  was  but  slightly  apparent  (about  twenty-five  times 
in  all)  and  the  ether  recovered  by  distillation. 

As  the  remaining  residue  was  stUl  quite  highly  colored,  an  attempt  was 
made  to  still  further  purify  it  by  solution  in  alcohol,  addition  of  water  and 
boneblack,  and  filtration  after  some  hours'  digestion  with  the  latter.  On 
evaporation  and  careful  drying,  the  remaining  residiie  was  quite  deep 
amber  colored,  and  on  long  standing  in  a  desiccator  formed  a  mass  of 
fine  white  needle-shaped  or  prismatic  crystals,  distributed  through  a  much 
larger  quantity  of  the  amber  colored  am^orphous  body. 

The  two  were  finally  separated  by  fractional  solution  with  ether,  in 
which  the  amorphous  body  is  the  more  readily  soluble.  Repeated  separa- 
tions are  necessary  in  order  to  effect  purification  by  this  means.  As 
finally  obtained,  the  amorphous  amber-colored  body  was  distinctly 
bitter  in  a  one  to  ten  thousand  sohittoii,  while  the  white  crystals  were  taste- 
less and,  aside  from  being  somewhat  sternutatory  when  inhaled,  inert 
physiologically  as  far  as  we  were  able  to  determine  from  the  small  amount 
on  hand.  These  crystals  melted  sharply  at  3o8°  (uncor.),  and  gave  on 
anal3rsis: 

Carbon,  69.13,  69.25;  hydrogen,  7.77,  7.78;  oxygen,  23.10,  22.97% 

With  strong  sulfuric  acid  they  give  an  orange  color  which  becomes 
bright  crimson,  especially  on  warming.     Yield,  0.02%. 

The  bitter,  amorphous,  amber-colored  body  finally  becomes  indistinctly 
crystalline  on  long  standing  in  a  desiccator.  It  melted  indefinitely  at 
from  65-70°  (uncor.),  and  gave  on  analysis: 

Carbon,  68.89,  68.38;  hydrogen,  7.78,  7.60;  oxygen,  23.33,  24.02% 

We  did  not  have  sufficient  material  purified  to  allow  of  repeating  this 
analysis  a  third  time. 

A  molecular  weight  determination  by  the  freezing  point  method,  in 
acetic  acid,  gave  523.  With  strong  sulfuric  add,  the  material  gives  a 
brownish  color  becoming  brownish  purple,  and  with  Proehde's  reagent, 
greenish.  Fehling's  solution  is  slowly  reduced  by  the  body  after  hydrol- 
ysis.    Yield,  0.10%, 

As  the  above  results  agree  with  the  data  given  in  the  literature  for 
absinthin,  the  bitter  principle  of  wormwood  {Artemesta  absiyUhium,  I^inn., 
Order  Compositae),  we  have  also  separated  some  of  the  latter  according 
to  the  above  method.  The  appearance  of  this  absinthin  was  entirely 
similar  to  that  of  our  amorphous  bitter  principle  from  ragweed.  It  was 
not,  however,  accompanied  by  any  white  crystalline  body.  It  melted 
indefinitely  at  from  65-68°  (uncor.),  and  gave  on  analysis: 

Carbon,  68.13,  68.19;  hydrogen,  7.59,  7.62;  oxygen,  24.28,  24.19% 
Molecular  weight  by  the  freezing  point  method,  523 

It  also  gave  the  brownish  color,  becoming  purplish  with  strong  sulfuric 
acid,   and  greenish  with  Froehde's  reagent.     Like  the  bitter  principle 
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from  ragweed,  it  also  slowly  becomes  indistinctly  crystalline  on  long 
standing  in  the  desiccator,  and  slowly  reduces  Fehling's  solution. 

Conclusions. 

In  view  of  the  uncertainty  attending  the  accurate  analysis  of  an  amor- 
phous body  of  this  kind,  we  believe  that  the  results  obtained  from  the 
analysis  of  the  bitter  principle  of  common  ragweed  and  of  absinthin  from 
wormwood  justify  us  in  concluding  that  the  two  bodies  are  probably  iden- 
tical. Other  pharmacological  studies  tend  to  show  that  the  use  of  prepara- 
tions of  ragweed  in  the  treatment  of  hay  fever  is  based  on  irrational 
grounds. 

I#ABOItATOKT  OV  THS  NgW  YOKK  STATS  HoSTITAI^. 
BlNOBAMTON.  N.  Y. 


THE  VOLATaS  .OILS  OF  THE  GENUS  SOLIDAGO. 

Bt  Bmsmon  R.  Millss  and  Mombk  H.  Bsmw. 
Received  September  30,  1914. 

The  genus  Solidago  is  represented  in  the  United  States  by  about  seventy- 
five  species.  Some  of  these  occur  quite  abundantly  but  can,  as  yet. 
scarcely  be  considered  of  asxy  economic  importance.  A  few  have  been 
used  medicinally,  particularly  Solidago  virgaurea  Linn.,  which  is  common 
to  Europe  and  North  America,  and  solidago  odora  Ait.,  which  was  at 
one  time  recognized  by  the  United  States  Pharmacopoeia.  The  root 
of  Solidago  canadensis  L.  is  said  to  contain  a  coloring  matter  once  used  in 
Canada  as  a  valuable  dye. 

Very  little  is  known  about  the  chemistry  of  the  plants  of  this  genus. 
Volatile  oils  have  been  obtained  from  fotu*  species,  but  with  the  exception 
of  the  oil  of  Solidago  canadensis  L.  nothing  is  known  about  their  chemical 
composition.  According  to  Schimmel  &  Co.,^  the  constituents  of  the 
last  named  oil  are  pinene  (85%),  phellandrene,  dipentene,  limonene^  bar- 
neol  (9.2%),  hornyl  acetate  (3.4%),  and  cadinene. 

The  VolatUe  Oil  of  Solidago  Nemoralis. 

Solidago  nemoralis  Ait.  is  one  of  the  smaller  species  of  the  genus,  grow- 
ing from  Quebec  to  the  North  West  Territory,  south  to  Florida,  and  west 
to  Texas  and  Arizona. 

In  their  report  of  April-May,  1906,  page  63,  Schimmel  &  Co.  give  the 
following  description  of  a  sample  of  oil  of  Solidago  nemoralis  which  they 
received  from  America:  "The  bright  olive-green  oil  had  a  peculiar  odor» 
reminding  somewhat  of  cypress  oil.  The  constants  were:  du«  0.8799, 
a»  — 23®  10',  ester  number  14.4,  ester  number  after  acetylation  38.2. 
The  oil  formed  a  cloudy  solution  in  about  seven  and  more  volumes  of 
95%  alcohol." 

»  Report,  April,  1894,  p.  57. 
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ine  ou  usea  in  our  invesugauon  was  preparea  oy  steam  aisuiiauon 
from  the  fresh  herb  (root  excluded)  collected,  mainly,  in  the  flowering 
stage  during  the  month  of  October.  Ten  samples  were  obtained;  the  per- 
centage yield  and  optical  rotation  in  a  loo  mm.  tube  were  as  follows: 

No.  of  Yield.  Optical  No.  of  Yield         Optical 

sample.  Per  cent.       rotation.  sample.  Per  cent,    rotation. 

1 0.34       — 17-73*  6 0.31  — 14.82* 

2 — 16.92"  7 0.30  — 16.35® 

3 0.24       — 16.60"  8 0.33  — 1577* 

4 0.316     — 16.64**  9 0-33  — 15-73* 

5 0.43       —15. 73*  10 •  0.30  —15. 70* 

The  average  per  cent  yield  was  0.322. 

The  investigation  was  carried  out  upon  the  mixture  of  these  samples. 
Physical  and  Chemical  Properties  of  the  Oil. 

In  color  and  odor  the  oil  was  similar  to  the  sample  described  by  Schim- 
mel  &  Co.,  quoted  above;  but  in  other  respects  differed  considerably  from 
that  oil,  as  is  seen  from  the  following  data:  d25o  0.8532;  a^  — 16.17®; 
fij,  IS*  1.47397.  Soluble  in  about  four  volumes  of  90%  alcohol,  in  about 
24  volumes  of  70%  alcohol.  Saponification  number,  5.6;  after  acetyla- 
tion,  9.4. 

Test  for  Phenols. — 5  cc.  of  the  oil  were  shaken  in  a  cassia  flask  with  an 
excess  of  5%  potassium  hydroxide  solution  and  enough  water  then  added 
to  bring  the  oil  into  the  graduated  neck  of  the  flask.  The  diminution 
in  volume  was  very  slight,  approximately  0.03  cc.,  corresponding  to 
0.6%  of  phenol.  But  the  total  amount  of  phenol  subsequently  separa- 
ted from  the  oil  was  less  than  this. 

Test  for  Ketones  and  Aldehydes, — ^With  Schiff's  reagent  no  coloration 
was  produced  within  two  minutes.  With  phenyl  hydrazine  only  a  very 
slight  cloudiness  was  produced.  The  oil  may,  therefore,  be  said  to  be 
practically  free  from  aldehydes  and  ketones. 

Saponification  and  Fractionation  of  the  Oil. — ^The  total  quantity  of  oil 
was  shaken  several  times  with  a  3%  solution  of  potassium  hydroxide, 
and,  after  the  aqueous  alkaUne  liquid  was  separated  as  completely  as 
possible,  the  oil  was  heated  about  three-quarters  of  an  hour  on  a  boiling 
water  bath  with  an  excess  of  o.^N  alcoholic  potassium  hydroxide  solu- 
tion. The  greater  part  of  the  alcohol  was  then  distilled  off  on  a  water 
bath  and  the  contents  of  the  flask  diluted  with  a  large  volume  of  water. 
The  oil,  which  separated,  was  removed  from  the  alkaUne  liquid,  washed 
imtil  free  from  alkali,  dried  with  anhydrous  sodium  sulfate  and  subjected 
to  fractional  distillation  under  a  pressure  of  23  mm.  The  fractionation 
was  carried  out  three  times.  Fractions  having  the  following  constants 
were  obtained : 
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Fraction.  temperature.         lOO  mm.  tube.  "  25" 

1 57-59**  — 19-5*  0.8525 

t. 59-6I*  —13.2a'  0.8607 

3; 61-72°  +7.86°  0.8609 

,      4.,..., 72-80°  +4587**  0.8610 

5 80-100°  +4346**  0.8923 

•  6 100-120°  — 12.83°  0.9226 

7 Residue 

Identification  of  Pinene, — Fractions  No.  i  and  2  constituted  the  main 
portipa  of  t^eoil.  When  distilled  under  diminished  pressure  the  greater 
part  of  Fraction  No.  i  boiled  between  159°  and  165°.  From  this  distillate 
a  nitrosyl  chloride  was  prepared  both  by  the  method  of  Wallach^  and  that 
of  Ebestaedt,*  the  melting  point  of  th^  product  being  102-103**.  FVom 
the  nitrosyl  chloridie  a  nitrol  pipmdide  waa  prepared  haviqg  the  melting 
point  118-119°. 

TThe  alcohoUc  distillate  recovered  from  the  saponification  mixture  was 
diluted  with  a  large  volume  of  water.  The  oil  which  was  thus  thrown 
out  of  solution  was  separated,  washed,  dried,  and  found  to  have  the  fol- 
lowing constants:    B.  p.,  161-165°;  «d»  — 19-37°;  ^25*,  0.8523. 

This  liquid  was  also  identified  as  pinene  by  the  preparation  of  a  nitrosyl 
chloride,  m.  p.  103°,  and  a  nitrol  piperidide,  m.  p.  118-119°. 

A  nitrosyl  chloride  was  also  prepared  from  Fraction  No.  2,  but  the  yield 
was  smaller. 

Examination  for  Phellandrene, — Fraction  No.  3  was  tested  for  phellan- 
drene  by  Wallach's  method  for  the  preparation  of  phellandrene  nitrosites 
but  with  negative  results.  Fraction  No.  4  was  tested  in  the  same  man- 
ner, b^t  it  also  yielded  no  nitrosite. 

Examination  for  Borneol. — Since  the  maximum  boiling  point  of  Frac- 
tion, No.  5  is  near  that  of  borneol  and  the  odor  of  this  fraction  was  some- 
what suggestive  of  that  of  borneol,  an  attempt  was  made  to  prepare  bor- 
neol phenyl  urethane  by  means  of  carbanil,  but  the  results  were  negative. 
Fraction  No.  6  was  also  treated  in  the  same  manner  but  likewise  with 
negative  results. 

A  further  attempt  to  identify  borneol  was  made  as  follows :  the  remainder 
of  Fraction  No.  5  and  a  part  of  Fraction  No.  6  were  mixed  and  distilled 
under  ordinary  pressure.  The  portion  which  came  over  between  195° 
and  220*  was  oxidized  by  means  of  chromic  acid  mixture,  the  acid  liquid 
neutralized  with  sodium  carbonate  and  then  distilled  with  steam.  There 
was  no  indication  of  the  separation  of  camphor  in  the  condenser,  though 
the  oily  distillate  had  a  somewhat  camphoraceous  odor.  This  oil  was 
treated  with  hydroxylamine  hydrochloride  in  order  to  see  if  camphor 

»  Ann.,  245,  251  ( ). 

*  Report  of  Schimmel  6f  Co.,  April,  1910,  p.  164. 
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oxime  could  be  prepared.  The  thick,  oily  mass  which  was  obtained  had 
an  odor  very  suggestive  of  camphor  oxime  and  a  few  crystals  had  separa- 
ted, but  at  the  time  of  this  writing  the  amount  was  insufficient  for  a  melt- 
ing point  determination. 

Examination  for  Camphor, — ^The  remainder  of  Fraction  No.  6  was 
treated  with  hydroxylamine  hydrochloride  but  no  oxime  could  be  separa- 
ted, indicating  the  absence  of  camphor. 

Examination  for  Phenol. — Identification  of  Salicylic  Add.  The  aqueous 
alkaline  Uquid  obtained  by  shaking  the  oil  with  3%  solution  of  potassium 
hydroxide  was  acidulated  with  dilute  sulfuric  acid,  shaken  out  with  ether 
and  the  ether  allowed  to  ev£^x)rate.  A  thick,  brownish  red  Uquid  was 
thus  obtained  from  which,  after  standing  some  time,  needle  shaped  crystals 
separated  in  very  small  amount.  This  substance  gave  an  intensely  violet 
color  with  aqueous  ferric  chloride  solution.  When  treated  with  methyl 
alcohol  and  sulfuric  add  it  gave  the  odor  of  methyl  salicylate. 

Identification  of  Acetic  Add. — ^The  aqueous  alkaline  liquid  resulting 
from  the  saponification  of  the  oil  was  addified  with  dilute  sulfuric  add 
and  the  mixture  subjected  to  steam  distillation.  From  the  add  distillate 
a  silver  salt  was  prepared  which,  on  ignition,  yielded  65.7%  metallic  sil- 
ver.    Silver  acetate  contains  64.64%  of  silver. 

Summary. 

The  chief  constituent  of  this  oil  is  a-pinene,  a  mixture  of  the  dextro 
and  lew  forms.  In  addition,  it  contains  salicylic  add  and  acetic  add, 
at  least  one  alcohol,  occurring  both  in  the  free  state  and  combined  as  the 
acetate.    The  presence  of  bomeol  is  quite  probable. 

Al^BAMA  POLYTSCBKIC  InSTZTUTS, 

Auburn,  Ala. 


NOTES. 

A  Modified  Kjeldahl  Flask  for  Determining  Soil  Nitrogen. — Soil  chem- 
istry and  soil  bacteriology  call  for  the  determination  of  soil  nitrogen. 
The  nitrogen  content  of  ordinary  soil  is  smaU  and  the  sample  has  to  be 
correspondingly  large.  The  fact  that  most  directions  call  for  the  transfer 
of  the  solution  between  digestion  and  distillation  shows  that  the  ordinary 
Kjeldahl  flask  is  not  adapted  to  this  determination.  Some  investigators 
do  not  make  it  a  rule  to  transfer,  but  they  sometimes  are  forced  to,  since 
with  some  types  of  soil,  such  violent  bumping  occurs  that  the  flask  breaks. 
The  transfer  is  a  nuisance,  involving  extra  time  and  flasks,  besides  allowing 
a  source  of  error. 

The  modified  Kjeldahl  flask  represented  in  the  accompanying  sketch 
does  away  with  the  bumping,  making  the  transfer  unnecessary.  This 
flask  holds  about  700  cc.    It  has  the  same  proportions  as  the  ordinary 
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Kjeldahl  flask,   except  for  its  modified   (more  pointed)   bottom.     The 

pointed  bottom  prevents  the  solid  por- 
tion of  the  contents  from  settling  while 
being  heated.  The  siUca  and  sludge 
are  thus  kept  in  constant  motion,  ris- 
ing straight  up  towards  the  surface  of 
the  liquid  and  sUding  back  along  the 
sides  of  the  flask.  The  hardest  boiling 
on  the  surface  of  the  Uquid  is  at  the 
center,  and  thus  frothing  is  prevented 
by  the  bubbles  being  broken  against 
the  sides  of  the  flask. 

Over  three  hundred  determinations 
have  been  made  in  this  laboratory  with 
this  flask.  Nitrogen  has  been  deter- 
mined in  clays,  loams,  sands,  peaty 
sands,  and  peats.  Neither  bumping 
nor  troublesome  frothing  have  oc- 
curred in  any  case.      H.  A.  NovEs. 

UamttcovttmAh  Chsmistby  Labokavokxss. 

PURDUS  BZPBXXMSNT  STATIOM, 

Lavavstts,  Indiana. 


Concerning  the  Quantitative  Extraction  of  Diastases  from  Plant  Tissues. — 
"H.  P.  E.  H."  in  a  review  of  our  recent  article^  on  this  subject,  which 
appears  in  a  recent  number  of  The  Analyst,*  states  that  "TTie  authors 
have  overlooked  the  fact  first  shown  by  J.  L.  Baker  and  H.  F.  E.  Hulton* 
that  the  "Kjeldahl  law  of  proportionality"  does  not  strictly  obtain  up  to 
a  production  of  40%  of  maltose  in  the  case  of  flour.  There  is  no  refer- 
ence to  the  work  of  Brown  and  Morris,*  and  Ford  and  Guthrie,*  who 
showed  that  the  diastatic  activity  of  raw  barley  itself  is  greater  than  that 
of  any  extract  made  from  it.  The  great  influence  that  amphoteric  sub- 
stances have  upon  the  quantitative  production  of  maltose  from  starch, 
when  flour,  barley,  etc.,  are  employed,  is  ignored." 

With  reference  to  the  first  point,  we  recognize  that  KjeldahFs  "law  of 
proportionality"  is  not  an  absolute  law  in  the  sense  that  the  reaction 
velocity  is  absolutely  unvarying  up  to  the  Umits  of  unconverted  starch  to 
which  it  was  originally  applied.  This  was  shown  by  Brown  and  Glen- 
dinning  in  the  article  to  which  we  referred  in  our  paper,  much  earlier  than 

»  This  Journal,  36,  759^7Q  («9i4)- 
\  Analyst,  39,  260  (1914). 
«  /.  Soc,  Chem.  Ind.,  27,  368  (1908). 
^  /.  Chem.  Soc,  63,  604  (1893). 
•  /.  Inst.  Brewing,  14,  61  (1908). 
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by  J.  L.  Baker  and  H.  F.  E.  Hutton,  whose  work  is  mentioned  by  *'H. 
F.  E.  H."  But  our  own  preliminary  work  bore  out  the  statement  of 
Brown  and  Qlendinning  that  the  curves  of  reaction  velocity  is  sufficiently 
nearly  rectilinear,  up  to  the  point  of  hydrolysis  of  50%  to  60%  of  the 
starch,  "for  all  practical  purposes  of  diastasimetry."  We,  therefore, 
did  not  hesitate  to  use  the  Kjeldahl  "law  of  proportionality"  as  a  basis 
for  our  study  of  the  proposed  method  of  extraction. 

With  regard  to  the  supposed  ignoring  of  the  influence  of  substances 
in  the  material  under  examination  upon  the  quantity  of  maltose  produced 
from  the  starch  in  the  sample,  we  may  say  that  it  was  precisely  in  order  to 
avoid  this  difficulty  that  we  sought  a  method  which  would  give  an  ex- 
tract free  from  these  disturbing  substances.  Our  further  investigations 
of  the  application  of  the  proposed  method  to  a  study  of  the  diastases 
of  flour,  which  are  now  being  prepared  for  publication,  showed  clearly 
that  the  accelerating  effect  of  the  extracts  alone  upon  the  conversion  of 
starch  to  maltose  is  quite  different  from  that  of  a  dilute  flour  paste,  ex- 
actly as  indicated  by  the  authorities  cited  by  "H.  F.  E.  H."  Our  inves- 
tigations as  to  the  causes  of  this  phenomenon,  while  not  yet  -complete, 
indicate  that  the  difference  is  due  to  the  presence  in  the  flour  paste  of 
substances  other  than  diastases  which  influence  the  rate  of  diastase  ac- 
tion. This  does  not  change  in  any  way  our  conclusion  that  the  diastases 
are  quantitatively  extracted  at  0°  by  the  proposed  4nethod.  A  discussion 
of  this  phenomenon  belongs  to  the  forthcoming  paper,  rather  than  to  a 
description  of  the  method  of  extraction,  which  was  presented  in  our  first 
paper.     In  the  next  paper,  the  work  in  question  will  not  be  "ignored." 

R.  W.  Thatcher  and  Geo.  P.  Koch. 

Division  ov  Aokicultural  Chbmistry. 
AoK.  Exrr.  Station.  St.  Paul.  Minn. 


NEW  BOOKS. 

A  Laboratory  Outline  of  Elementary  Chemistry.    Albxandbr  SMrrH.     The  Century 
Company,  1914. 

This  outline  is  intended  to  accompany  the  author's  new  Text-book  of 
Elementary  Chemistry  published  by  the  same  company  during  the  sum- 
mer. His  position  as  Examiner  in  Chemistry  of  the  College  Entrance 
Board  puts  him  in  close  touch  with  the  teaching  of  Elementary  Chemistry 
and  two  paragraphs  from  the  preface  give  an  idea  as  to  the  plan  of  the 
work: 

*'The  apparatus  has  been  made  as  simple  and  spiall  in  amount  as  possi- 
ble. The  Ust  of  chemicals  has  also  been  restricted  to  the  least  expensive 
materials  and  the  smallest  number  of  items.  The  indispensable  experi- 
ments which  are  less  simple,  have  been  left  for  classroom  demonstra- 
tions. 
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All  the  experiments,  and  the  wording  of  the  directions,  have  been 
tried  under  the  author's  supervision  with  young  pupils,  and  have  been 
altered  until  found  satisfactory." 

The  book  differs  from  the  stereotyped  forms  in  several  important  par- 
ticulars. In  the  study  of  "Substances"  the  pupil  is  given  pieces  of  white 
cotton  cloth,  of  white  mixed  goods,  and  of  woolen  yam  instead  of  bits 
of  copper,  pieces  of  sulfur,  nitric  acid,  etc.  Incidentally,  the  ability  to 
detect  cotton  and  wool  separately  or  in  mixtures  is  developed.  Measur- 
ing, weighing,  density,  changes  in  metals  heated  in* air,  follow,  and  then 
come  studies  in  oxygen,  hydrogen  and  water  in  quite  the  orthodox  way. 
One  exercise  is  devoted  to  hydrates  and  another  to  the  determination  of 
water  in  hydrates.  (The  old,  misleading  ** Water  of  Crystallization"  is 
not  even  mentioned.  Let  us  hope  that  it.  Sulphuretted  Hydrogen  and 
some  others  are  on  the  road  to  oblivion.) 

Why  reactions  proceed  to  equilibrium  or  to  completion,  ionization, 
normal  and  standard  solutions,  titrations,  valence,  give  further  practice 
in  quantitative  work  not  too  difficult  for  beginners.  Gram-molecular 
volume,  colloids,  starch  and  sugars,  how  soap  cleanses,  and  tests  for  food 
compounds  are  new  in  the  way  of  laboratory  work  for  young  pupils. 
The  recognition  of  negative  radicals,  analysis  of  baking  powder,  hydrol- 
ysis, esters  and  soap-making,  colloidal  suspensions,  hard  water,  film-cobalt 
chloride-  and  match  fests  for  metallic  elements,  displacement  of  metals 
and  the  making  of  white  lead  are  new  features,  or  old  topics  treated  in  a 
new  way. 

The  manual  will  make  for  itself  some  such  place  in  elementary  chemistry 
as  his  laboratory  guide  to  accompany  his  first  college  text  made  in  that 
field  of  the  work.  C.  M.  Wirick. 

Collegiate  Chemistry.     By  F.  W.  Martin,  M.S.,  Ph.D.    J.  P.  Bell  Co.  Inc.,  Lynch- 
burg, Va.     1914.     238  pp.     Price,  $1.30. 

The  author  in  this  new  text  in  General  Chemistry  has  not  introduced 
any  strikingly  new  feature,  and  unfortunately  leaves  out  some  of  the  im- 
portant old  features.  His  work  is  based  on  the  Periodic  System  and 
forms  a  very  good  introduction  to  Qualitative  Chemistry.  Although  he 
particularly  states  in  his  preface  that  **it  is  probable  that  some  who 
inspect  it  superficially  may  be  misled  by  its  size  and  simplicity  of  pre- 
sentation into  thinking  that  it  is  too  brief  in  scope  or  too  elementary  in 
treatment  to  meet  the  needs  of  the  college  freshman,"  a  very  careful 
perusal  leads  one  to  the  very  conclusion  to  which  the  author  objects. 
The  sins  of  the  book  are  more  of  omission  than  of  commission.  The 
brevity  of  the  treatment  is  particularly  apparent  when  the  well  known 
Frasch  method  for  obtaining  sulfur  is  not  even  mentioned — the  lead 
chamber  process  for  the  manufacture  of  sulfuric  add  is  given  only  as  a  foot- 
note.    Catalytic  agents  are  completely  ignored,  and  while,  in  the  prepara- 
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sium  chlorate,  the  different  fole  it  plays  in  the  two  processes  is  not  indi- 
cated. The  only  methods  given  for  the  preparation  of  ammonia  are  by 
treating  ammonium  chloride  with  lime  and  passing  sparks  through  the 
gases  hydrogen,  and  nitrogen^  Other  illustrations  could  be  given  of  the 
extremely  brief  treatment.  Several  chapters  are  devoted  to  the  theories 
of  chemistry,  but  there  is  no  particular  connection  between  the  theories 
and  the  descriptive  matter.  The  metallurgical  processes  given  are  not 
particularly  good  nor  up  to  date.  "Not-metal"  is  used  in  the  place  of 
the  more  euphonious  "  non-metal."  Other  unusual  words  sudi  as  acidigen 
and  basidigen  are  used.  The  experiments  embodied  in  the  text  are  the 
usual  standard  ones.  A  good  experimental  illustration  of  the  law  of 
multiple  proportions  is  given  in  the  preparation  of  the  two  iodides  of 
merciuy.  I<iLUAN  Cohbn. 

Collegiate  Chemistry.  Qualitative  Analysis.  By  P.  W.  Martin,  M.S.,  Ph.D. 
Professor  of  Chemistry*  Randolph-Macon  (Women's)  College.  J.  P.  Bell  Co., 
Inc.,  Ljrnchburg,  Va.     1914.     pp.  257-321.     Price,  $1.00. 

The  QuaUtative  Analysis  is  Part  V  of  Martin's  Collegiate  Chemistry. 
It  is  a  satisfactory  mauual  for  qualitative  analysis  and  with  interpola- 
tions by  the  instructor  could  be  used  as  a  text-book.  However,  it  does 
not  possess  any  greater  merit  than  most  of  the  manuals  on  the  market 
and  not  as  much  as  some.  Liluan  Cohen. 

A  Text-book  of  Qiumtitative  Chemical  Aiialysis.  By  Albxandbr  Charlbs  Cumming 
AND  Sidney  AlBxandbr  Kay.  John  Wiley  &  Sons,  New  York,  1913.  pp. 
xi  -h  382. 

In  the  ten  parts  of  this  book  are  considered  (I)  General  Principles; 
<II)  Volumetric  Analysis;  (III)  Gravimetric  Analysis;  (IV)  Colorimetric 
Methods;  (V)  Systematic  Quantitative  Analjrsis;  (VI)  The  Analysis  of 
Simple  Ores  and  Alloys;  (VII)  Gas  Analysis;  (VIII)  Water  Analysis; 
(IX)  Quantitative  Analysis  of  Organic  Substances;  (X)  The  Determina- 
tion of  Molecular  Weights.  An  Appendix  contains  data  of  various 
kinds.  It  can  be  seen  that  the  scope  of  the  book  is  large.  The  processes 
selected  are  representative  and  the  manipulative  descriptions  of  the 
tyjrical  exercises  are  unusually  complete  and  satisfactory. 

Many  teachers  will  not  concur  with  the  authors  in  their  decision  to  al- 
low volumetric  analysis  to  precede  gravimetric  analysis.  The  reader  is 
frequently  left  in  the  dark  as  to  the  reasons  why  various  precautions 
are  necessary.  Furthermore,  no  application  is  made  of  the  modem 
theory  of  solution,  even  in  such  subjects  as  the  solubility  of  precipitates, 
and  neutraHzation  in  the  presence  of  indicators. 

Many  detailed  criticisms  may  be  made:  Under  titration  with  per- 
manganate in  the  presence  of  chlorides  no  mention  is  made  of  the  useful- 
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ness  of  manganous  salts  in  preventing  error  (p.  65).  Oxalic  add  is  con- 
demned as  a  standard  reducing  substance  on  the  basis  of  efflorescence, 
(p.  67),  whereas  this  phenomenon  never  occurs  under  any  ordinary  atmo- 
spheric conditions.  Stannous  chloride  is  stated  to  be  applicable  for  iron 
reductions  only  when  dichromate  is  used  for  oxidation  (p.  76),' yet  this 
method  of  reduction  is  widely  used  in  permanganate  titrations  with  pre- 
precautions  suitable  for  avoiding  error  due  to  chlorides.  The  diminu- 
tion of  the  colloidal  solubility  of  silver  chloride  by  nitric  add  is  appar- 
ently confused  with  that  of  true  solubility  (p.  133).  One  is  startled  by- 
the  statement  that  cadmium  is  predpitated  electrolytically  upon  the 
anode  from  cyanide  solution  (pp.  149  and  150).  In  the  determination 
of  the  silica  in  an  insoluble  silicate,  filtration  of  the  second  predpitate 
upon  the  same  filter  as  the  first  is  recommended. 

The  reviewer  can  see  few  points  of  superiority  in  this  book  over  many- 
other  standard  texts.  G.  P.  Baxter. 

Photo-chemistry.  By  S.  E.  Shbppard,  D.Sc.  London:  Longmans,  Green  &  Co., 
London  and  New  York.  19 14.  pp.  446.  (One  of  a  Series  of  Text-Books  oT 
Physical  Chemistry  Edited  by  Sir  William  Ramsay,  K.C.B.,  P.R.S.)     Price,  $3.50.. 

To  those  of  us  who  have  for  a  number  of  years  been  impatiently  awaiting 
the  promised  appearance  of  a  work  on  photo-chemistry,  this  latest  addi- 
tion to  the  Ramsay  Series  is  especially  welcome.  One  is  struck  at  once- 
by  the  appearance  of  thoroughness  with  which  any  one  subject  is  dis- 
cussed, and  a  closer  study  causes  one  to  marvel  at  the  amoimt  of  excellent 
material  the  author  has  succeeded  in  compressing  into  the  446  pages. 
An  especially  desirable  feature  of  the  book,  and  one  which  the  reviewer- 
feels  it  impossible  to  over-emphasize  because  of  the  unusually  widely 
separated  literature  of  photo-chemistry,  is  its  excellent  bibUography, 
the  collection  and  verification  of  which  must  have  been  a  Herculean  task.. 

One  must  commend  the  author  for  his  excellent  judgment  in  greatly 
condensing  the  historical  development  of  photo-chemistry,  in  spite  of' 
the  fact  that  the  history  of  this  branch  of  physical  chemistry  is  one  of* 
tmusual  interest  and  inspiration.  Following  the  six  or  seven  pages- 
of  history  we  find  about  forty  pages  devoted  to  a  thorough  discussion  of 
the  principles  involved  in  the  measurement  of  Ught  quantities;  different: 
light  sources;  standard  light  sources;  and  a  brief,  but  comprehensive, 
description  of  the  various  devices  used  for  the  measurement  of  the  in- 
tensity of  light,  including  spectro-photometry. 

Under  the  heading  "Energetics  of  Radiation*'  the  author  takes  up- 
Kirchhoff's  law;  the  Stefan-Boltzmann  law;  Wien's  displacement  law;: 
Planck's  law  for  the  distribution  of  energy  in  the  spectrum;  the  methods, 
for  determining  temperature;  the  radiation  scale  of  temperature;  the- 
mechanical   equivalent  of  light,   etc.     The  fourth  chapter  deals   with. 
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are  discussed:  the  Hefner  lamp;  incandescent  gas;  incandescent  electric 
lamps;  the  electric  arc;  various  sources  of  the  ultra-violet;  simlight; 
diffused  daylight;  and  the  distribution  of  ^ergy  in  the  spectrum  of  each. 

The  next  seventy-one  pages,  constituting  the  fifth  chapter,  are  de- 
voted to  a  study  of  the  absorption  of  light.  The  various  factors  influencing 
absorption  are  discussed  in  considerable  detail,  then  the  question  of  the 
absorption  of  solutions  is  considered  at  length.  The  remainder  of  the 
chapter  is  given  over  to  a  discussion,  necessarily  somewhat  limited,^ 
of  the  interesting  question  of  the  relationship  between  absorption  and 
chemical  constitution. 

Chapters  six  and  seven  are  devoted  to  "Statics  and  Kinetics  of  Photo- 
chemical Change"  and  "Dynamics  of  Photochemical  Change."  The 
former  consists  of  an  excellent  discussion  of  the  measunement  of  the 
rate  of  photochemical  reactions  and  the  application  of  the  mass  law, 
illustrated  by  numerous  well-chosen  examples.  In  the  latter  the  author 
takes  up  the  factors  influencing  photochemical  equilibria;  endo-  and 
exo-actinic  reactions;  photochemical  change  in  the  elements;  chemical 
actinometry;  photochemical  reactions  in  gases  and  vapors;  photochemical 
induction  and  deduction;  photochemical  catalysis;  and  photo-sensitization. 

Chapter  eight  is  devoted  largely  to  the  photo-chemistry  of  the  halogens; 
the  silver  compotmds;  and  the  interesting  question  of  phototropy.  This 
is  followed  by  a  chapter  on  **  Radiant  Matter  and  Photochemical  Change," 
being  mainly  a  discussion  of  the  photo-electric  eflFect.  In  Chapter  ten 
there  is  an  interesting  presentation  of  what  we  know  concerning  the 
various  luminescence  phenomena,  and  a  discussion  of  their  theoretical 
significance.  The  last  chapter  in  the  book  constitutes  a  very  meager 
and  rather  disappointing  discussion  of  organic  photosynthesis,  a  subject 
which,  though  perhaps  not  so  spectacular,  is  undoubtedly  the  most  im- 
portant of  all. 

Nearly  one-half  of  the  book  is  devoted  to  what  many  will  undoubtedly 
call  photo-physics  rather  than  photo-chemistry,  but  in  the  opinion  of  the 
reviewer  this  is  one  of  its  strongest  points;  The  author  well  says  in  his 
preface  that  the  neglect  of  the  bearing  of  photo-physical  phenomena 
and  laws  and  "too  narrow  a  circumspection  of  its  domain  can  only  lead  to 
further  delay  in  the  discrimination  of  a  definite  body  of  laws  for  this 
science." 

The  author  is  to  be  congratulated  .on  giving  us  a  presentation  of  real 
photo-chemistry,  rather  than  a  book  lop-sided  from  the  inclusion  of  too 
much  photography.     Dr.  Sheppard  has  done  much  to  dispel  the  popular 

^  This  question  has  been  quite  fuHy  discussed  in  a  previous  volume  in  this  series. 
See  Smiles/'  "The  Relations  between  Chemical  Constitution  and  Some  Physical  Prop- 
erties." 
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illusion  (unfortunately  current  even  among  chemists)  that  fkoto-chemisiTy 
and  photography  are  synonymous.  Any  such  deluded  person  who  will 
but  look  through  this  really  excellent  rfeum^  of  the  field  of  photo-chemistiy 
will  never  again  be  troubled  by  the  vision  of  a  camera  rising  before  him 
whenever  the  word  "photo-chemistry**  is  mentioned. 

J.  Howard  Mathews. 

Complex   Ions   in  Aqueous   Solutions.     By   Arthur  Jaques.     London:  Longmans, 
Green  &  Co.,  1914.     151  pp.     Price,  $1.35  net. 

The  first  part  of  this  monograph,  approximately  one-quarter  of  it,  is 
devoted  to  a  description  of  various  general  methods  of  investigating 
complex  formation;  namely,  the  chemical  method,  the  ionic  migration 
method,  the  distribution  method,  the  solubility  method,  and  the  elec- 
trical potential  method.  In  considering  each  method  the  principles 
are  first  presented,  and  then  illustrated  by  applying  them  to  actual  ex- 
perimental data.  Properties  of  solutions,  such  as  freezing-point  lowering 
and  vapor  pressure  lowering,  which  are  a  measure  of  the  total  number 
of  mols  of  solute  in  the  solution  oflfer  another  important  method  for  study- 
ing complexes.  This  method,  though  not  classified  as  one  of  the  general 
methods,  is  mentioned  and  illustrated  by  some  of  the  examples  given 
later  in  the  book. 

In  the  last  part  of  the  book  these  general  methods  are  illustrated  by 
examples,  which  also  serve  to  give  a  review  of  some  of  the  more  important 
experimental  work  on  complex  ions  in  aqueous  solutions.  Unfortimately, 
no  reference  is  made  to  investigations  on  the  subject  which  have  been 
published  in  this  country.  M.  S.  Shbrrill. 

Handbvch  d«r  Min^al  Chomie.    Dobltbr,  et  al,    Bd.  Ill  Nos.  3  and  4.     (Bogen 

21-40.)     Dresden  and  Leipzig:  Th.  Steinkopff.    Price,  M.  6.50  each. 

The  xoineral  phosphates  here  treated  are  most  of  them  rare  and  of  lit- 
tle interest  to  chemists  in  general;  indeed  the  examination  of  much  of 
the  contents  of  these  two  hefts  has  revealed  comparative^  httle  of  a 
chemical  nature. 

There  is  some  modem  work  on  the  synthesis  of  apalite,  and  some  on 
the  chepiical  behavior  of  tyrquoise  which  the  mineral  chemist  should 
know,  while  the  section  on  monazite  and  the  extraction  of  the  rare  earths 
from  it  will  appeal  to  a  wider  circle  of  readers. 

The  last  pages  of  No.  4  in  which  the  arsenic  minerals  are  begun  treat 
the  polymorphic  forms  of  this  element,  and  those  pf  arsenious  oxide  in  a 
mpre  complete  manner  than  a  strictly  chemical  treatise. 

E.  T.  Allbn. 

The  Source»  Queiiiistiy  and  Use  oi  Pood  Products.    By  £.  H.  S.  Bajblsy,  Ph.D.    Phila- 
delphia:  P.  Blakiston's  Son  &  Co.,  1914.    pp.  xiv  -f  517.    Price,  $1.60  net. 

This  is  not  intended  as  a  reference  book  for  experts  or  specialists,  but 
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as  a  convenient  manual  for  the  use  of  students  in  colleges  or  high  schools, 
and  especially  for  those  who  are  taking  courses  in  dietetics  or  household 
economics.  An  unusually  large  amount  of  practical  information,  gleaned 
largely  from  original  sources,  is  condensed  in  the  book  and  the  presenta- 
tion is  such  that  the  student  should  be  able  to  grasp  readily  the  essential 
points.  There  is  unquestionably  a  place  for  such  a  book  and  the  author 
has  succeeded  in  compiling  something  which  is  really  needed. 

Dogmatic  statements  on  some  controverted  questions  have  been  pretty 
well  avoided.  A  few  paragraphs,  here  and  there,  seem  to  the  reviewer, 
however,  somewhat  wide  of  the  mark,  and  in  future  editions  should  be 
modified  or  omitted.  The  author  has  occasionally  gone  out  of  his  way, 
for  example  on  page  295,  in  making  statements  which  do  not  well  accord 
with  the  facts.  In  discussing  the  use  of  preservatives  in  a  weU-known 
tomato  product,  the  author  discloses  a  somewhat  uncertain  prejudice, 
not  in  keeping  with  the  scientific  accuracy  which  should  ever  hold  in  a 
book  for  students. 

While  many  foods,  because  of  their  limited  use  in  this  country,  are  but 
briefly  discussed,  other  sections  are  much  longer  and  full  enough  to  form 
very  interesting  reading.  The  chapters  on  sugars  and  bread  are  exam- 
ples of  quite  satisfactory  treatment.  Numerous  illustrations  add  much 
to  the  practical  value  of  the  book,  which,  on  the  whole,  can  be  cordially 
recommended  to  the  readers  for  whom  it  is  intended.  J.  H.  Long. 

A  Manual  of  Bacteriology  for  Agricoltural  and  General  Science  Students.    By  Howari> 
S.  Rbbd.    OinxL&Co.     19 14.     Price,  $1.25. 

This  volume  consists  essentially  of  a  well-selected  series  of  experiments 
designed  to  familiarize  the  student  with  principles  underl3ring  the  activi-^ 
ties  of  bacteria,  yeasts,  and  molds.  The  majority  of  these  experiments 
are  devoted  to  bacteriological  technique  and  the  role  of  bacteria  in  nature; 
nevertheless,  considerable  space  is  occupied  by  a  consideration  of  various 
fungi,  particularly  yeasts  and  molds.  The  scope  of  the  volume,  there- 
fore, is  greater  than  the  title  would  indicate. 

The  viewpoint  of  this  manual  is  essentially  chemical.  Attention  is  di- 
rected continually  toward  the  nature  and  extent  of  microbic  activity; 
but  little  space  is  devoted  to  their  morphology  and  botanical  identifica- 
tion. This  omission  of  morphological  details,  however,  is  of  little  moment^ 
for  the  practical  importance  of  microbes  in  the  last  analysis  centers  around 
the  results  they  accomplish  rather  than  what  they  are.  The  essential 
morphological  features  can  be  readily  supplied  by  collateral  reading:  a 
selected  list  of  texts  is  appended  for  this  ptupose. 

The  arrangement  of  the  book  might  be  unified  somewhat  without 
seriously  disturbing  the  sequence  of  the  text  by  uniting  Sections  II  and  V, 
both  of  which  deal  essentially  with  the  preparation  of  general  and  special 
media  for  the  cultivation  of  microdrganisms.    Similarly,   Experiments 
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27  and  28  of  Section  VI  might  well  be  contained  in  Section  VIII,  which 
is  devoted  to  the  isolation  of  a  pure  culture.  It  might  be  advantageous 
from  the  viewpoint  of  the  student,  furthermore,  to  amplify  Section  VIII 
by  the  addition  of  experiments  illustrating  the  general  methods  of  ob- 
taining pure  cultures  of  micro5rganisms  from  their  mixtures. 

Section  XV,  *'  Bacterial  Disease  in  Man  and  Animals/*  is  not  impressive. 
The  subject  is  inherently  far  beyond  the  scope  of  a  volume  the  size  of  this 
manual,  and  it  might  be  profitably  omitted  entirely,  or,  at  most,  dismissed 
with  the  most  general  statement. 

Sections  XI  and  XIII,  dealing,  respectively,  with  bacteria  of  water  and 
sewage,  and  bacteria  of  milk,  are  worthy  of  special  mention.  Section 
XII,  relating  to  the  bacteria  of  the  soil,  taken  together  with  the  informa- 
tion contained  in  the  appendix  on  the  sterilization  of  soil,  is  excellent. 

The  appendix  contains  directions  for  the  accurate  determination  of 
various  products  of  microbic  growth. 

The  student  who  successfully  completes  the  experiments  outlined  in 
this  manual  should  be  well  grounded  in  general  mycology. 

Arthur  I.  Ksndaix. 

A  Text-book  of  Physiological  Chemistiy.  By  Olop  Hammarstsn  with  the  collabora- 
tion of  S.  G.  Hbdin.  Authorized  translation  by  John  A.  Mandel,  from  the  en- 
larged and  revised  8th  German  edition.  New  York:  John  Wiley  &  Sons.  pp. 
viii  +  X026.     1914.    Prioe,  I4.00  net. 

This  well-known  work  here  appears  in  the  7th  American  edition.  The 
preface  of  the  6th  edition  was  dated  April,  191 1»  while  in  the  new  edition 
the  date  is  June,  19 14,  following  closely  the  corresponding  German  dates. 
Former  editions  have  been  reviewed  at  length  in  the  Journal.  The 
translater  caUs  attention  to  the  fact  that  the  last  German  edition,  from 
which  this  is  taken,  was  revised  by  the  authcMT  himself,  who  is  now  in  his 
73rd  year.  Every  worker  in  the  field  of  Physiological  Chemistry  will 
doubtless  join  heartily  in  the  wish  that  the  pioneer  investigator  and  pains- 
taking compiler  may  Uve  in  vigor  to  bring  out  many  future  editions  of 
a  hand-book  which  has  long  been  a  necessity  in  the  library  of  the  biochem- 
ical student. 

This  new  edition  sho¥rs  a  considerable  number  of  changes  to  correspond 
to  the  rapid  advances  in  the  science.  By  a  rearrangement  of  the  mat- 
ter the  number  of  chapters  has  been  reduced  from  eighteen  to  seventeen, 
and  practically  every  chapter  has  received  additions.  In  Chapter  I, 
dealing  with  general  physico-chemical  relations  of  physiologically  im- 
portant bodies,  the  sections  on  osmotic  pressure,  colloids,  catalysis,  en- 
zymes, and  ions  and  salt  action,  the  revision  has  brought  important 
discoveries  and  theories  down  to  date.  In  no  field  of  physiological  chem- 
istry has  the  development  been  more  rapid  than  just  here  and  the  fact 
is  fittingly  regarded  in  the  compilation.    For  example,  even  some  of  the 
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latest  detenninations  of  the  reaction  of  the  blood  by  gas  diain  methods 
liave  received  attention. 

Notable  changes  have  been  made  in  other  chapters,  and  especially 
in  the  work  on  the  blood  and  the  urine.  The  preliminary  discussion 
on  oxidation  processes  in  the  body,  which  in  earlier  editions  came  in  the 
first  chapter,  now  appears  in  the*siicteenth  chapter  under  respiration  and 
oxidation.  In  some  chapters  the  changes  appear  to  be  slight,  for  exam- 
ple, in  the  discussions  of  the  carbohydrates  and  the  animal  fats  and  phos- 
phatides. 

The  work  of  the  translator  must  be  again  commended,  as  well  as  that 
-of  the  publishers  in  keeping  up  the  excellent  appearance  of  the  book. 

J.  H.  Long. 

IhresenrttiTes  and  Other  Chemicals  in  Poods.  By  Otto  Polin,  Ph.D.  Hamilton 
Kuhn,  Professor  of  Biological  Chemistry,  Harvard  Uniyersity.  Cambridge: 
Harvard  University  Press,  1914.    60  pp.     Price,  I0.50. 

This  little  volume  is  the  outgrowth  of  one  of  the  Harvard  health  talks 
by  Dr.  Folin.  It  is  oae  of  the  best  and  fairest  presentations  of  the  question 
•of  chemical  preservatives  in  foods  that  has  thus  far  been  published.  Dr. 
Folin  does  not  wholly  condemn  the  use  of  preservatives  in  food  products, 
but  condemns  their  use  as  a  substitute  for  sanitation  or  of  the  use  of  any 
-of  the  more  harmful  ones. 

The  author  says: 

"Unforttmately,  the  application  of  these  new  methods  for  preserving 
food  was  not  left  where  it  belonged,  with  the  critical  and  disinterested 
scientific  investigators,  but  was  seized  upon  by  alert  men  whose  chief 
interest  was  of  the  pecuniary  kind.  The  outcome  might  have  been  fore- 
-seen.  *  *  * 

"By  means  of  greater  liberality  with  the  antiseptics  whidi  are  cheap, 
Ihe  enterprising  manufacturer  also  succeeded  in  preparing  food  products 
for  the  market  from  materials  already  so  decayed  as  to  be  unsalable.  *  *  * 

"In  the  absence  of  specific  and  adequate  evidence  to  the  contrary,  it 
follows  practically  as  a  matter  of  course  that  chemicate  which  are  effective 
in  killing  or  preventing  the  development  of  bacteria  must  be  injurious  to 
the  more  highly  organized  and  more  sensitive  living  cells  which  go  to  make 
up  the  human  body.  *  *  *  * 

"Among  all  the  preservatives  of  recent  origin  there  is  probably  no  one 
more  likely  to  prove  practically  harmless  to  human  beings  than  benzoic 
3/dd  and  benzoates. 

"  It  is  known  that  while  certain  chemicals  may  be  taken  in  substantial 
quantities  for  a  month  or  a  year  without  producing  demonstrably  in- 
jtuious  eflFects,  nevertheless,  the  continued  use  of  the  same  substance, 
«ven  in  small  quantities,  will  eventually  undermine  the  health. 

"It  is  perhaps  not  superfluous  to  state  that  the  approval  of  a  limited 
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use  of  benzoic  add  or  sodium  benzoate  for  the  preservation  of  good,  but 
perishable  fcKxi  materials,  does  not  imply  approval  of  similar  preservation 
of  decayed  materials;  or  of  materials  which  are  regularly  consumed  in 
large  quantities,  as  for  example  milk;  or,  of  foods  which  do  not  need  any 
chemical  preservatives." 

"The  substitution  of  benzoic  acid  for -cleanliness  in  the  preparation  of 
food  is  doubtless  a  real  and  practical  temptation  to  manufacturers  of 
cheap  foods,  however  much  they  may  be  disposed  to  deny  it." 

*'It  is,  however,  extremely  difficult — in  food  almost  impossible — to 
determine  experimentally,  in  a  short  time,  wkh  any  degree  of  certainty, 
whether  a  comparatively  mild  chemical  is  or  is  not  injurious  to  health." 

Dr.  Folin  does  not  .hesitate  to  condemn  the  bleaching  of  flour.     He  says: 

''The  addition  of  dangerous  chemicals  to  food  products  for  no  other 
purpose  than  to  hide  inferiority  is  a  practice  which,  from  the  standpoint 
of  the  consumer,  has  nothing  to  recommend  it.  Take  for  example  the  no- 
torious case  of  bleached  flour." 

He  points  out  that  the  owners  of  the  patent  have  worked  for  years  and 
"the  reward  for  their  success  was  contributed  by  the  consumers  of  the 
bleached  flour  at  the  rate  of  50  cents  to  $1  xxy  extra  per  barrel." 

"  We  are,  in  my  judgment,  bound  to  take  the  position  that  any  substance 
known  as  a  poison  must  be  assumed  to  be  injurious  to  health,  even  when 
taken  in  the  smallest  doses,  unless  we  have  definite  and  specific  reasons  for 
believing  it  fails  to  have  any  effect  when  the  dose  is  minute.  *  *  *  In  the 
case  of  most  dangerous  chemicals  it  is,  I  think,  neither  safe  or  sound  pubUc 
policy  to  assume  that  they  may  be  made  ingredients  of  our  daily  food  even 
though  the  quantities  used  are  small  when  compared  with  doses  capable 
of  producing  demonstrable  results.  So  long  as  failing  health  before  old 
age  is  as  common  as  it  is  we  cannot  afford  to  extend  the  benefits  of  reason- 
able doubts  to  any  poisonous  or  deleterious  ingredients  added  to  our  food. 
*  *  *  In  the  interests  erf  the  public  it  should  be  enough  to  show  that 
adulterated  foods  contain  added  poisonous  or  deleterious  dngredients,  and 
to  insist  that  the  presence  of  such  admittedly  injurious  substances  of  neces- 
sity renders  the  product  containing  them  injurious  to  health." 

The  author  thinks  that  the  courts  may  safely  interpret  the  i^ase 
"may  render  such  article  injurious  to  health"  as  throwing  the  burden  of 
proof  on  the  manufacturers  of  foods  containing  added  chemicals. 

Thi^Httle  volume  nsay  be  read  with  much  profit  by  all  who  are  interested 
in  food  products  as  a  sane  presentation  of  facts  sifted  from  the  mass  of 
controversial  material  forced  upon  the  public  during  the  past  few  years. 

&  P.  Laod. 
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